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CLAIMS 

What is claimed is: 

1. A virtual ground sensing circuit, comprising: 5 

at least one sense circuit configured to compare a reference voltage potential to a sense node 

voltage potential of a first sense node of the at least one sense circuit, the first sense 

node having a sense node capacitance; 

virtual ground circuitry operably coupled to the at least one sense circuit and configured to: 

provide a virtual ground at a first bias voltage potential to a conductive line operably 10 

coupled to a selected ferroelectric memory cell; and 

selectively discharge the conductive line to the first sense node of the at least one 

sense circuit responsive to the selected ferroelectric memory cell changing 

from a first polarization state to a second polarization state. 

15 

2. The virtual ground sensing circuit of claim 1, wherein the at least one sense 

circuit includes a transistor configured to selectively operably couple the first sense node to a 

power voltage potential. 

3. The virtual ground sensing circuit of claim 2, wherein the transistor is 20 

configured to isolate the first sense node from the power voltage potential during a sense 

operation of the selected ferroelectric memory cell. 

4. The virtual ground sensing circuit of claim 1, wherein the at least one sense 

circuit is configured to detect charge emitted by the selected ferroelectric memory cell when 25 

the selected ferroelectric memory cell changes from the first polarization state to the second 

polarization state. 

5. The virtual ground sensing circuit of claim 1, wherein the at least one sense 

circuit is configured to detect charge sunk to the selected ferroelectric memory cell if the 30 

selected ferroelectric memory cell changes from the first polarization state to the second 

polarization state. 
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6. The virtual ground sensing circuit of claim 1, wherein the first polarization 

state and the second polarization state correspond to data states in a one-bit single-level 

polarization scheme. 

7. The virtual ground sensing circuit of claim 6, wherein the first polarization 5 

state corresponds to one of a digital logic “1” and a digital logic “0,” and the second 

polarization state corresponds to the other of the digital logic “1” and the digital logic “0.” 

8. The virtual ground sensing circuit of claim 1, wherein the first polarization 

state and the second polarization state correspond to data states in a multi-bit multi-level 10 

polarization scheme. 

9. The virtual ground sensing circuit of claim 8, wherein the first polarization 

state and the second polarization state correspond to data states in a two-bit multi-level 

polarization scheme. 15 

10. The virtual ground sensing circuit of claim 1, wherein the first sense node 

capacitance is less than a capacitance of the conductive line. 

11. The virtual ground sensing circuit of claim 1, wherein the first sense node 20 

capacitance comprises a parasitic capacitance. 
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12. A method of performing a sense operation for a selected ferroelectric memory 

cell, the method comprising: 

providing a virtual ground at a first bias voltage potential to a conductive line operably 

coupled to the selected ferroelectric memory cell in a first polarization state; 

applying a second bias voltage potential to another conductive line operably coupled to the 5 

selected ferroelectric memory cell, wherein the first bias voltage potential and the 

second bias voltage potential are selected to apply a critical voltage to the selected 

ferroelectric memory cell; 

operably coupling the conductive line to a sense node of a sense circuit having a sense node 

capacitance if the ferroelectric memory cell switches to a second polarization state; 10 

and 

comparing a sense node voltage potential at the sense node to a reference voltage potential to 

determine the first polarization state. 

13. A method of performing a sense operation for a selected ferroelectric memory 15 

cell, the method comprising: 

providing a virtual ground at a first bias voltage potential to a conductive line operably 

coupled to the selected ferroelectric memory cell in a first polarization state; 

applying a second bias voltage potential to another conductive line operably coupled to the 

selected ferroelectric memory cell, wherein the first bias voltage potential and the 20 

second bias voltage potential are selected to apply a critical voltage to the selected 

ferroelectric memory cell; 

operably coupling the conductive line to a sense node of a sense circuit having a sense node 

capacitance if the ferroelectric memory cell switches to a second polarization state; 

comparing a sense node voltage potential at the sense node to a reference voltage potential to 25 

determine the first polarization state; and 

storing data corresponding to the determined first polarization state in a latch, and resetting 

the selected ferroelectric memory cell to the first polarization state after the sense 

operation is performed. 

30 

14. The method of claim 12, further comprising sweeping the reference voltage 

potential from a low voltage potential to a high voltage potential during the sense operation. 
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15. The method of claim 14, wherein sweeping the reference voltage potential 

from the low voltage potential to the high voltage potential comprises sweeping the reference 

voltage potential in a stepping pattern from the low voltage potential to a high voltage 

potential. 

5 

16. The method of claim 14, wherein sweeping the reference voltage potential 

from the low voltage potential to the high voltage potential comprises sweeping the reference 

voltage potential linearly from the low voltage potential to the high voltage potential. 

17. The method of claim 12, wherein comparing the sense node voltage potential 10 

to the reference voltage comprises comparing the sense node voltage potential to a plurality 

of different reference voltage potentials to determine the first polarization state. 

18. The virtual ground sensing circuit of claim 1, wherein the virtual ground 

circuitry is further configured to: 15 

selectively discharge the conductive line to a second sense node responsive to the selected 

ferroelectric memory cell changing from a second polarization state to a first 

polarization state; and 

compare a sense node voltage potential of the second sense node to a reference voltage 

potential to determine a data state the selected memory cell was in. 20 

25 

30 
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19. An electrical system, comprising: 5 

an array of memory cells, each memory cell in the array of memory cells including a first 

electrode and a second electrode and configured to transition from a first data state to 

a second data state when a critical voltage potential is applied across the first 

electrode and the second electrode; and 

control circuitry operably coupled to the array of memory cells, the control circuitry 10 

including: 

biasing circuitry configured to apply the critical voltage potential to a selected 

memory cell of the array of memory cells by providing a first bias voltage 

potential to the first electrode of the selected memory cell and a second bias 

voltage potential to the second electrode of the selected memory cell; and 15 

a virtual ground sensing circuit operably coupled between the biasing circuitry and 

the second electrode, the virtual ground sensing circuitry configured to: 

relay the second bias voltage potential from the biasing circuitry to the second 

electrode; 

serve as a virtual ground operably coupled to the second electrode; 20 

selectively discharge the second electrode to a first sense node if the memory 

cell transitions from the first data state to the second data state; and 

compare a sense node voltage potential of the first sense node to a reference 

voltage potential to determine a data state the selected memory cell 

was in. 25 

20. The electrical system of claim 19, wherein at least a portion of the memory 

cells in the array of memory cells includes a ferroelectric material between the first electrode 

and the second electrode. 

30 
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21. The electrical system of claim 20, wherein the ferroelectric material 

comprises at least one material selected from the group consisting of lead zirconate titanate 

(PZT), strontium bismuth tantalite (SBT), bismuth lanthanum titanate (BLT), lead titanate, 

and barium titanate. 

5 

22. The electrical system of claim 19, wherein the virtual ground sensing circuit 

comprises: 

an operational amplifier having a non-inverting input configured to receive the second bias 

voltage potential; 

a follower circuit including an n-MOS transistor and a p-MOS transistor, wherein: 10 

a source of the n-MOS transistor is operably coupled to each of a source of the 

p-MOS transistor, an inverting input of the operation amplifier, and the 

second electrode of the memory cell; 

a drain of the n-MOS transistor is operably coupled to a high voltage potential power 

supply; 15 

a drain of the p-MOS transistor is capacitively coupled to a low voltage potential 

power supply; and 

a gate of the n-MOS transistor and a gate of the p-MOS transistor are both operably 

coupled to an output of the operational amplifier; and 

a comparator configured to compare a drain voltage potential of the drain of the p-MOS 20 

transistor to a reference voltage potential. 

23. The electrical system of claim 22, wherein the drain of the p-MOS transistor 

is capacitively coupled to the low-voltage potential power supply through a parasitic 

capacitance. 25 

24. The electrical system of claim 22, wherein the control circuitry further 

comprises a bit line decoder configured to selectively operably couple the source of the 

n-MOS transistor to the second electrode of the memory cell. 

30 
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25. The electrical system of claim 19, wherein the virtual ground sensing circuit 

is further configured to: 

discharge the second electrode to a second sense node if the memory cell transitions from the 

second state to the first state; and 

compare a sense node voltage potential of the second sense node to a reference voltage 5 

potential to determine a data state the selected memory cell was in. 


