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Hello, Derchang.

Below are some notes and questions regarding the subject matter which we discussed yesterday by telephone.  Please review these notes and provide additional comments (details, corrections, etc.) where indicated by the “●” character.  

I propose arranging another meeting after I have had a chance to review your additional comments.  However, if it would be more convenient to review a particular one of these topics by telephone, please feel free to call me.
Thanks,




 /Dermot G. Miller/


Dermot G. Miller


BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN, LLP

The information contained in and/or attached to this message is CONFIDENTIAL and PRIVILEGED and is only for the use of the designated addressee(s) named above. The information transmitted herein is subject to various confidentiality laws, rules and regulations, including the attorney-client privilege and/or represents confidential attorney work product.  If YOU are not a designated addressee named above or the authorized agent responsible for delivering it to a designated addressee, you received this document through inadvertent error and any further review, dissemination, distribution or copying of this communication by you or anyone else is strictly prohibited. IF YOU RECEIVED THIS COMMUNICATION IN ERROR, PLEASE NOTIFY US IMMEDIATELY BY TELEPHONING THE SENDER NAMED ABOVE AT (503) 439-8778. Thank you.
METHOD “0”: 
DETERMINING RESET THRESHOLD VOLTAGE (VTH_RESET)
Determining VTH_RESET based on:

(1)
a SET Threshold Voltage (VTH_SET), 

(2)
maximum final time (tfin) that data must be able to be stored without being read, and

(3)
minimum initial time (tinit) that a read may be performed after a WRITE (e.g. SET or RESET)
● IS THIS CORRECT?  
OK
GIVEN PARAMETERS

(1)
SET Threshold Voltage (VTH_SET)

Seemingly, this is empirically observed and/or known from the particular type of PCM hardware.  
● IS THIS CORRECT?  
I am not sure ‘empirically observed’ a reasonable phrase.   It is PCMS property subject to manufacturing time specification.  Or I should say this is not a programmable attribute subject to chip design or component usage. 
(2)
Final time (tfin)
Seemingly, this is a design specification/requirement.  
● IS THIS CORRECT?  
Correct
(3)
Initial time (tinit)


● WHAT IS IT THAT DETERMINES THE VALUE FOR tinit? 
It is a design spec.   There are two options for tinit. These are method 1 and method 2.  Method 1 uses single demarcation point.  

Method 2 is able extend tinit (to make less delay of the READ on the written bit) 
CALCULATION
-- Given VTH_SET, tfin and tinit, it would seem from the following equation:
ΔVTdrift > Rdrift.SET log (tfin/tinit)

that ΔVTdrift is the amount VTH_SET will drift between tinit and tfin.  That is to say, from tinit and tfin, VTH_SET will transition to some predictable VTH_SET’ = VTH_SET + ΔVTdrift.  IS THIS CORRECT?  
Correct.  More precisely, “ΔVTdrift is the amount VTH_SET will drift FROM tinit TO tfin” and 
“VTH_SET will transition to some predictable VTH_SET’ = VTH_SET@Tinit + ΔV’Tdrift, 

where 0< ΔV’Tdrift< ΔVTdrift”
● BUT, how then might VTH_RESET be calculated from VTH_SET’?
- This would seemingly depend upon one or more of 
(1)
the width of the VTH_SET distribution curve, 
(2)
the width of the VTH_RESET distribution curve, and/or 
(3)
the value of VDM.

● IS THIS CORRECT?  

I am confused with your question. The calculation of VTH RESET is based on VTH SET not VTH SET’.  VDM is not a independent variable.   It is the dependent results.  The value of VDM is obtained between the separation of the highest value of  VTH SET and the lowest value of VTH RESET.  
● AND IF SO, how are each/any/all of these values to be determined and used to calculate VTH_RESET from VTH_SET’?

I hope my previous answer clarify for this question.
SYSTEM
● What are the essential elements of a typical system in which this method might be implemented?

(e.g. a high-level description of a platform which, for example, includes one or more of a memory controller, a memory device, configuration interface, etc.)

I think you cover them well.   It can be a PCMS host controller which regulates the data traffic between CPU and PCMS such as Hard Drive Disk or Solid State Disk controller .  It can also be a interface protocol chip like a memory controller chip in chip set design.   It may be likely as a build in function in a SOC for small form-factor product such as hand-held, mobile or wireless unit.
DEVI CE

● What are the essential elements of the particular device which implements the method?

(e.g. a circuit diagram for hardware which allows the VTH_RESET value to be determined and changed)

Two questions: 1) Is this for embodiment / illustration purpose?   There are many circuit implementations for voltage detection.  For example of a voltage comparator, a op with a feedback resistor connect to a predetermined current source, say 10uA can be a good way for voltage detection.  2) I don’t intend to detect the reset threshold voltage, VTH RESET and its change.  I’d like to make sure the threshold voltage is higher than the minimum required.  So, I think I understand your question but unclear with the ‘e.g.’
METHOD

● What are the essential operations when performing the method itself?
(e.g. receiving information describing the known parameter needed for the calculation, the calculation of the VTH_RESET value, and/or operating the implementing hardware to set/reset the VTH_RESET value) 
???
-








-
METHOD 1: 
DETERMINING TIME WINDOW (tfin - tinit)
* NOTE: This discussion of method 1 may be moot in view of your answers to the questions above regarding Method “0”.
● Final time (tfin)
Seemingly, this is a design specification/requirement (as discussed above).

Correct.
● Initial time (tinit)


WHAT IS IT THAT DETERMINES THE VALUE FOR tinit? 

If tinit is the time it takes for the VTH_RESET distribution curve to drift above VDM, then the parameters in question for determining tinit would seem to be:

(1)
VDM

(2)
VTH_RESET
(3)
the width of the VTH_RESET distribution curve

(4)
a rate of drift Rdrift.RESET for the VTH_RESET distribution curve

- IS THIS CORRECT?  

Not VDM but if VDM is equal to or greater than VTH SET at tfin, then yes. 

-- AND IF SO, how are each/any/all of these values to be determined and used to calculate tinit?

It is kind of complicated.  It is part of the inhibiting scheme of cross point array read and write.  But let me start from the principle of drift with respect to READ. The tinit is the earliest time you would like to read the written bit.  So, you have to make sure the reset threshold voltage at tinit is higher than VTH SET at tfin.

In this case you obtain a VDM for user to delineate SET and RESET between tinit and tfin. So, in this case, it is not calculated value.  It’s is specification from READ perspective.   However, one can always program the RESET bit “hard” so it can be READ back as soon as it programmed.   Then the consequence will be

VTH-RESET@tfin becoming too high for power supply to handle.   That means the bit stuck at reset before the bit drift to the spec time tfin.  So, the 2nd condition will be based on the peak program voltage supply capability, if you will, called Vpp.  That is Vpp must be equal or higher than VTH-RESET@tfin. Since VTH-RESET@tinit must be greater than VTH-SET@tfin,  

Tinit ≥ Tfin /10X, where X = (VTH-RESET@tfin-VTH-SET@tfin) / Rdrift.RESET
In this calculation, I simplify/omit the other Vt distribution factors. 
SYSTEM

● What are the essential elements of a typical system in which this method might be implemented?

(e.g. a high-level description of a platform which, for example, includes one or more of a memory controller, a memory device, configuration interface, etc.)

???
DEVI CE

● What are the essential elements of the particular device which implements the method?

(e.g. a circuit diagram for hardware which allows the (tfin - tinit) value to be determined and changed)

???
How about let’s stop to this point and align to method 1 first before we go on the method 2.  Perhaps, you may change your question on method 2 after review my comment above.

METHOD

● What are the essential operations when performing the method itself?

(e.g. receiving information describing the known parameter needed for the calculation, the calculation of the (tfin - tinit) value, and/or operating the implementing hardware to set/reset the (tfin - tinit) value) 

-








-
METHOD 2:
TRACKNG MECHANISMS TO WIDEN A TIME WINDOW 
* NOTE: This discussion of method 2 may be moot in view of your answers to the questions above.
Seemingly, the method includes choosing a value tref such that t1/tref = tfin/tinit.
● HOWEVER, what does the value tref represent?

● AND, what does the value t1 represent and how is it determined?

Seemingly, a lower demarcation value VDM is used from t0 to tref.  
● HOW IS THIS LOWER DEMARCATION VALUE DETERMINED?

● HOWEVER, what does the value t0 represent and how is it determined?

Seemingly, addresses of certain memories may be time-stamped.

● HOWEVER,
-- Which addresses are time-stamped?

-- What are the mechanisms for implementing time-stamping?

-- What are the mechanisms for recognizing/using the time-stamping?
Seemingly, after tref, a time-stamped address is considered expired?
● IS THIS CORRECT?
●AND IF SO, is this different from “expiration” after tfin?
Seemingly, a maximum numbers of tracking registers is tref/t0.

● Why is this limit imposed?
SYSTEM, DEVICE, METHOD

● How are the system, device and/or method discussed above are to be extended to implement method 2?

-








-
METHOD 3:
LOW ENERGY AND LONG RETENTION BACKGROUND REFRESH 
* NOTE: This discussion of method 3 may be moot in view of your answers to the questions above.

Seemingly, a READ operation reinitializes a SET drift clock and RESET reinitializes a RESET drift clock.

● How is the expiration time for different memory cells tracked, where each memory cell was last written to a different respective time?

● How is reinitialization by a RESET operation performed on the RESET bits, without changing SET bits? 
