Read-Access of PCMS
Demarcation READ 

In a PCMS memory array, the SET and RESET threshold voltage distributions are delineated by a demarcation voltage, VDM. VDM is hence used to interrogate the state of the memory.  When a memory threshold voltage is lower than VDM, the memory cell thresholds and the interrogation returns the “1” state; likewise, if the memory dose not threshold and the interrogation will return the “0” state.   Therefore ‘SET’ and ‘RESET’ threshold voltage distributions of a PCMS memory array cannot be overlapped (Fig. 1)
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Drift
Due to the relaxation of PCMS, both SET and RESET threshold voltages will increase in time, a.k.a. “Drift.”   As illustrated in fig 2, the threshold voltage drifts linearly proportional to the log of time, RDrift.  
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The drift timer of each memory cell is re-initialized immediately followed by the event of threshold.  This event can be a reading of a memory in SET-State or writing a memory. In order to distinguish “1” and “0” of PCMS, the RESET threshold voltage must be higher than the SET threshold voltage retained a period time after READ or WRITE.  Therefore, there exists a finite time window to ascertain the states of memories.  This time window is between the shortest time, tinit, after RESET and longest time, tfin, after SET or READ.

Method 1: As a part of READ Window  
A Vt separation between SET and RESET at initial state must be established to allow “Drift” between tinit and tfin.  Therefore the addition of RESET threshold voltage, VtDrift, at tinit must be equal to or higher than the SET threshold drift voltage from tinit and tfin.  Thus, 
VtDrift ≥ RDrift.SET • log(tfin/tinit), where RDrift.SET is the rate of SET Vt Drift in [V/dec]
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Method 2: Invoking a tracking mechanism   
Coupled with Method 1, a tracking mechanism can be deployed to widen the time window with a controller chip.  The widened time window is characterized with the faster initial time t0 and longer retention time t1. A intermediate time, tref, is chosen such that t1/tref =  tfin/tinit.   Hence, the Vt window component consumed by SET Drift, VtDrift, is the same as Method 1.  To read the memory cells between t0 and tref, a lower demarcation voltage is required in account for lower RESET Vt drift.  In addition, the address of the lower drift memories is time stamped.  When drift timer exceeds tref, the marked address is expired and the register becomes available for the newly initialized memories, by READ or WRITE.  The maximum numbers of the tracking registers are tref/t0.  
Method 3: Background Refresh
In addition to the tracking mechanism in method 2, the controller will  routinely refresh PCMS chips before the retention is expired.  The refresh rate should be equal to or greater than the retention / product density.  For example of a 16GB device with 1 year of retention, the refresh rate of 0.47sec for every 256 bytes can warrant the data integrity.
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Fig 3. SET Vt drift as a part of Read window budget.





Fig 2. The threshold voltage drifts linearly proportional to the log of time
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Fig 1. The SET and RESET threshold voltage distributions cannot be overlapped and are delineated by a demarcation voltage, VDM.
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Vt,RESET distribution @ tinit 
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