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capacitors of the selected memory cell 105 are coupled to digit lines BLT and BLC, 

respectively.  

[0045] Word lines WLNV(0)-WLNV(n) are in electronic communication with selection 

components of memory cells 105 NVMC(0)-NVMC(n), respectively.  Thus, activating the 

word line WLNV of a respective memory cell 105 NVMC may activate the memory cell 105 

NVMC.  For example, activating WLNV(0) activates memory cell NVMC(0), activating 

WLNV(1) activates memory cell NVMC(1), and so on.  Word lines WLD(0)-WLD(n) are in 

electronic communication with selection components of memory cells 105 DMC(0)-DMC(n), 

respectively.  Thus, activating the word line WLD of a respective memory cell 105 DMC may 

activate the memory cell 105 DMC.  For example, activating WLD(0) activates memory cell 

DMC(0), activating WLD(1) activates memory cell DMC(1), and so on.  

[0046] To sense the logic value stored by a memory cell 105, the word line WLNV or 

WLD may be biased to activate a respective memory cell 105, and a voltage may be applied 

to the digit lines BLT and BLC to change a voltage of the digit lines BLT and BLC.  Activation 

of the memory cell 105 may cause a voltage change of the digit lines BLT and BLC that is 

based on charge stored on the capacitors of the memory cell 105.  The change in the 

voltage of digit lines BLT and BLC may cause a change on sense nodes A and B of the 

sense component 25, respectively.  The resulting voltage of digit lines BLT and BLC may be 

compared to one another by the sense component 25 in order to determine the logic value 

represented by the stored state of each memory cell 105.   

[0047] With regards to an NVRAM memory cell, biasing the plate line CPNV of an 

activated memory cell 105 may result in a voltage difference across the capacitors of the 

activated memory cell 105, which may yield a change in the stored charge on the capacitors. 

The magnitude of the change in stored charge may depend on the initial state of each 

capacitor—e.g., whether the initial state stored corresponded to a logic 1 or a logic 0.  When 

the selection components of the memory cells 105 are activated by the word line WLNV, the 

change in stored charge due to biasing the plate line CPNV may cause a change in the 

voltages of digit lines BLT and BLC based on the charge stored on the capacitors of the 

activated memory cell 105.  With regards to a DRAM memory cell, activating the memory 

cell 105 may cause charge stored on the capacitors to change voltages of the digit lines BLT 

and BLC.  As previously described, the resulting voltage of the digit lines BLT and BLC may 

be used to determine the logic value of the stored state of the memory cell 105. 

[0048] Sense component 25 may include various transistors or amplifiers to detect and 

amplify a difference in signals, which may including latching the amplified difference.  Sense 

component 25 may include a sense amplifier that receives and compares the voltage of its 
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[0055] Ferroelectric materials have non-linear polarization properties.  FIG. 3A and FIG. 

3B illustrate examples of non-linear electrical properties with hysteresis curves 300-a (FIG. 

3A) and 300-b (FIG. 3B) for a memory cell for ferroelectric memory in accordance with 

various embodiments of the present disclosure.  Hysteresis curves 300-a and 300-b illustrate 

an example ferroelectric memory cell writing and reading process, respectively.  Hysteresis 

curves 300 depict the charge, Q, stored on a ferroelectric capacitor (e.g., the capacitor 

associated with a non-volatile memory cell NVMC 105 of FIG. 2A) as a function of a voltage 

difference, V.   

[0056] A ferroelectric material is characterized by a spontaneous electric polarization, for 

example, it maintains a non-zero electric polarization in the absence of an electric field.  

Example ferroelectric materials include barium titanate (BaTiO3), lead titanate (PbTiO3), lead 

zirconium titanate (PZT), and strontium bismuth tantalate (SBT).  The ferroelectric capacitors 

described herein may include these or other ferroelectric materials.  Electric polarization 

within a ferroelectric capacitor results in a net charge at the ferroelectric material’s surface 

and attracts opposite charge through the capacitor terminals.  Thus, charge is stored at the 

interface of the ferroelectric material and the capacitor terminals.  Because the electric 

polarization may be maintained in the absence of an externally applied electric field for 

relatively long times, even indefinitely, charge leakage may be significantly decreased as 

compared with, for example, capacitors employed in volatile memory arrays.  This may 

reduce the need to perform refresh operations as described above for some volatile memory 

architectures. 

[0057] Hysteresis curves 300 may be understood from the perspective of a single 

terminal of a capacitor.  By way of example, if the ferroelectric material has a negative 

polarization, positive charge accumulates at the terminal.  Likewise, if the ferroelectric 

material has a positive polarization, negative charge accumulates at the terminal.  

Additionally, it should be understood that the voltages in hysteresis curves 300 represent a 

voltage difference across the capacitor and are directional.  For example, a positive voltage 

may be realized by applying a positive voltage to the terminal in question and maintaining 

the second terminal at ground (or approximately zero volts (0V)).  A negative voltage may be 

applied by maintaining the terminal in question at ground and applying a positive voltage to 

the second terminal, for example, positive voltages may be applied to negatively polarize the 

terminal in question.  Similarly, two positive voltages, two negative voltages, or any 

combination of positive and negative voltages may be applied to the appropriate capacitor 

terminals to generate the voltage difference shown in hysteresis curves 300. 

[0058] As depicted in hysteresis curve 300-a, the ferroelectric material may maintain a 

positive or negative polarization with a zero voltage difference, resulting in two possible 
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charged states: charge state 305 and charge state 310.  According to the example of FIG. 3, 

charge state 305 represents a logic 0 and charge state 310 represents a logic 1.  In some 

examples, the logic values of the respective charge states may be reversed without loss of 

understanding.   

[0059] A logic 0 or 1 may be written to the memory cell by controlling the electric 

polarization of the ferroelectric material, and thus the charge on the capacitor terminals, by 

applying voltage.  For example, applying a net positive voltage 315 across the capacitor 

results in charge accumulation until charge state 305-a is reached.  Upon removing voltage 

315, charge state 305-a follows path 320 until it reaches charge state 305 at zero voltage 

potential.  Similarly, charge state 310 is written by applying a net negative voltage 325, 

which results in charge state 310-a.  After removing negative voltage 325, charge state 310-

a follows path 330 until it reaches charge state 310 at zero voltage.  Charge states 305 and 

310 may also be referred to as the remnant polarization (Pr) values, which is the polarization 

(or charge) that remains upon removing the external bias (e.g., voltage).   

[0060] To read, or sense, the stored state of the ferroelectric capacitor, a voltage may be 

applied across the capacitor.  In response, the stored charge, Q, changes, and the degree of 

the change depends on the initial charge state, and as a result, the final stored charge (Q) 

depends on whether charge state 305-b or 310-b was initially stored.  For example, 

hysteresis curve 300-b illustrates two possible stored charge states 305-b and 310-b.  

Voltage 335 may be applied across the capacitor as previously discussed.  Although 

depicted as a positive voltage, voltage 335 may be negative.  In response to voltage 335, 

charge state 305-b may follow path 340.  Likewise, if charge state 310-b was initially stored, 

then it follows path 345.  The final position of charge state 305-c and charge state 310-c 

depend on a number of factors, including the specific sensing scheme and circuitry.   

[0061] In some cases, the final charge may depend on the intrinsic capacitance of the 

digit line coupled to the memory cell.  For example, if the capacitor is coupled to the digit line 

and voltage 335 is applied, the voltage of the digit line may rise due to its intrinsic 

capacitance.  So a voltage measured at a sense component may not equal voltage 335 and 

instead may depend on the voltage of the digit line.  The position of final charge states 305-c 

and 310-c on hysteresis curve 300-b may thus depend on the capacitance of the digit line 

and may be determined through a load-line analysis.  Charge states 305-c and 310-c may 

be defined with respect to the digit line capacitance.  As a result, the voltage 360 of the 

capacitor, voltage 350 or voltage 355, may be different and may depend on the initial state of 

the capacitor.   
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[0062] By comparing the digit line voltage to a reference voltage, the initial state of the 

capacitor may be determined.  The digit line voltage may be the difference between voltage 

335 and the final voltage 360 across the capacitor, voltage 350 or voltage 355 (e.g., voltage 

335 – voltage 350) or (e.g., voltage 335 – voltage 355).  A reference voltage may be 

generated such that its magnitude is between the two possible digit line voltages in order to 

determine the stored logic state, for example, if the digit line voltage is higher or lower than 

the reference voltage.  For example, the reference voltage may be an average of the two 

quantities (voltage 335 – voltage 350) and (voltage 335 – voltage 355).  In another example, 

the reference voltage may be provided by isolating a voltage on first sense node of a sense 

component, then causing a voltage change on a second sense node of the sense 

component through a digit line, and comparing the resulting voltage of the second sense 

node with the isolated voltage of the first sense node. Upon comparison by the sense 

component, the sensed digit line voltage may be determined to be higher or lower than the 

reference voltage, and the stored logic value of the ferroelectric memory cell (e.g., a logic 0 

or 1) may be determined.   

[0063] As mentioned, a particular memory cell 105 may be implemented with various 

combinations of transistors (T) and capacitors (C) and  any appropriate configuration may be 

used in accordance with the present disclosure.  For example, a particular memory cell 105 

may be implemented with configurations such as 1T1C, 2T1C, 2T2C, 3T2C, 4T2C, and so 

on.  Furthermore, different memory cells may be stacked or paired with each other in any 

combination or configurations and cell types.  In order to more particularly describe the 

operation of memory cells 105 in accordance with embodiments of the present disclosure, 

the following discussion references  2T2C and 1T1C memory cells by way of example and 

not limitation.  It should be appreciated that the operations discussed below are specific 

examples of concepts that may be applied more generally to any memory cell configuration 

used to implement a memory cell 105 embodiment.      

[0064] FIG. 4A is a schematic diagram of an example circuit 400 that includes two 

memory cells 105(0) and 105(1) according to an embodiment of the disclosure.  A dashed 

line demarcates an approximate boundary of the memory cell 105.  Each of the memory 

cells 105 includes two selection components T1 and T2 and two capacitors C1 and C2.  The 

capacitors C1 and C2 of the first memory cell 105(0) may be ferroelectric capacitors.  The 

capacitors C1 and C2 of the second memory cell 105(1) may be dielectric capacitors.  The 

selection components T1 and T2 of two memory cells 105(0) and 105(1) may be transistors, 

for example, n-type field effect transistors.  In such an example, each of the memory cells 

105 includes two transistors and two capacitors (e.g., 2T2C).   
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[0082] In the illustrated embodiment the digit line BLT and BLC are in a common 

horizontal plane as one another.  An axis 159 extending through the digit lines BLT and BLC 

may be considered to define a mirror plane. The memory cell 105(1) may be considered to 

be a substantially mirror image of the memory cell 105(0) across the mirror plane. The term 

“substantially mirror image” is utilized to indicate that the memory cell 105(1) may be a mirror 

image of the memory cell 105(0) to within reasonable tolerances of fabrication and 

measurement. 

[0083] FIG. 5A is a schematic diagram of an example circuit 500 that includes four 

memory cells 105(0)-105(3) according to an embodiment of the disclosure.  FIG. 5B shows a 

portion of a memory array 10 including the example circuit 500 of FIG. 5A according to an 

embodiment of the disclosure.  The example circuit 500 of FIG. 5A and FIG. 5B includes two 

of the example circuits 400 of FIG. 4A and FIG. 4B arranged in a stacked configuration.  A 

dashed line demarcates an approximate boundary of the memory cell 105.  Each of the 

memory cells 105 includes two selection components T1 and T2 and two capacitors C1 and 

C2.  The capacitors C1 and C2 of the first and third memory cells 105(0) and 105(2) may be 

ferroelectric capacitors.  The capacitors C1 and C2 of the second and fourth memory cells 

105(1) and 105(3) may be dielectric capacitors.  The selection components T1 and T2 of 

four memory cells 105(0)-105(3) may be transistors, for example, n-type field effect 

transistors.  In such an example, each of the memory cells 105 includes two transistors and 

two capacitors (e.g., 2T2C).  The memory cells 105(0) and 105(1) may operate as described 

above in connection with FIG. 4A and FIG. 4B.  Similarly, the memory cells 105(2) and 

105(3) may operate as described above in connection with FIG. 4A and FIG. 4B.  The 

stacked configuration of the example circuit 500 may include an isolation layer 504 (shown in 

FIG. 5B) that includes an insulator, dielectric, or other appropriate material that functions to 

isolate memory cell 105(1) from memory cell 105(2). 

[0084] FIG. 6A is a schematic diagram of an example circuit 600 that includes four 

memory cells 105(0)-105(3) according to an embodiment of the disclosure.  A dashed line 

demarcates an approximate boundary of the memory cell 105.  Each of the memory cells 

105 includes two selection components T1 and T2 and two capacitors C1 and C2.  The 

capacitors C1 and C2 of the first and fourth memory cells 105(0) and 105(3) may be 

ferroelectric capacitors.  The capacitors C1 and C2 of the second and third memory cells 

105(1) and 105(2) may be dielectric capacitors.  The selection components T1 and T2 of 

four memory cells 105(0)-105(3) may be transistors, for example, n-type field effect 

transistors.  In such an example, each of the memory cells 105 includes two transistors and 

two capacitors (e.g., 2T2C).   
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container-shaped outer plates.  In other embodiments the second plates 116 and 122 may 

have other configurations, and the first plates 114 and 120 may also have other 

configurations. 

[0094] In the first memory cell 105(0), the first plates 114 and 120 are coupled with a 

plate line structure CPNV(0) provided above the first and second capacitors C1 and C2 of 

the memory cell 105(0).  In the fourth memory cell 105(3), the first plates 114 and 120 are 

coupled with a plate line structure CPNV(1) provided below the first and second capacitors 

C1 and C2 of the memory cell 105(3).  In the illustrated embodiment the first plates 114 and 

120 share a common composition with the plate line structures CPNV(0) and CPNV(1).  In 

other embodiments, the plate line structures CPNV(0) and CPNV(1) may comprise a 

different composition as compared to the first plates 114 and 120.  

[0095] The first and second capacitors C1 and C2 are laterally displaced relative to one 

another, and in the shown embodiment are in a same horizontal plane as one another (i.e., 

are horizontally aligned with one another).  The first transistor T1 is between the first 

capacitor C1 and the digit line BLT, and the second transistor T2 is between the second 

capacitor C2 and the digit line BLC.  In the shown embodiment the first and second 

transistors T1 and T2 are in a common horizontal plane as one another.  In the first memory 

cell 105(0), the word line WLNV(0) extends along such horizontal plane and comprises the 

gates 130 and 142 of the first and second transistors T1 and T2.  In the fourth memory cell 

105(3), the word line WLNV(1) extends along such horizontal plane and comprises the gates 

130 and 142 of the first and second transistors T1 and T2. 

[0096] In the first memory cell 105(0), a first semiconductor pillar 128 extends upwardly 

from the digit line BLT to the second plate 116 of the first capacitor C1, and the first 

transistor T1 is along such first semiconductor pillar.  A second semiconductor pillar 140 

extends upwardly from the digit line BLC to the second plate 122 of the second capacitor C2, 

and the second transistor T2 is along the second semiconductor pillar 140.  In the fourth 

memory cell 105(3), a first semiconductor pillar 128 extends downwardly from the digit line 

BLT to the second plate 116 of the first capacitor C1, and the first transistor T1 is along such 

first semiconductor pillar.  A second semiconductor pillar 140 extends downwardly from the 

digit line BLC to the second plate 122 of the second capacitor C2, and the second transistor 

T2 is along the second semiconductor pillar 140. 

[0097] In the first and fourth memory cells 105(0) and 105(3), the first transistor T1 

includes the gate dielectric material 132, and further includes the first channel region within 

the semiconductor pillar 128 and along the gate dielectric material 132, and source/drain 

regions 136 and 138 within the semiconductor pillar and on opposing sides of the channel 
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region. The source/drain region 136 is coupled with the second plate 116 of first capacitor 

C1, and the source/drain region 138 is coupled with the digit line BLT.  The second transistor 

T2 includes the gate dielectric material 144, and further includes the second channel region 

within the semiconductor pillar 140 and along the gate dielectric material 144, and 

source/drain regions 148 and 150 within the semiconductor pillar and on opposing sides of 

the channel region. The source/drain region 148 is coupled with the second plate 122 of 

second capacitor C2, and the source/drain region 150 is coupled with the digit line BLC. 

[0098] The second and third memory cells 105(1) and 105(2) each comprise first and 

second transistors T1 and T2 which are laterally displaced relative to one another.  The 

second memory cell 105(1) comprises the first capacitor C1 below the first transistor T1, and 

comprises the second capacitor C2 below the second transistor T2.  The third memory cell 

105(2) comprises the first capacitor C1 above the first transistor T1, and comprises the 

second capacitor C2 above the second transistor T2.  In the second and third memory cells 

105(1) and 105(2), the first transistor T1 is vertically displaced relative to the first capacitor 

C1 and the second transistor T2 is vertically displaced relative to the second capacitor C2.  

The first capacitor C1 comprises a first plate 115, a second plate 117, and dielectric material 

119 between the first and second plates 115 and 117.  The second capacitor C2 comprises 

a first plate 121, a second plate 123, and dielectric material 125 between the first and 

second plates 121 and 123. 

[0099] In the shown embodiment the second plates 117 and 123 are container-shaped 

outer plates, and the first plates 115 and 121 are inner plates which extend into the 

container-shaped outer plates. In other embodiments the second plates 117 and 123 may 

have other configurations, and the first plates 115 and 121 may also have other 

configurations. In one example, the first plates 115 and 121 (coupled to the plate line CPD) 

may be container-shaped and the second plates 117 (coupled to the pillar 129 including the 

source/drain region 137) and 123 (coupled to the pillar 141 including the source/drain region 

149) may be inner plates, which extend into the container-shaped outer plates. 

[00100] In the second memory cell 105(1), the first plates 115 and 121 are coupled with a 

plate line structure CPD provided below the first and second capacitors C1 and C2 of the 

memory cell 105(1).  In the third memory cell 105(2), the first plates 115 and 121 are 

coupled with a plate line structure CPD provided above the first and second capacitors C1 

and C2 of the memory cell 105(2).  In the illustrated embodiment the first plates 115 and 121 

share a common composition with the plate line structure CPD.  In other embodiments the 

plate line structure CPD may comprise a different composition as compared to the first 

plates 115 and 121.  
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reference to a 2T2C configuration.  The memory operation of FIG. 7B is similar to the 

memory operation of FIG. 7A; however, in FIG. 7B the memory operation reads and writes a 

logical “0” value.  Thus, initially, the row decoder does not apply a signal on either the WLD 

or the WLNV lines and the state of the circuit is as described above in connection with FIG. 

7A.  At time point A, the row decoder 20 provides a high voltage to the WLD so as to transfer 

the charges stored in the C1 and C2 capacitors onto the bit lines BLT and BLC.  Here, the 

BLC voltage rises by a small amount and the BLT voltage falls by a small amount due to 

DRAM memory cell storing a logical “0”.  At time point B, the sense amplifier 25 is triggered 

and the voltage on the bit line BLC is driven to a high voltage and the voltage on the bit line 

BLT is driven to a low voltage thus restoring the logical value read from the DRAM cell back 

to the DRAM cell.  At time point C, the CPNV signal line is driven to a high voltage in 

preparation for the logic value present on the bit lines BLT and BLC lines to be stored in a 

corresponding NVRAM memory cell.  At time point D, the row decoder 20 drives the WLNV 

signal line to a high voltage to store the logical “0” value represented by the low voltage on 

the bit line BLT in the C1 capacitor of the NVRAM memory cell.  At time point E, the CPNV 

signal line is driven to a low voltage so as to store the logical “1” value represented by the 

high voltage on the bit line BLC in the C2 capacitor of the NVRAM memory cell.  At time 

point F, the row decoder de-asserts the WLD and WLNV so as to decouple the bit lines BLT 

and BLC from the DRAM and NVRAM memory cells as described above in connection with 

FIG. 7A.      

[00114] FIG. 8A is a timing diagram that illustrates a memory operation that copies data 

from an NVRAM memory cell to a DRAM memory cell in accordance with an embodiment of 

the present disclosure.  By way of example and not limitation, FIG. 8A illustrates a memory 

operation that reads and writes a logical “0” value.  The memory operation of FIG. 8A may 

occur in any of the various hybrid NVRAM/DRAM structures discussed herein, but is 

illustrated in FIG. 8A with specific reference to a 2T2C configuration.   

[00115] Initially, the row decoder 20 does not apply a signal on either the WLD or the 

WLNV lines.  Thus, both the WLD and WLNV signal lines are de-asserted with voltages at a 

low level.  The C1 and C2 capacitors of the DRAM memory cell store charges that represent 

complementary logical values.  With the WLNV signal line de-asserted, the C1 and C2 

capacitors of the NVRAM memory cell are disconnected from the bit lines BLT and BLC 

such that the charges stored by the C1 and C2 capacitors remain stored in the NVRAM 

memory cell.  In the event of an NVRAM read operation, no pre-charging of the bit lines BLT 

and BLC occurs.  Thus, these signals remain at a low voltage.  In the initial state, the CPNV 

signal line is de-asserted and thus at a low voltage.   
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[00116] At time point A, the CPNV signal line is driven to a high voltage in preparation for 

the logic value stored in C1 and C2 capacitors to be read out of the NVRAM memory cell.  In 

the example of FIG. 8A, the CPNV signal is driven to VCC.  With the CPNV signal line driven 

to a high voltage, the high voltage is provided to the C1 and C2 capacitors of the NVRAM 

memory cell.  More specifically, the high voltage is provided to the first plate 114 of the C1 

capacitor and to the first plate 120 of the C2 capacitor.  

[00117] At time point B, the row decoder 20 asserts the WLNV signal line by driving this 

signal line to a high voltage.  The asserted WLNV signal line provides a high voltage to the 

gates of the T1 and T2 transistors of the NVRAM memory cell.  This gate voltage turns on 

the T1 and T2 transistors thus coupling the C1 and C2 capacitors to the bit lines BLT and 

BLC.  Here, the charges stored in the C1 and C2 capacitors are transferred out of the 

NVRAM memory cell and onto the bit lines BLT and BLC.  In the example of FIG. 8A, the 

DRAM memory cell stores a logical “0”.  Thus, when the C1 and C2 capacitors are coupled 

to the bit lines BLT and BLC through the T1 and T2 transistors, the BLT voltage rises above 

ground by a small amount and the BLC voltage rises above ground by a larger amount as 

compared to the voltage rise on the BLT line.   

[00118] At time point C, the sense amplifier 25 is triggered by the difference between the 

voltages on the bit lines BLT and BLC. Through the operation of the sense amplifier 25, the 

small voltage difference on the bit line BLT and BLC is amplified.  Here, the voltage on the 

bit line BLC, which at first rose by a larger amount than that of the bit line BLT, is driven by 

the sense amplifier 25 to a high voltage.  In the example of FIG. 8A, the sense amplifier 25 

drives the BLC signal line to VCC.  Additionally, the voltage on the bit line BLT, which at first 

fell by a small amount, is driven by the sense amplifier 25 to a low voltage.  In the example 

of FIG. 8A, the sense amplifier 25 drives the BLT signal line to ground.  Following time point 

C, the BLC signal line remains at a high voltage and the BLT signal remains at a low voltage 

through the operation of the sense amplifier 25.   

[00119] The sense amplifier 25 driving the bit lines BLC and BLT to a high and low 

voltage respectively restores the logical value read from the NVRAM cell back to the 

NVRAM cell.  With the voltage of the CPNV line at a high level, a voltage differential exists 

between the CPNV line and the bit line BLT.  Through this voltage differential and the 

operation of the T1 transistor, the polarization of the ferroelectric material 118 between the 

first and second plates 114 and 116 is driven to a low level.  In this way, the logical “0” value 

represented by the low voltage on the bit line BLT is restored to the C1 capacitor of the 

NVRAM memory cell.  With the voltage of the CPNV line at a high level, no voltage 

differential exits between the CPNV line and the bit line BLC.  Thus, no charge is restored to 

the C2 capacitor at this time.   
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[00120] At time point D, the CPNV signal line is driven to a low voltage.  In the example of 

FIG. 8A, the CPNV signal is driven to ground.  The row decoder 20 continues to assert the 

WLNV signal line by driving this signal line to a high voltage.  With the CPNV signal line 

driven low and the WLNV signal driven high, the low voltage of the CPNV signal is provided 

to the C1 and C2 capacitors of the NVRAM memory cell.  More specifically, the low voltage 

is provided to the first plate 114 of the C1 capacitor and to the first plate 120 of the C2 

capacitor.  The asserted WLNV signal line continues to provide a high voltage to the gates of 

the T1 and T2 transistors of the NVRAM memory cell.  As mentioned, this gate voltage turns 

on the T1 and T2 transistors thus coupling the C1 and C2 capacitors to the bit lines BLT and 

BLC.  The BLC signal line remains at a high voltage and the BLT signal remains at a low 

voltage through the operation of the sense amplifier 25.  With the voltage of the CPNV line at 

a low level, a voltage differential exists between the CPNV line and the bit line BLC.  

Through this voltage differential and the operation of the T2 transistor, the polarization of the 

ferroelectric material 124 between the first and second plates 120 and 122 is driven to a high 

level.  In this way, the logical “1” value represented by the high voltage on the bit line BLC is 

restored in the C2 capacitor of the NVRAM memory cell.  With the voltage of the CPNV line 

at a low level, no voltage differential exits between the CPNV line and the bit line BLT.  Here, 

the logic state previously restored to the C1 capacitor remains stored.    

[00121] The sense amplifier 25 driving the bit lines BLT and BLC also provides the logical 

value read from the NVRAM memory cell to another location.  In the example of FIG. 8A, the 

logical value read from the NVRAM memory cell is provided to a corresponding DRAM 

memory cell.  Thus, at time point E, the row decoder 20 asserts the WLD signal line by 

driving this signal line to a high voltage.  The asserted WLD signal line provides a high 

voltage to the gates of the T1 and T2 transistors of the DRAM memory cell.  This gate 

voltage turns on the T1 and T2 transistors of the DRAM memory cell thus coupling the C1 

and C2 capacitors to the bit lines BLT and BLC.  

[00122] At time point F, the row decoder de-asserts the WLD and WLNV signals by 

driving these signals to a low voltage.  The de-asserted WLNV signal line provides a low 

voltage to the gates of the T1 and T2 transistors of the NVRAM memory cell.  This gate 

voltage turns off the T1 and T2 transistors thus decoupling the C1 and C2 capacitors of the 

NVRAM cell from the bit lines BLT and BLC.  Here, the charges restored to the C1 and C2 

capacitors through the operation of the sense amplifier 25 remain stored in the NVRAM 

memory cell.  The de-asserted WLD signal line provides a low voltage to the gates of the T1 

and T2 transistors of the DRAM memory cell.  This gate voltage turns off the T1 and T2 

transistors thus decoupling the C1 and C2 capacitors of the DRAM cell from the bit lines BLT 

and BLC.  Here, the charges stored to the C1 and C2 capacitors through the operation of the 
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sense amplifier 25 remain stored in the DRAM memory cell.  With the bit lines BLT and BLC 

de-coupled from the DRAM and NVRAM cells, these signal lines return to a low voltage.        

[00123] FIG. 8B is a timing diagram that illustrates a memory operation that copies data 

from an NVRAM memory cell to a DRAM memory cell in accordance with an embodiment of 

the present disclosure.  The memory operation of FIG. 8B may occur in any of the various 

hybrid NVRAM/DRAM structures discussed herein, but is illustrated in FIG. 8B with specific 

reference to a 2T2C configuration.  By way of example and not limitation, FIG. 8B illustrates 

a memory operation that reads and writes a logical “1” value.  The memory operation of FIG. 

8B is similar to the memory operation of FIG. 8A; however, in FIG. 8B the memory operation 

reads and writes a logical “1” value.  Thus, initially, the row decoder does not apply a signal 

on either the WLD or the WLNV lines and the state of the circuit is as described above in 

connection with FIG. 8A.  At time point A, the CPNV signal line is driven to a high voltage in 

preparation for the logic value stored in the C1 and C2 capacitors to be read out of the 

NVRAM memory cell.  At time point B, the row decoder 20 provides a high voltage to the 

WLNV so as to transfer the charges stored in the C1 and C2 capacitors onto the bit lines 

BLT and BLC.  Here, the BLC voltage rises above ground by a small amount and the BLT 

voltage rises above ground by a larger amount as compared to the voltage rise on the BLC 

line.  At time point C, the sense amplifier 25 is triggered and the voltage on the bit line BLT is 

driven to a high voltage and the voltage on the bit line BLC is driven to a low voltage.  With 

the CPNV line at a high voltage, the logical “0” represented by the low voltage on the BLC 

line is restored to the C2 capacitor of the NVRAM memory cell.  At time point D, the CPNV 

signal line is driven to a low voltage and the logical “1” represented by the high voltage on 

the BLT line is restored to the C1 capacitor of the NVRAM memory cell.  At time point E, the 

row decoder 20 drives the WLD to a high voltage so as to store the logical value read from 

the NVRAM cell in the DRAM cell.   

[00124] FIG. 9A is a schematic diagram of an example circuit 900 that includes two 

memory cells 105(0) and 105(1) according to an embodiment of the disclosure.  A dashed 

line demarcates an approximate boundary of the memory cell 105.  Each of the memory 

cells 105 includes one selection components T1 and one capacitor C1.  The capacitor C1 of 

the first memory cell 105(0) may be a ferroelectric capacitor.  The capacitor C1 of the 

second memory cell 105(1) may be a dielectric capacitor.  The selection components T1 of 

the two memory cells 105(0) and 105(1) may be transistors, for example, n-type field effect 

transistors.  In such an example, each of the memory cells 105 includes one transistor and 

one capacitor (e.g., 1T1C).   

[00125] Operation of the selection components T1 is controlled by applying voltages to 

the transistor gates.  A respective word line may activate the selection components.  
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essentially of, or consist of monocrystalline silicon. The base may be referred to as a 

semiconductor substrate. The term "semiconductor substrate" means any construction 

comprising semiconductive material, including, but not limited to, bulk semiconductive 

materials such as a semiconductive wafer (either alone or in assemblies comprising other 

materials), and semiconductive material layers (either alone or in assemblies comprising 

other materials).  The term "substrate" refers to any supporting structure, including, but not 

limited to, the semiconductor substrates described above. In some applications the base 

may correspond to a semiconductor substrate containing one or more materials associated 

with integrated circuit fabrication. Such materials may include, for example, one or more of 

refractory metal materials, barrier materials, diffusion materials, insulator materials, etc.    

[00130] The memory cells 105(0) and 105(1) are in a common column as one another 

within the memory array.  The digit line BLT is between the memory cells 105(0) and 105(1), 

and extends in and out of the page relative to the cross-section of FIG. 9C.  The digit line 

BLT may be coupled with a sense component 25 of the type previously described with 

reference to FIGS. 1, 2A and 2B.  The digit line BLT is shared by the memory cells 105(0) 

and 105(1). 

[00131] The memory cell 105(0) comprises a first transistor T1. The memory cell 105(0) 

comprises the first capacitor C1 above the first transistor T1.  The first transistor T1 is 

vertically displaced relative to the first capacitor C1.  The first capacitor C1 comprises a first 

plate 114, a second plate 116, and ferroelectric material 118 between the first and second 

plates 114 and 116.  In the shown embodiment the second plate 116 is a container-shaped 

outer plate, and the first plate 114 is an inner plate which extends into the container-shaped 

outer plate.  In other embodiments the second plate 116 may have other configurations, and 

the first plate 114 may also have other configurations. 

[00132] The first plate 114 is coupled with a plate line structure CPNV(0) provided above 

the first capacitor C1 of the memory cell 105(0).  In the illustrated embodiment, the first plate 

114 share a common composition with the plate line structure CPNV(0).  In other 

embodiments, the plate line structure CPNV(0) may comprise a different composition as 

compared to the first plate 114.  

[00133] The first transistor T1 is between the first capacitor C1 and the digit line BLT.  In 

the shown embodiment, the word line WLNV(0) extends along a horizontal plane and 

comprises the gate 130 of the first transistors T1.  A first semiconductor pillar 128 extends 

upwardly from the digit line BLT to the second plate 116 of the first capacitor C1, and the first 

transistor T1 is along such first semiconductor pillar.   



34 

[00134] The first transistor T1 includes the gate dielectric material 132, and further 

includes the first channel region within the semiconductor pillar 128 and along the gate 

dielectric material 132, and source/drain regions 136 and 138 within the semiconductor pillar 

and on opposing sides of the channel region. The source/drain region 136 is coupled with 

the second plate 116 of first capacitor C1, and the source/drain region 138 is coupled with 

the digit line BLT.   

[00135] The memory cell 105(1) comprises the first capacitor C1 below the first transistor 

T1.  The first transistor T1 is vertically displaced relative to the first capacitor C1.  The first 

capacitor C1 comprises a first plate 115, a second plate 117, and dielectric material 119 

between the first and second plates 115 and 117.  

[00136] In the shown embodiment, the second plate 117 is a container-shaped outer 

plate, and the first plate 115 is an inner plate which extend into the container-shaped outer 

plate.  In other embodiments, the second plate 117 may have other configurations, and the 

first plate 115 may also have other configurations. In one example, the first plates 115 and 

121 (coupled to the plate line CPD) may be container-shaped and the second plates 117 

(coupled to the pillar 129 including the source/drain region 137) and 123 (coupled to the 

pillar 141 including the source/drain region 149) may be inner plates, which extend into the 

container-shaped outer plates. 

[00137] The first plate 115 is coupled with a plate line structure CPD provided below the 

first capacitor C1 of the memory cell 105(1).  In the illustrated embodiment, the first plate 115 

share a common composition with the plate line structure CPD.  In other embodiments, the 

plate line structure CPD may comprise a different composition as compared to the first plate 

115.  

[00138] The first transistor T1 is between the first capacitor C1 and the digit line BLT.  In 

the shown embodiment, the word line WLD(0) extends along a horizontal plane and 

comprises the gate 131 of the first transistors T1.  A first semiconductor pillar 129 extends 

downwardly from the digit line BLT to the second plate 117 of the first capacitor C1, and the 

first transistor T1 is along such first semiconductor pillar.   

[00139] The first transistor T1 includes the gate dielectric material 133, and further 

includes the first channel region within the semiconductor pillar 129 and along the gate 

dielectric material 133, and source/drain regions 137 and 139 within the semiconductor pillar 

and on opposing sides of the channel region. The source/drain region 137 is coupled with 

the second plate 117 of first capacitor C1, and the source/drain region 139 is coupled with 

the digit line BLT.   
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[00148] At time point F, the row decoder de-asserts the WLD and WLNV signals by 

driving these signals to a low voltage.  The de-asserted WLD signal line provides a low 

voltage to the gates of the T1 transistor of the DRAM memory cell.  This gate voltage turns 

off the T1 transistor thus decoupling the C1 capacitor of the DRAM cell from the bit line BLT.  

Here, the charge restored to the C1 capacitor of the DRAM memory cell through the 

operation of the sense amplifier 25 remains stored in the DRAM memory cell.  The de-

asserted WLNV signal line provides a low voltage to the gate of the T1 transistor of the 

NVRAM memory cell.  This gate voltage turns off the T1 transistor thus decoupling the C1 

capacitor of the NVRAM cell from the bit line BLT.  Here, the charge stored to the C1 

capacitor to the NVRAM memory cell through the operation of the sense amplifier 25 

remains stored in the NVRAM memory cell.  With the bit line BLT de-coupled from the 

DRAM and NVRAM cells, these signal lines return to their initial states.  In the event that the 

next memory operation is a DRAM access, the bit lines BLT and BLC may be pre-charged to 

an intermediate voltage.      

[00149] FIG. 10B is a timing diagram that illustrates a memory operation that copies data 

from a DRAM memory cell to an NVRAM memory cell in accordance with an embodiment of 

the present disclosure.  The memory operation of FIG. 10B may occur in any of the various 

hybrid NVRAM/DRAM structures discussed herein, but is illustrated in FIG. 10B with specific 

reference to a 1T1C configuration.  The memory operation of FIG. 10B is similar to the 

memory operation of FIG. 10A; however, in FIG. 10B the memory operation reads and writes 

a logical “0” value.  Thus, initially, the row decoder does not apply a signal on either the WLD 

or the WLNV lines and the state of the circuit is as described above in connection with FIG. 

10A.  At time point A, the row decoder 20 provides a high voltage to the WLD so as to 

transfer the charges stored in the C1 capacitor onto the bit line BLT.  Here, the BLC voltage 

remains at a reference voltage and the BLT voltage falls by a small amount due to DRAM 

memory cell storing a logical “0”.  At time point B, the sense amplifier 25 is triggered and the 

voltage on the bit line BLC is driven to a high voltage and the voltage on the bit line BLT is 

driven to a low voltage thus restoring the logical value read from the DRAM cell back to the 

DRAM cell.  At time point C, the CPNV signal line is driven to a high voltage in preparation 

for the logic value present on the bit line BLT line to be stored in a corresponding NVRAM 

memory cell.  At time point D, the row decoder 20 drives the WLNV signal line to a high 

voltage to store the logical “0” value represented by the low voltage on the bit line BLT in the 

C1 capacitor of the NVRAM memory cell.  At time point E, the CPNV signal line is driven to a 

low voltage.  At time point F, the row decoder de-asserts the WLD and WLNV so as to 

decouple the bit line BLT from the DRAM and NVRAM memory cells as described above in 

connection with FIG. 10A.      
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[00150] FIG. 11A is a timing diagram that illustrates a memory operation that copies data 

from an NVRAM memory cell to a DRAM memory cell in accordance with an embodiment of 

the present disclosure.  By way of example and not limitation, FIG. 11A illustrates a memory 

operation that reads and writes a logical “0” value.  The memory operation of FIG. 11A may 

occur in any of the various hybrid NVRAM/DRAM structures discussed herein, but is 

illustrated in FIG. 11A with specific reference to a 1T1C configuration.   

[00151] Initially, the row decoder 20 does not apply a signal on either the WLD or the 

WLNV lines.  Thus, both the WLD and WLNV signal lines are de-asserted with voltages at a 

low level.  The C1 capacitor of the DRAM memory cell stores a charge that represents a 

logical value.  With the WLNV signal line de-asserted, the C1 capacitor of the NVRAM 

memory cell is disconnected from the bit line BLT such that the charge stored by the C1 

capacitor remains stored in the NVRAM memory cell.  In the event of an NVRAM read 

operation, no pre-charging of the bit lines BLT and BLC occurs.  Thus, these signals remain 

at a low voltage.  In the initial state, the CPNV signal line is de-asserted and thus at a low 

voltage.   

[00152] At time point A, the CPNV signal line is driven to a high voltage in preparation for 

the logic value stored in the C1 capacitor to be read out of the NVRAM memory cell.  In the 

example of FIG. 11A, the CPNV signal is driven to VCC.  With the CPNV signal line driven to 

a high voltage, the high voltage is provided to the C1 capacitor of the NVRAM memory cell.  

More specifically, the high voltage is provided to the first plate 114 of the C1 capacitor.  

[00153] At time point B, the row decoder 20 asserts the WLNV signal line by driving this 

signal line to a high voltage.  The asserted WLNV signal line provides a high voltage to the 

gate of the T1 transistor of the NVRAM memory cell.  This gate voltage turns on the T1 

transistor thus coupling the C1 capacitor to the bit line BLT.  Here, the charge stored in the 

C1 capacitor is transferred out of the NVRAM memory cell and onto the bit line BLT.  In the 

example of FIG. 11A, the DRAM memory cell stores a logical “0”.  Thus, when the C1 

capacitor is coupled to the bit line BLT through the T1 transistor, the BLT voltage rises above 

ground by a small amount and the BLC voltage rises to a reference voltage that is greater 

than the voltage rise on the BLT line.   

[00154] At time point C, the sense amplifier 25 is triggered by the difference between the 

voltages on the bit lines BLT and BLC. Through the operation of the sense amplifier 25, the 

small voltage difference on the bit lines BLT and BLC is amplified.  Here, the voltage on the 

bit line BLC, which at first rose by a larger amount than that of the bit line BLT, is driven by 

the sense amplifier 25 to a high voltage.  In the example of FIG. 11A, the sense amplifier 25 

drives the BLC signal line to VCC.  Additionally, the voltage on the bit line BLT, which at first 
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rose by a small amount, is driven by the sense amplifier 25 to a low voltage.  In the example 

of FIG. 11A, the sense amplifier 25 drives the BLT signal line to ground.  Following time 

point C, the BLC signal line remains at a high voltage and the BLT signal remains at a low 

voltage through the operation of the sense amplifier 25.   

[00155] The sense amplifier 25 driving the bit lines BLC and BLT to a high and low 

voltage respectively restores the logical value read from the NVRAM cell back to the 

NVRAM cell.  With the voltage of the CPNV line at a high level, a voltage differential exists 

between the CPNV line and the bit line BLT.  Through this voltage differential and the 

operation of the T1 transistor, the polarization of the ferroelectric material 118 between the 

first and second plates 114 and 116 is driven to a low level.  In this way, the logical “0” value 

represented by the low voltage on the bit line BLT is restored to the C1 capacitor of the 

NVRAM memory cell.   

[00156] At time point D, the CPNV signal line is driven to a low voltage.  In the example of 

FIG. 11A, the CPNV signal is driven to ground.  The row decoder 20 continues to assert the 

WLNV signal line by driving this signal line to a high voltage.  With the CPNV signal line 

driven low and the WLNV signal driven high, the low voltage of the CPNV signal is provided 

to the C1 capacitor of the NVRAM memory cell.  More specifically, the low voltage is 

provided to the first plate 114 of the C1 capacitor.  The asserted WLNV signal line continues 

to provide a high voltage to the gate of the T1 transistor of the NVRAM memory cell.  As 

mentioned, this gate voltage turns on the T1 transistor thus coupling the C1 capacitor to the 

bit line BLT.  The BLC signal line remains at a high voltage and the BLT signal remains at a 

low voltage through the operation of the sense amplifier 25.  With the voltage of the CPNV 

line at a low level, no voltage differential exits between the CPNV line and the bit line BLT.  

Here, the logic state previously restored to the C1 capacitor remains stored.    

[00157] The sense amplifier 25 driving the bit lines BLT and BLC also provides the logical 

value read from the NVRAM memory cell to another location.  In the example of FIG. 11A, 

the logical value read from the NVRAM memory cell is provided to a corresponding DRAM 

memory cell.  Thus, at time point E, the row decoder 20 asserts the WLD signal line by 

driving this signal line to a high voltage.  The asserted WLD signal line provides a high 

voltage to the gate of the T1 transistor of the DRAM memory cell.  This gate voltage turns on 

the T1 transistor of the DRAM memory cell thus coupling the C1 capacitor to the bit line BLT.  

[00158] At time point F, the row decoder de-asserts the WLD and WLNV signals by 

driving these signals to a low voltage.  The de-asserted WLNV signal line provides a low 

voltage to the gate of the T1 transistor of the NVRAM memory cell.  This gate voltage turns 

off the T1 transistor thus decoupling the C1 capacitor of the NVRAM cell from the bit line 
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BLT.  Here, the charge restored to the C1 capacitor through the operation of the sense 

amplifier 25 remains stored in the NVRAM memory cell.  The de-asserted WLD signal line 

provides a low voltage to the gate of the T1 transistor of the DRAM memory cell.  This gate 

voltage turns off the T1 transistor thus decoupling the C1 capacitor of the DRAM cell from 

the bit line BLT.  Here, the charge stored to the C1 capacitor through the operation of the 

sense amplifier 25 remains stored in the DRAM memory cell.  With the bit lines BLT and 

BLC de-coupled from the DRAM and NVRAM cells, these signal lines return to a low 

voltage.        

[00159] FIG. 11B is a timing diagram that illustrates a memory operation that copies data 

from an NVRAM memory cell to a DRAM memory cell in accordance with an embodiment of 

the present disclosure.  The memory operation of FIG. 11B may occur in any of the various 

hybrid NVRAM/DRAM structures discussed herein, but is illustrated in FIG. 11B with specific 

reference to a 1T1C configuration.  By way of example and not limitation, FIG. 11B illustrates 

a memory operation that reads and writes a logical “1” value.  The memory operation of FIG. 

11B is similar to the memory operation of FIG. 11A; however, in FIG. 11B the memory 

operation reads and writes a logical “1” value.  Thus, initially, the row decoder does not apply 

a signal on either the WLD or the WLNV lines and the state of the circuit is as described 

above in connection with FIG. 11A.  At time point A, the CPNV signal line is driven to a high 

voltage in preparation for the logic value stored in the C1 capacitor to be read out of the 

NVRAM memory cell.  At time point B, the row decoder 20 provides a high voltage to the 

WLNV so as to transfer the charge stored in the C1 capacitor onto the bit line BLT.  Here, 

the BLC voltage rises above ground to a reference voltage and the BLT voltage rises above 

ground by a larger amount as compared to the voltage rise on the BLC line.  At time point C, 

the sense amplifier 25 is triggered and the voltage on the bit line BLC is driven to a low 

voltage and the voltage on the bit line BLT is driven to a high voltage.  At time point D, the 

CPNV signal line is driven to a low voltage and the logical “1” represented by the high 

voltage on the BLT line is restored to the C1 capacitor of the NVRAM memory cell.  At time 

point E, the row decoder 20 drives the WLD to a high voltage so as to store the logical value 

read from the NVRAM cell in the DRAM cell.   

[00160] Although the memory cells 105 are shown vertically stacked in FIGS. 4B, 5B, 6B, 

and 9B, in some embodiments of the present disclosure, a single layer of memory cells 105 

is included in a memory array.  For example, in some embodiments a memory array includes 

a single layer of memory cells 105, without memory cells 105 stacked thereon.  FIG. 12 

illustrates an example circuit 1200 that includes such a planar arrangement.  The example 

circuit 1200 includes a column of memory cells 105 according to an embodiment of the 

present disclosure.  The example circuit 1200 includes DRAM memory cells 1204 and 
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[00169] Memory controller 40 may include biasing component 1305 and timing 

component 1310, and may operate memory array 10 as described in FIG. 1.  Memory 

controller 40 may be in electronic communication with word lines 12, capacitor plate bias 

lines 14, digit lines 15, and sense component 25, which may be examples of word line 12, 

plate lines (CPD or CPNV), digit line 15, and sense component 25 described with reference 

to FIGS. 1-12. The components of memory array 10 may be in electronic communication 

with each other and may perform the functions described with reference to FIGS. 1-13.   

[00170] Memory controller 40 may be configured to activate word lines 12 or digit lines 15 

by applying voltages to the word and digit lines.  For example, biasing component 1305 may 

be configured to apply a voltage to operate memory cell 105 to read or write memory cell 

105 as described above.  In some cases, memory controller 40 may include a row decoder, 

column decoder, or both, as described with reference to FIG. 1.  This may enable memory 

controller 40 to access one or more memory cells 105.  Biasing component 1305 may also 

provide voltage potentials for the operation of sense component 25.  

[00171] Memory controller 40 may further determine a logic state of the ferroelectric 

and/or dielectric memory cell 105 based on activating sense component 25, and write the 

logic state of the ferroelectric memory cell 105 back to the ferroelectric memory cell 105. 

[00172] In some cases, memory controller 40 may perform its operations using timing 

component 1310.  For example, timing component 1310 may control the timing of the 

various word line selections or plate line biasing, including timing for switching and voltage 

application to perform the memory functions, such as reading and writing, discussed herein.  

In some cases, timing component 1310 may control the operations of biasing component 

1305.  For example, the memory controller 40 may control the biasing component 1305 to 

provide a read voltage VREAD to the plate line CP to change the voltage of the memory cell, 

the digit lines BLT and BLC, and sense node A and sense node B of sense component 25. 

Following the biasing of the plate line CP, the memory controller 40 may control the sensing 

component 25 to compare the voltage of sense node A to the voltage of sense node B.    

[00173] Upon determining and amplifying the voltage difference, the sense component 25 

may latch the state, where it may be used in accordance with the operations of an electronic 

device that memory array 10 is a part.   

[00174] FIG. 14 illustrates a system 1400 that supports a ferroelectric memory in 

accordance with various embodiments of the present disclosure.  System 1400 includes a 

device 1405, which may be or include a printed circuit board to connect or physically support 

various components.  Device 1405 may be a computer, notebook computer, laptop, tablet 

computer, mobile phone, or the like.  Device 1405 includes a memory array 10, which may 




















