Verification of PCMS
Demarcation READ time interval:

Due to the relaxation of PCMS, both SET and RESET threshold voltages will increase in time, a.k.a. “Drift.”   As illustrated in fig 1, the threshold voltage drifts linearly proportional to the log of time, RDrift.  
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[image: image2]
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.   A typical tinit is 3msec and a typical tfin is 1 year. 
Verfication and level and timing:
A RESET pulse width of PCMS is 10s nsec or faster.  To take advantage of the high speed operation, a demarcation read verify should be done within 10s nsec after RESET pulsing.  This is typically a few decades faster than tinit for read window budget allocation.  Applying READ demarcation level to RESET verification will result in over RESET. 

Lower demarcation level based on shorter time to verify:
In PCMS, verification is only needed for RESET operation.   Due to ‘self inhibiting, shown in table 1, the RESET intended memory cells will threshold for RESET only if resident data is in SET-state.  That is, if bit doesn't threshold, it is in RESET state.   For the bits perform RESET operation, drift time counter is 're-initialized' due to 'threshold event' incurred by 'RESET' operation.  Verification is done with a controlled/fixed timing after RESET incurred threshold.  The corresponding drift time is fixed (Fig. 2).   Regardless the successfulness of RESET pulsing, the drift timer will be re-initiated subject to threshold event.  Also the corresponding threshold voltages are lower due to less drift at verification timing (~10nsec).  Consequently, a window exists between failed and succeeded RESET after a fixed drift time.  Therefore, VVerify is lower than VREAD due to time to verify after RESET pulse is shorter than time to first READ operation.  
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Fig 1. The threshold voltage drifts linearly proportional to the log of time





Table 1.   An example of WRITE Operation of PCMS:  RESET is requested for Bit-0, -2 ,-5, -6.  Resident data of bit-2 and bit-5 are in RESET state.  Therefore, the RESET operation is inhibited at both locations (blue marked cells).  Only bit-0 and bit-6 will perform RESET operation.
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Fig 2. VVerify is lower than VREAD due to time to verify after RESET pulse is shorter than time to first READ operation.  Regardless the successfulness of RESET pulsing, the drift timer will be re-initiated subject to threshold event.
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