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Figure 3.21. New Sense Amplifier

From figure 3.22, we see that Vbit is initially at 2.6v. Since this is higher than
the reference voltage (2.5v), the buffer output Vout2 goes high. The output from the
buffer is shown by Vout2 in figure 3.22. Vout2 going high causes the feedback circuit to
be activated. The feedback circuit pulls out a precise charge from Vbit node. This
simulation was for an Rbit value of 500k ohms. As charge is removed from Vbit node the
Vout2 signal goes low because the Vbit voltage is now lower than the reference voltage
(2.5v). After some time the Vbit node gets charged back to voltage VDD3, which is

higher than Vref (2.5v) causing Vout2 to go high.
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Figure 3.22. New Sense Amplifier Output

When the circuit is run for a considerable time, we can see the number of times
vout2 goes high (figure 3.23) varies with the bit resistance Rbit which models the flash
cell. For a larger bit resistance, it takes more time for vbit node to charge back above
Vref (2.5v). The Rbit value can be estimated knowing the number of times Vout2 goes
high in a given time.

Equating the current through the bit resistance with the current through the

switched capacitance resistance can give us a relation to estimate the bit resistance.

Vo Ve _You (21)
Solving for Rea
V... —V,
R = 3 .7 4 R
be ___Fh SC
Where, | #ofClockPulses (3.22)

“ = (. Cp HofoupuiHigh



Therefore

B V{JIJ! = VM ) | B 50 :
" Izﬂm ﬁ_';_g,' CF #Uﬂ)ufpidfﬁgh

23)

n _26-25 I _ 50
W95 10.10°.40.107  #ofOutputHigh

B 5.10°
" $ofOutputHigh

The number of times the output is high is shown in figure 3.23 by red lines. From that
information the resistance values are calculated below.

For 40 highs,

L
xas =125k , The simulated resistance was 100K

R, =

ol

For 18 highs,

5.10° . :
R, = I!E =277k , The simulated resistance was 300K
For 9 highs,

510" e : :
By = 5 555k , The simulated resistance was S00K<2

For 6 highs,

5.10° ;
R, = _I;} - =833k, The simulated resistance was 750K

For 4 highs,

R, = -E% =1.25Meg , The simulated resistance was 1 Meg(2

We could see form figure 3.23 that the approximation is very close to the absolute value

used in the simulation.
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Figure 3.23. Complete Circuit with Different Bit Resistance
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CHAPTER FOUR: SUMMARY

A circuit was designed, which uses averaging techniques to determine the value
of the bit resistance. This is a robust design, and does not rely on precision circuitry. The
output signal goes high when there is a change in the bit line voltage. From the output
signal we can determine the exact value of the resistance. The output can be connected to
a counter, which counts the number of times the output goes high. Resistance can be
estimated using the counter value. In our results we saw that resistance’s of various
values can be estimated using this circuit design. This circuit can sense various current
levels. With variation in process the resistance value might change. Since the flash
memory is programmed in a similar way this circuit is also robust with process vanation.

The decision circuit plays a major role in sensing the micro amp difference
between the differential pair currents. This project can further be developed to work on

low power supply and to do multi-level storage in flash memory cell.
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