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DIFFERENTIAL SENSE AMPLIFIER WITHOUT DEDICATED PRECHARGE 

TRANSISTORS 

FIELD OF THE INVENTSON 

The invention generally relates to semiconductor memories, and more 

particularly to a sense amplifier for sensing data stored in a plurality of memory 

cells of a memory cell array. 

BACKGROUND OF THE INVENTION 

Semiconductor memories are used in computers, servers, handheld devices 

such as cell phones etc., printers, and many further electronic devices and 

applications. A semiconductor memory comprises a plurality of memory celts in a 

memory array, each memory cell storing at least a bit of information. Dynamic 

Random Access Memories (DRAMs) are an example of such semiconductor memories. 

The present invention is preferably embodied with DRAMs. As a consequence, the 

following description is done with reference to a DRAM as a non limiting example. 

A sense amplifier is used to address a plurality of memory cells via a line, a 

so-called bit line. The conventional sense amplifier is more specifically a 

differential amplifier operating with a bit line and a complementary bit line which 

is used as a reference line, to detect and amplify the difference in voltage on the 

pair of bit lines. 

As illustrated in Fig. 1, a conventional sense amplifier circuit comprises 

eleven transistors T21, T22, T31, T32, T10, T40, T50, T61, T62, T72, T71 fabricated 

in bulk silicon CMOS technology. 

A sense amplifier is used for sensing and writing-back data stored in memory 

cells, as well as reading said data and writing new data into the cells. A memory 

cell C is addressed by a word line WL that controls the gate of a cell access 

transistor Mc, said cell access transistor Mc connecting the cell C to a bit line BL. 

For reasons of simplicity, only one word line WL and one memory cell C are shown 

from the cell array on the left hand side of the sense amplifier. 

A conventional sense amplifier generally comprises: 

- a first CMOS inverter having an output connected to the bit line BL and an 

input connected to the complementary bit line /BL, 

- a second CMOS inverter having an output connected to the complementary 

bit line /BL and an input connected to the bit line BL, 

each CMOS inverter comprising : 

- a pull-up transistor T21, T22 having a drain and a source, and 



- a pull-down transistor T31, T32 having a drain and a source, 

the pull-up transistor T21, T22 and the pull-down transistor T31, T32 of each CMOS 

inverter having a common drain. 

The sources of the pull-down transistors T31, T32 are connected to a foot 

5 switch transistor T4G, which is itself connected to a pull-down voltage source 

providing a low supply voltage usually at a low voltage level VBLL referred to 

as ground GND, and controlled by a foot switch control signal <|>NSW. The ground 

level of the low supply voltage V^uppsy is used as a reference for the other voltage 

levels in the sense amplifier. In the circuit illustrated by Fig. 1, the foot switch 

10 transistor T40 is an N-MOS transistor. When the foot switch control signal <f>Nsw is 

high, the foot switch transistor T40 is conducting, and the ground voltage is 

transmitted to the common source node of the pull-down transistors T31, T32. 

When the foot switch control signal <|)NSW is low, the foot switch transistor T40 is 

blocked and the common source node of the pull-down transistors T31, T32 is not 

15 pulled down. 

The sources of the pull-up transistors T21, T22 are connected to a head 

switch transistor T10, which is itself connected to a pull-up voltage source 

providing a high supply voltage VHsuppiy usually at a high voltage level VBLH such as 

VDD, and controlled by a head switch control signal t^psw- in the circuit illustrated 

20 by Fig. 1, the head switch transistor T10 is a P-MOS transistor. When the head 

switch control signal <j>psw is low, the head switch transistor T10 is conducting and 

the high supply voltage V^^ty is transmitted to the sources of the pull-up 

transistors T21, T22. When the control signal <f>psw is high, the head switch 

transistor T10 is blocked and the common source node of the pull-up transistors T21, 

25 T22 is not pulled up, i.e. the voltage of the common source node of the pull-up 

transistors T21, T22 is floating. 

When both head and foot switch transistors T10 and T40 are turned off, i.e. 

the head switch control signal <j>psw is high and the foot switch control signal <J>Nsw is 

low, all nodes in the sense amplifier are floating. 

30 The sense amplifier further comprises a pair of dedicated precharge 

transistors T61, T62 respectively coupled to the bit line BL and to the 

complementary bit line /BL and arranged to precharge the bit lines BL, /BL to a 

precharge voltage VpCH, usually at the mean value between the high supply voltage 

VHsuppiy and the low supply voltage Vuuppiy This mean value is usually half the high 

35 supply voltage VHSuppiyhigh value, i.e. VBLH/2, since the low voltage level VBu of the 
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low supply voltage is used as a reference for the other voltages, i.e. VBLL = 0, 

and the high supply voltage VHSuppiy and the low supply voltage VLsuppty are usually 

then at their high and low voltage level, respectively. A precharge control signal 

<j)pcH is applied to the gates of said precharge transistors 161, T62. 

5 The sense amplifier further comprises an equalization transistor T50 having 

its source/drain terminals respectively coupled to one of bit lines BL, /BL and 

having its gate controlled by an equalization control signal §EQL- The equalization 

transistor T50 of the circuit illustrated in Fig. 1 is an N-MOS type transistor. 

The sense amplifier further comprises two dedicated pass-gate transistors 

10 T71, T72, the gates of which are controlled by a decoding control signal YDEC- Each 

of the pass-gate transistors T71, T72 connects one of the bit lines BL, /BL to a 

global bit line iO, /lO, also called in-out line. The pass-gate transistors T71, T72 are 

used to transfer data between the bit lines BL, /BL and the global bit lines IO, /IO. 

Although sense amplifiers are technically necessary, from an economical 

15 point of view the sense amplifiers can be considered as service circuits of the 

memory array and therefore as overhead that increases the area of the entire 

circuit and thus also its cost of fabrication. 

Therefore, continuous efforts are made to minimize the area consumption 

of such sense amplifiers. 

20 

SHORT DESCRIPTION OF THE INVENTION 

According to a first aspect of the present invention, there is provided a 

differential sense amplifier for sensing data stored in a plurality of memory cells of 

a memory cell array, including: 

25 - a first CMOS inverter having an output connected to a first bit line and an 

input connected to a second bit line complementary to the first bit line, 

- a second CMOS inverter having an output connected to the second bit Line and 

an input connected to the first bit line, 

each CMOS inverter comprising : 

30 - a pull-up transistor having a drain and a source, and 

- a pull-down transistor having a drain and a source, 

the pull-up transistor and the pull-down transistor of each CMOS inverter 

having a common drain, 

said sense amplifier having a pair of precharge transistors arranged to be 

35 respectively coupled to said first and second bit lines, so as to precharge said 
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first and second bit lines to a precharge voltage, wherein said precharge 

transistors are constituted by the pull-up transistors or by the pull-down 

transistors. 

Preferred, although non limitative, embodiments of this sense amplifier are 

5 as follows: 

- the pull-up and the pull-down transistors are multigate transistors having at least 

a first control gate and a second control gate, and wherein 

o the second control gates of the pull-up transistors are driven by a pull-up 

second control signal, 

10 o the second control gates of the pull-down transistors are driven by a 

pull-down second control signal; 

- the differential sense amplifier is made on a semiconductor-on-insulator substrate 

comprising a thin layer of semiconducting material separated from a base substrate 

by an insulating layer, and wherein the second control gates are back control gates 

15 formed in the base substrate below the insulating layer; or 

- the transistors are FinFET devices with independent double gates; 

- the sense amplifier further comprises an equalization transistor having a source 

and a drain respectively coupled to one of the first and second bit lines: 

- the equalization transistor is a multigate transistor having at least a first control 

20 gate and a second control gate connected together; 

- the equalization transistor is a P-MOS type transistor physically arranged between 

the pull-up transistors; 

- the sources of the pull-down transistors are electrically coupled and connected to 

a pull-down voltage source, without an intermediate transistor between the 

25 sources of the pull-down transistors and the pull-down voltage source, or the 

sources of the pull-up transistors are electrically coupled and connected to a pull-

up voltage source, without an intermediate transistor between the sources of the 

pull-up transistors and the pull-up voltage source; 

- the sense amplifier further comprises a pair of pass-gate transistors arranged to 

30 connect said first and second bit lines to a first and a second global bit lines, so as 

to transfer data between the first and the second bit lines and the first and the 

second global bit lines, respectively, wherein the pass-gate transistors are 

multigate transistors having at least a first control gate and a second control gate 

connected together; or 

35 - the sense amplifier has a pair of pass-gate transistors arranged to connect said 

first and second bit lines to a first and a second global bit lines, respectively, so as 
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to transfer data between the first and the second bit lines and the first and the 

second global bit lines, respectively, wherein 

o the pass-gate transistors are constituted by the pull-up transistors 

and 

5 o the sources of the pull-down transistors are electrically coupled 

and connected to a pull-down voltage source, without an 

intermediate transistor between the sources of the pull-down 

transistors and the pull-down voltage source; or 

- the sense amplifier has a pair of pass-gate transistors arranged to connect said 

10 first and second bit lines to a first and a second global bit lines, respectively, so as 

to transfer data between the first and the second bit lines and the first and the 

second global bit lines, respectively, wherein 

o the pass-gate transistors are constituted by the pull-down 

transistors and 

15 o the sources of the pull-up transistors are electrically coupled and 

connected to a pull-up voltage source, without an intermediate 

transistor between the sources of the pull-up transistors and the 

pull-up voltage source. 

20 According to a second aspect of the invention, there is provided a method 

for controlling a differential sense amplifier according to the first aspect of the 

invention to perform operations for pre-charging the bit lines, sensing and 

writing-back data stored in a plurality of memory cells of a memory cell array, 

wherein to modify the operation performed by the differential sense amplifier, 

25 the pull-up second control signal and/or the pull-down second control signal are 

modified. 

Preferred, although non limitative, embodiments of the method are as 

follows: 

- during a precharge operation, a low pull-up second control signal is applied to 

30 the second control gates of the pull-up transistors so that the pull-up transistors 

are conducting and a low pull-down second control signal is applied to the second 

control gates of the pull-down transistors so that the pull-down transistors are not 

conducting; or 

- during a precharge operation, a high pull-up second control signal is applied to 

35 the second control gates of the pull-up transistors so that the pull-up transistors 

are not conducting and a high pull-down second control signal is applied to the 
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second control gates of the pull-down transistors so that the pull-down transistors 

are conducting; 

- during a sensing operation, a high pull-down second control signal is applied to 

the second control gates of the pull-down transistors so that the pull-down 

5 transistors are conducting and a high pull-up second control signal is applied to 

the second control gates of the pull-up transistors so that the pull-up transistors 

are not conducting; or 

- during a sensing operation, a low pull-down second control signal is applied to 

the second control gates of the pull-down transistors so that the pull-down 

10 transistors are not conducting and a low pull-up second control signal is applied 

to the second control gates of the pull-up transistors so that the pull-up 

transistors are conducting; 

- during a write back operation, a low pull-up second control signal is applied to 

the second control gates of the pull-up transistors so that the pull-up transistors 

15 are conducting and a high pull-down second control signal is applied to the 

second control gates of the puU-down transistors so that the pull-down transistors 

are conducting; 

- to perform read operation, a high puU-down second control signal is applied to 

the second control gates of the pull-down transistors so as to turn the pull-down 

20 transistors into depletion mode; or 

- to perform read operation, a low pull-up second control signal is applied to the 

second control gates of the pull-up transistors so as to turn the pull-up transistors 

into depletion mode. 

25 According to a third aspect of the invention, there is provided a 

semiconductor memory incorporating a memory cell array comprising at least one 

differential sense amplifier according to the first aspect of the invention. 

SHORT DESCRIPTION OF THE DRAWINGS 

30 Other aspects, objects and advantages of the present invention will become 

better apparent upon reading the following detailed description of preferred 

embodiments thereof, given as non-limiting examples, and made with reference to 

the appended drawings wherein : 

- Fig. 1 is a circuit diagram of a sense amplifier of the prior art; 

35 - Figs. 2a and 2b illustrate signals that are applied to or generated within a sense 

amplifier of the prior art; 
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- Fig. 3 is a circuit diagram of a sense amplifier in accordance with a first 

embodiment of the first aspect of the invention; 

- Figs. 4a and 4b illustrate signals that are applied to or generated within a sense 

amplifier according to the first embodiment; 

5 - Fig. 5 is a circuit diagram of a sense amplifier in accordance with a second 

embodiment of the first aspect of the invention; 

- Figs. 6a and 6b illustrate signals that are applied to or generated within a sense 

amplifier according to the second embodiment 

- Fig. 7 is a circuit diagram of a sense amplifier in accordance with a third 

10 embodiment of the first aspect of the invention; 

- Figs. 8a and 8b illustrate signals that are applied to or generated within a sense 

amplifier according to the third embodiment; 

- Fig. 9 illustrates a possible topology of a sense amplifier according to the fourth 

embodiment; 

15 - Fig. 10 is a circuit diagram of the sense amplifier according to the third 

embodiment with an equalization transistor arranged between global bit lines. 

• Fig. 11 illustrates a semiconductor memory in accordance with a third aspect of 

the invention. 

20 DETAILED DESCRIPTION OF THE INVENTION 

The operating process of a prior art sense amplifier as illustrated in Fig. 1 is 

now described. Some signals that are applied to or generated within the circuit 

when a sense amplifier of the prior art is operated are illustrated by Figs. 2a and 2b. 

25 The depicted timing is purely illustrative. 

The first operation before reading out a memory cell is equalization and 

precharge. The sense amplifier is first turned off by setting the head switch control 

signal <j>psw to a high voltage level and the foot switch control signal <j>NSw to a low 

voltage level. All internal nodes of the sense amplifier become floating. Prior to 

30 this operation, i.e before time to, the sense amplifier was operated in a latched 

state providing complementary high and low supply voltages on the bit line BL and 

the complementary bit line /BL, depending on the previous operation. 

Equalization is performed by applying a high voltage level to the 

equalization control signal 4>EQL to turn on the equalization transistor T50, thereby 

35 shorting the bit lines BL, /BL and setting their voltage levels at the mean value 
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VBLH/2.. At the same time, the precharge transistors T61, T62 are turned on through 

the precharge control signal 4>PCH- In this example, the precharge transistors T61, 

T62 are N-MOS type transistors; hence the precharge transistors T61, T62 are 

turned on by applying a high voltage level to the precharge control signal 4>PCH. The 

5 precharge voltage VPCH is VBLH/2 here. 

The related time interval corresponding to the equalization and precharge 

operations is given by to<t<ti in Figs. 2a and 2b. 

The precharge operation compensates for possible leakages or unbalances 

which may result in a small deviation between the precharge voltage VBLH/2 and the 

10 voltage achieved at the bit lines BL, /BL through equalization. 

After equalization and precharge are completed, the precharge transistors 

T61, T62 and the equalization transistor T50 are turned off, corresponding to time 

tt in Figs. 2a and 2b. 

The voltage of wordline WL is switched to a high level VWLH so as to activate 

15 the cell access transistor Mc. The memory cell C and the bit line BL share their 

charges. A variation of the voltage appears on both the cell capacitor and the bit 

line BL resulting in a voltage difference between the voltages of the bit lines BL, 

/BL. The value of this variation compared to the reference voltage on the 

complementary bit line /BL is given by the equation: 

20 

AV - VBL-V/BL= (CCELL /ZC)*(VCELL"VBLH/2) 

in this equation, VCELL is the voltage stored on the memory capacitor and ZC =CCELL + 

CBL + Cin!sA corresponds to the sum of the capacitances of the cell C, of the bit line 

25 BL, and of the input capacitance of the sense amplifier This voltage variation 

is also a voltage difference between the bit lines BL, /BL. 

Depending on whether the data initially stored in the cell C is a logic "one" 

or a logic "zero", this voltage variation AV is positive or negative, respectively. The 

related time interval corresponds to t2<t<t3 in Figs. 2a and 2b. 

30 if a logic "one" was stored within the cell C, i.e. the voltage initially stored 

within the cell C is the high supply voltage VH5upply) the voltage of the bit line BL is 

slightly increased and the voltage variation AV becomes positive. This situation is 

illustrated by Fig. 2a. If a logic "zero" was stored within the cell C, i.e. the voltage 

initially stored within the cell C is VBLL or GND, the voltage of the bit line BL is 



slightly decreased and the voltage variation AV becomes negative. This situation is 
illustrated by Fig. 2b. 

At time tj, the sensing operation is started by raising the foot switch control 
signal 4>NSW to a high voltage level so as to turn on the foot switch transistor T40. 
The common source node of the pull-down transistors T31, T32 is thereby pulled 
down to the low supply voltage Vuuppiy of the pull-down voltage source. As the 
voltages on the bit lines BL, /BL are respectively set to VBLrt/2 + AV and VBLH/2, and 
as these voltages are applied to the gates of the puU-down transistors T31, T32, the 
puU-down transistors T31, T32 transistors are thus turned on. 

The cross-coupled connection of the two pull-down transistors T31, T32 
gives a higher gate voltage to the transistor with the lower drain voltage and vice 
versa. A higher gate voltage sinks more current into the related transistor and pulls 
down faster the corresponding drain voltage that was already lower than the other 
one. The voltage difference between the two bit lines BL, /BL is thus amplified. 
The related time interval corresponds to t2<t<tu in Figs. 2a and 2b. 

At time U, in order to saturate the already amplified difference signal to 
the full high supply voltage VHsuppiy, the head switch transistor T10 is turned on 
through the head switch control signal 4>pSw, thereby pulling up the common source 
of the pull-up transistors T21, T22 towards the high supply voltage VHstipply of the 
pull-up voltage source. In the same manner as for the pull down transistors T31, 
T32, the cross-coupled connection of the pull-up transistors T21, T22 gives a higher 
gate overdrive voltage (in absolute value) to the transistor with the lower absolute 
drain-to-source voltage and vice versa. The process is comparable to the one 
described for the pull-down transistors T31, T32, but here a pull-up process is 
obtained resulting in a larger voltage difference between the two bit lines BL, /BL. 

The combination of both the N channel transistors related pull down process 
and the P channel transistors related pull up process, leads to an amplification of 
the voltage difference between the bit lines BL, /BL until full CMOS voltage levels 
are reached. 

in the case depicted in Fig. 2a where a logic "one" is stored within the cell C, 
the voltage difference between the bit lines BL, /BL resulting from the initial 
positive voltage variation AV is amplified until saturation is reached, so that the 
voltage of BL equals the high supply voltage VHsuppiy while the voltage of the 
complementary bit line /BL is pulled down to the low supply voltage VUupDly. in the 
case depicted in Fig. 2b where a logic "zero" is stored in the cell C, the voltage 
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difference between the bit lines BL, /BL resulting from the initial negative voltage 
variation AV is amplified so that the voltage of said bit lines BL, /BL finally stabilize 
with the voltage of the bit line BL at the level of the low supply voltage V^^y and 
the voltage of the complementary bit line /BL at the level of the high supply 

5 voltage VHSuppiy. 
The content of the cell C is then restored to its initial value as the word line 

WL is still activated. The two bit lines BL and /BL are saturated at CMOS voltage 
levels, avoiding any current through the sense amplifier. These CMOS levels can be 
easily transferred later to the global bit lines 10, /IO through the pass gate 

10 transistors T71, T72 by rendering said pass gate transistors T71, T72 conducting by 
means of the decoding signal Yoec-

As can be seen in Figs. 2a and 2b, the related time interval corresponds to 
t4<t<t&. 

At time t5, in order to retain the data in the cell C, the cell access transistor 
15 Mc is turned off by deactivating the word line WL, i.e. by applying a low voltage 

level to the select signal 
At time t6, the foot switch transistor T40 is turned off by setting the foot 

switch control signal <j>NSW to a low voltage level, thereby isolating the common 
source node of the pull-down transistors T31, T32 from the pull-down voltage 

20 source. 
Simultaneously, the head switch transistor T10 is also turned off by setting 

the head switch control signal (t>pSW at a high voltage level, thereby isolating the 
common source node of the pull-up transistors T21, T22 from the pull-up voltage 
source. The pull-up and pull-down transistors T31, T32, T21, T22 are thus 

25 deactivated. 
At time to', a new cycle begins with the precharge and equalization 

operations as described above. 
In order to write data into the cell C or to read the data stored in cell C, a 

high voltage level decoding control signal YD£C is applied to the gates of the pass 
30 gate transistors T71, T72 so as to turn them on. 

Three embodiments of a sense amplifier according to the first aspect of the 
invention and their associated operating process when controlled by a method in 
accordance with the second aspect of the invention are described hereafter. 

35 
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First embodiment: no precharge transistors. 

As illustrated in Fig. 3, a sense amplifier according to the first embodiment 

of the invention includes four transistors M21, M22, M31, M32 for the inverters, 

with two additional pass-gate transistors M71, M72, two additional switch 

5 transistors M10, M40 and one additional equalization transistor M50. 

As for Fig. 1 illustrating a prior art sense amplifier, and for simplicity's sake, 

only one word line WL and one memory cell C are shown on the left hand side of 

the sense amplifier. The cell C is addressed by the word line WL that controls the 

gate of a cell access transistor Mc, said cell access transistor Mc connecting the cell 

10 C to a bit line. 

The differential sense amplifier for sensing data stored in a plurality of 

memory cells C of a memory cell array according to the first embodiment 

comprises: 

- a first CMOS inverter having an output connected to a first bit line BL and 

15 an input connected to a second bit line /BL complementary to the first bit 

line BL, 
- a second CMOS inverter having an output connected to the second bit line 

/BL and an input connected to the first bit line BL, 

each CMOS inverter comprising : 

20 - a pull-up transistor M21, M22 having a drain and a source, and 

- a pull-down transistor M31, M32 having a drain and a source, 

the pull-up transistor M21, M22 and the pull-down transistor M31, M32 of each 

CMOS inverter having a common drain. 

In the depicted embodiment of Fig. 3, the pull-up transistors M21, M22 are 

25 P-MOS type transistors and the puU-down transistors M31, M32 are N-MOS type 

transistors. 

Differing from the prior art sense amplifier described above, the pull-up 

transistors M21, M22 and the pull-down transistors M31, M32 are multigate 

transistors, having at least a first control gate and a second control gate capable of 

30 being biased in order to modulate the threshold voltage of the transistor with 

respect to the first control gate. For example, the first control gate may be a front 

control gate and the second control gate may be a back control gate. 

Whereas the transistors of the prior art sense amplifier are fabricated in 

bulk silicon CMOS technology, the transistors of the sense amplifier according to 

35 the invention are preferably fabricated in Semiconductor-On-insulator (SeOI) 

technology. 
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SeOi transistors have a lower random threshold voltage mismatch compared 
to bulk CMOS fabricated transistors. Random threshold voltage mismatch mainly 
results from a voltage deviation proportional to the square root of the active area 
of the transistor. Thus, the use of 5eO! transistors allows the dimensions of said 

5 transistors to be smaller than bulk-based transistors while having an acceptable 
random threshold voltage mismatch. The resulting sense amplifier consumes less 
area compared to its classical bulk-based counterpart. Moreover, the size of 
interconnects can be reduced thanks to smaller transistors. 

In a preferred embodiment, the differential sense amplifier is made on a 
10 semiconductor-on-insulator substrate, for instance a silicon-on-insulator substrate, 

comprising a thin layer of semiconducting material separated from a base substrate 
by an insulating layer. The first control gates are front control gates and the second 
control gates are back control gates formed in the base substrate below the 
insulating layer. The transistors may be fully depleted (FD) SO! transistors. 

15 Alternatively, the transistors of the sense amplifier are FinFET-type 
transistors with independent double gates. A FinFET-type transistor consists of a 
thin fin which forms the active channel and surrounding control electrodes which 
form the gates of the transistor. 

As a non limiting illustration, in the following description, it will be referred 
20 to pull-up and pull-down transistors each having a front control gate and a back 

control gate. As a consequence, the first control gate of each pull-up and pull-down 
transistor is a front control gate, and the second control gate of each pull-up and 
pull-down transistor is a back control gate. Accordingly, the pull-up second control 
signal is a pull-up back gate control signal and the pull-down second control signal 

25 is a pull-down back gate control signal. 
Turning back to Fig. 3, the back control gates of the pull-up transistors M21, 

M22 are connected to a common pull-up back control gate on which a pull-up back 
gate control signal <j)PBG is applied. The pull-up back gate control signal can 
take voltage values within a range comprised between a low voltage level VPBGL and 

30 a high voltage level VPBGH-
The back control gates of the pull-down transistors M31, M32 are connected 

to a common pull-down back control gate to which a pull-down back gate control 
signal <)>NBG Is applied. The puU-down back gate control signal <j>NBG can take voltage 
values within a range comprised between a low voltage level VNBGL and a high 

35 voltage level VNBGH. 
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The sources of the pull-down transistors M31, M32 are connected to a foot 

switch transistor M40, which is itself connected to a puU-down voltage source at a 

low supply voltage V^iy. The low voltage level VBLL, for instance the ground GND, 

of the low supply voltage V^p^y is used as a reference for the other voltage levels 

in the sense amplifier. Said foot switch transistor M40 is controlled by a foot switch 

control signal 4>NSW- In the circuit illustrated by Fig. 3, the foot switch transistor 

M40 is an N-MOS transistor. When the control signal <j>Nsw is high, the foot switch 

transistor M40 is conducting, and the low supply voltage Vu^y is transmitted to the 

common source node of the puU-down transistors M31, M32. When the foot switch 

control signal <J>NSW is low, the foot switch transistor M40 is blocked and the common 

source node of the pull-down transistors M31, M32 is not pulled down. 

The sources of the pull-up transistors M21, M22 are connected to a head 

switch transistor M10, which is itself connected to a pull-up voltage source at a 

high supply voltage VHsapPiy and is controlled by a head switch control signal <ppsw. In 

the circuit illustrated by Fig. 3, the head switch transistor M10 is a P-MOS transistor. 

When the head switch control signal q>psw is low, the head switch transistor M10 is 

conducting and the high supply voltage VHsuppiyis transmitted to the sources of the 

pull-up transistors M21, M22. When the control signal <t>psw is high, the head switch 

transistor M10 is blocked and the common source node of the pull-up transistors 

M21, M22 is not pulled up, i.e. the voltage of the common source node of the pull-

up transistors M21, M22 is floating. 

When both head and foot switch transistors M10 and M40 are turned off, i.e. 

the head switch control signal 4>psw is high and the foot switch control signal 4>NSw is 

low, all nodes in the sense amplifier are floating. 

The equalization can occur through the equalization transistor M50 as in 

case of the state-of-the-art circuit. In order to compensate possible leakages or 

unbalances which may result in a small deviation between the desired precharge 

voltage and the voltage achieved at the bit lines BL, /BL through equalization, a 

pair of precharge transistors arranged to be respectively coupled to said first and 

second bit lines BL, /BL is provided to precharge the bit lines BL, /BL to a 

precharge voltage. 

The precharge transistors are constituted by the pull-up transistors M21, 

M22 or by the pull-down transistors M31, M32. Dedicated precharge transistors T61, 

T62 and the corresponding precharge control signal (j>PCHas shown in Fig. 1 are thus 

omitted. 
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The sense amplifier of Fig. 3 further comprises two pass-gate transistors M71, 
M72, whose gates are controlled by a decoding control signal YDEC, said pass-gate 
transistors M71, M72 connecting the first and second bit lines BL, /BL, respectively, 
to first and second global bit lines IO, /IO, respectively. The pass-gate transistors 

5 M71, M72 are used to transfer data between the first and second bit lines BL, /BL 
and the first and second global bit lines IO, /IO, respectively. 

The first and second global bit lines IO, /iO are connected to a further signal 
processing circuit (not shown), usually referred to as a secondary sense amplifier 
(SSA), for processing the data. 

10 The equalization transistor M50 and the pass-gate transistors M71, M72 in Fig. 
3 are not explicitly shown as SO! devices with back control gates. Being part of an 
SOi integrated circuit, they are preferably realized as SOI transistors as well. They 
can be multigate transistors having at least a first control gate and a second control 
gate capable of being biased in order to modulate the threshold voltage of said 

15 transistor with respect to their first control gate. 
The equalization transistor M50 and the pass-gate transistors M71, M72 can 

be made on a semiconductor-on-insulator substrate comprising a thin layer of 
semiconducting material separated from a base substrate by an insulating layer, 
wherein the second control gates are back control gates formed in the base 

20 substrate below the insulating layer. 
Their respective back control voltages are then chosen at values that allow 

their operations to be performed. Optionally, their respective back control gates 
and their respective front control gates may also be connected together to achieve 
increased transconductance, resulting in faster equalization and decoding for the 

25 sense amplifier. 

Operating Process of a sense amplifier without dedicated precharge transistors 
The operating process of a sense amplifier as illustrated in Fig. 3 is now 

described. Signals that are applied to or generated within the sense amplifier are 
30 illustrated in Figs. 4a and 4b. The depicted timing is purely illustrative. 

The preferred operating process of the sense amplifier is shown in Figs. 4a 
and 4b. As the function is built by means of complementary N-MOS and P-MOS 
transistors, all subfunctions of the sense amplifier can be swapped from the N-MOS 
to P-MOS side and vice versa. For instance it is possible to precharge or equilibrate 

35 the bit lines BL, /BL with P channel devices or with N channel devices. Sensing may 
also be performed by the pull-up transistors M21, M22 or by the pull-down 
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transistors M31, M32. In this illustrated process, sensing occurs through the pull-
down transistors M31, M32 connected to the puU-down source voltage providing a 
low supply voltage ty. 

The first operation before reading out a memory cell is equalization and 
5 precharge. Prior to this operation, i.e. before time to, the sense amplifier was 

operated in a latched state providing complementary high supply voltage Vhsuopty 
and low supply voltage V^p^y to the first and second bit lines BL, /BL, depending 
on the previous operation. 

At time t0, the foot switch transistor M40 is turned off by setting the foot 
10 switch control signal <f>Nsw at a low voltage level, thereby isolating the common 

source node of the pull-down transistors M31, M32 from the pull-down voltage 
source at the low supply voltage V^p^y. 

Simultaneously, the head switch transistor M10 is also turned off by setting 
the head switch control signal <t>PSw at a high level, thereby isolating the common 

15 source node of the pull-up transistors M21, M22 from the pull-up voltage source at 
the low supply voltage 

Also at time to, the pull-up back gate control signal <}>PBG is raised to a high 
voltage level VPBGH to increase in absolute value the threshold voltage of the pull-up 
transistors M21, M22 with respect to their control gates so that the pull-up 

20 transistors M21, M22 are turned off. Simultaneously, the pull-down back gate 
control signal 4>NBG is lowered to a level V^BGLthat raises the threshold voltages of 
the pull-down transistors M31, M32 with respect to their control gates, turning 
them off as well. 

It shall be noted that turning off the pull-up and pull-down transistors 
25 through their respective back control gates is not absolutely necessary since the 

head and foot switch transistors M10, M40, isolate them from the pull-up and the 
pull-down voltage source, respectively. 

At time t1; equalization is performed by switching the equalization control 
signal (j>EQL to a high voltage level so as to turn on the equalization transistor M5G, 

30 thereby shorting the bit lines BL, /BL and setting their voltage levels at the mean 
value VBLH/2. The head switch control signal <j>PSW is lowered to a low level so as to 
turn on the head switch transistor MtO, thereby connecting the common source 
node of the pull-up transistors M21, M22 to the pull-up voltage source. 

Also at time t}, the high supply voltage VHsuppiy provided by the pull-up 
35 voltage source is lowered to a chosen precharge voltage, typically half its former 
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and high value VBLH, and both pull-up transistors M21, M22 are turned to depletion 
mode by setting the pull-up back gate control signal <j>PBG to a low voltage level VPBGL. 
The pull-up transistors M21, M22 are thereby in conducting state, which allows the 
charge transfer from the pull-up voltage source to the bit lines BL, /BL. This 

5 operation sets the bit lines BL, /BL at the precharge voltage VBLH !2. 
The related time interval corresponding to the equalization and precharge 

operations is ti<t<t2 in Figs. 4a and 4b. 
The precharge operation compensates for possible (eakages or unbalances 

which may result in a small deviation between the desired precharge voltage and 
10 the voltage achieved at the bitlines BL, /BL through the equalization. 

At time tafter equalization and precharge operations are completed, the 
head switch control signal 4>PSw is raised to a high voltage level so as to turn off the 
head switch transistor M10. The pull-up back gate control signal ^PBG is raised to a 
high voltage level VPBGHso as to turn off the pull-up transistors M21, M22. The high 

15 supply voltage VHSuppiy of the pull-up voltage source is set back to its high value VBLH. 
At time u, the select signal ^ applied to the word line WL is set at a high 

level VWLH so as to activate the cell access transistor Mc. The memory cell C and the 
first bit line BL share their charges. A voltage variation AV appears on the first bit 
line BL, resulting in a voltage difference between the first bit line BL and the 

20 second bit line /BL. The value of this voltage variation AV depends on the data 
initially stored in the cell C in the same manner as previously described for the 
prior art circuit. 

Depending on whether the data initially stored in the cell C is a logic "one" 
or a logic "zero", this voltage variation AV is positive or negative, respectively. The 

25 related time interval corresponds to t3<t<t, in Figs. 4a and 4b. 
If a logic "one" was stored within the cell C, i.e. the voltage initially stored 

within the cell C is the high supply voltage VKSuppiy, the voltage of the first bit line 
BL is slightly increased. This situation is illustrated by Fig. 4a. If a logic "zero" was 
stored within the cell C, i.e. the voltage initially stored within the cell C is the low 

30 supply voltage Vtsuppty, the voltage of the first bit line BL is slightly decreased. This 
situation is illustrated by Fig. 4b. 

At time U, the sensing operation is started by turning on the foot switch 
transistor M40 by raising the foot switch control signal 4>NSw> thereby pulling down 
the common source of the puU-down transistors M31, M32 to the low supply voltage 

35 V^ppiy. The pull-down transistors M31, M32 are turned on by setting the pull-down 
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back gate control signal <f>NBG at a high voltage level VNBGH. The voltage difference 
between the two bit lines BL, /BL is thus amplified in the same manner as within 
the prior art sense amplifier. The related time interval corresponds to t«<t<t5 in Fig. 
4a and 4b. 

5 At time t5, in order to saturate the already amplified difference signal to 
the full high voltage level VBLH of the high supply voltage VHSuppty provided by the 
pull-up voltage source, the head switch transistor M10 is turned on through the 
head switch control signal tppsw, thereby pulling up the common source node of the 
pull-up transistors M21, M22 towards the high supply voltage VHsLIppir The pull-up 

10 transistors M21, M22 are turned on by setting the pull-up back gate control signal 
<J>PBG at a low voltage level VPBGL-

The combination of the respective actions of the pull-down transistors M31, 
M32 and the pull-up transistors M21, M22 saturates the sense amplifier and sets the 
bit lines BL, /BL to the respective voltages of the pull-up voltage source and the 

15 pull-down voltage source according to the initial value of the voltage variation AV 
(positive or negative). 

In the case depicted in Fig. 4a where a logic "one" is stored within the cell C, 
a positive initial voltage variation AV on the first bit line BL is amplified up to the 
saturation at the high supply voltage VHSuppty provided by the pull-up voltage source 

20 while the second bit line /BL is pulled down to the low supply voltage V^^y 
provided by the pull-down voltage source, in the case depicted in Fig. 4b where a 
logic "zero" is stored in the cell C, the initial negative voltage variation AV on the 
first bit line BL is pulled down to the low supply voltage V^p^y provided by the 
pull-down voltage source while the second bit line /BL is saturated up to the high 

25 supply voltage VHsuppiy provided by the pull-up voltage source. 
The content of the cell C is then restored to its initial value as the word line 

WL is still activated. The two bit lines BL and /BL are saturated at CMOS voltage 
levels, avoiding any current through the sense amplifier. These CMOS levels can be 
easily transferred later to the global bit lines 10, /IO through the pass gate 

30 transistors M71, M72 by rendering said pass gate transistors M71, M72 conducting by 
means of the decoding signal YDEC. 

As can be seen in Figs. 4a and 4b, the related time interval corresponds to 
ts<t<U. 
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At time U, in order to retain the data in the memory cell C, the cell access 
transistor Mc is turned off by deactivating the word line WL, i.e. by setting the 
select signal <|>wL at a low voltage level VWLL-

At time t0', a new cycle begins with the precharge and equalization 
5 operations as described above. 

in order to write data into the cell C or to read the data stored in cell C, a 
high voltage level decoding control signal YDEC is applied between time t5 and time 
t6 to the gates of the pass gate transistors M71, M72 so as to turn them on. 

As already mentioned, the sensing operation can be performed by the pull-
10 up transistors M21, M22 instead of the pull-down transistors M31, M32. In that case, 

the following back gate control signal patterns are applied to the puU-down 
transistors M31, M32 and to the pull-up transistors M21, M22. During the sensing 
operation, i.e. between Ls and t5, the puU-up back gate control signal <|>PBG is set at 
a low voltage level VPBGL so as to turn on the puU-up transistors M21, M22, while the 

15 pull-down back gate control signal <f>NBG is kept at a low voltage level VNBGL so as to 
keep the pull-down transistors M31, M32 in the off state. 

Simultaneously, the head switch control signal <j>PSw is raised at a high 
voltage level so as to turn on the head switch transistorMIC, thereby pulling up the 
common source node of the pull-up transistors M21, M22 to the high supply voltage 

20 VHSuppty provided by the puU-up voltage source, whereas the foot switch transistor 
M40 is kept in the off state by keeping the foot switch control signal <|>NSW at a low 
voltage level. 

The other operations are performed by the control signals already described. 

25 
Second embodiment: no switch transistors and no precharge transistors 

As illustrated in Fig. 5, a sense amplifier according to a second embodiment 
of the invention includes four transistors M21, M22, M31, M32 for the inverters, 
with two additional dedicated pass-gate transistors M71, M72 and one additional 

30 equalization transistor M50. 
The second embodiment is similar to the first embodiment except for the 

further absence of switch transistors M10, M40. Therefore, only the differences 
between the two embodiments are described. 
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It shall be noted that it is possible to suppress only one of the switch 
transistors M10, M40, although both switch transistors are preferably omitted. The 
invention is described accordingly. 

The sources of the puU-up transistors M21, M22 are directly connected to a 
puU-up voltage source providing a high supply voltage VHsUpply, without an 
intermediate transistor between the sources of the puU-up transistors M21, M22 and 
the pull-up voltage source. Comparing with the afore-described prior art sense 
amplifier, the head switch transistor T10 is omitted, thereby resulting in a more 
area efficient sense amplifier. 

The sources of the puU-down transistors M31, M32 are directly connected to 
a puli-down voltage source providing a low supply voltage V^^y, without an 
intermediate transistor between the sources of the pull-down transistors M31, M32 
and the pull-down voltage source. Compared to the afore-described prior art sense 
amplifier, the foot switch transistor T40 is omitted, thereby resulting in a more 
area efficient sense amplifier. 

Further, two transistors instead of four transistors are connected in series 
between the pull-up voltage source and the pull-down voltage source, thereby 
relaxing the constraints in terms of voltage relationships. 

Operating process of a sense amplifier according to the second embodiment 
The operating process of a sense amplifier as illustrated in Fig. 5 is now 

described. Signals that are applied to or generated within the sense amplifier are 
illustrated by Fig. 6a and 6b. The depicted timing is purely illustrative. Fig. 6a 
illustrates the case when the Cell C stores a logic "one", and Fig. 6b illustrates the 
case when the Cell C stores a logic "zero". 

The process is the same as for the first embodiment, but for the omitted 
head and foot switch control signals <t>PSw, 4>NSW- Therefore, the description of the 
process is the same as for the first embodiment without the head and foot switch 
control signals <j)PSw, <|>NSW- However, it is now necessary to turn off the transistors of 
the inverters that do not perform the precharge operation. 

Third embodiment: no switch transistors, no dedicated precharge transistors and no 
dedicated pass-gate transistors 
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As illustrated in Fig. 7, a sense amplifier according to the third embodiment 
of the invention includes four transistors M21, M22, M31, M32 for the inverters and 
one additional equalization transistor M50. 

The sense amplifier of Fig. 7 comprises: 
- a first CMOS inverter having an output connected to a first bit line BL and 
an input connected to a second bit line /BL complementary to the first bit 
line BL, 
- a second CMOS inverter having an output connected to the second bit line 
/BL and an input connected to the first bit line BL, 

each CMOS inverter comprising : 
- a pull-up transistor M21, M22 having a drain and a source, and 
- a pull-down transistor M31, M32 having a drain and a source, 

the puU-up transistor M21, M22 and the puU-down transistor M31, M32 of each 
CMOS inverter having a common drain. 

In the depicted embodiment of Fig. 7, the puU-up transistors M21, M22 are 
P-MOS type transistors and the pull-down transistors M31, M32 are N-MOS type 
transistors. 

Differing from the sense amplifier of Fig. 1, the puU-up transistors M21, M22 
and the pull-down transistors M31, M32 are multigate transistors, having at least a 
first and a second control gate capable of being biased in order to modulate the 
threshold voltage of the transistor with respect to the first control gate. For 
example, the first control gate may be a front control gate and the second control 
gate may be a back control gate. 

Whereas the transistors of the prior art sense amplifier are fabricated in 
bulk silicon CMOS technology, the transistors of the sense amplifier according to 
the invention are preferably fabricated in Semiconductor-On-lnsulator (SeOI) 
technology. 

SeOI transistors have a lower random threshold voltage mismatch 
compared to bulk CMOS fabricated transistors. Random threshold voltage mismatch 
mainly results from a voltage deviation proportional to the square root of the 
active area of the transistor. Thus, the use of SeOI transistors allows the 
dimensions of said transistors to be smaller than bulk-based transistors while having 
an acceptable random threshold voltage mismatch. The resulting sense amplifier 
consumes less area compared to its classical bulk-based counterpart. Moreover, the 
size of interconnects can be reduced thanks to smaller transistors. 
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In a preferred embodiment, the differential sense amplifier is made on a 

semiconductor-on-insulator substrate, for instance a silicon-on-insulator substrate, 

comprising a thin layer of semiconducting material separated from a base substrate 

by an insulating layer. The first control gates are front control gates and the second 

control gates are back control gates formed in the base substrate below the 

insulating layer. The transistors may be fully depleted (FD) SOI transistors. 

Alternatively, the transistors of the sense amplifier are FinFET-type 

transistors with independent double gates. A FinFET-type transistor consists of a 

thin fin which forms the active channel and surrounding control electrodes which 

form the gates of the transistor. 

As a non limiting illustration, in the following description, it will be referred 

to pull-up and pull-down transistors each having a front control gate and a back 

control gate. As a consequence, the first control gate of each pull-up and puU-down 

transistor is a front control gate, and the second control gate of each puU-up and 

pull-down transistor is a back control gate. Accordingly, the pull-up second control 

signal is a puU-up back gate control signal and the pull-down second control signal 

is a pull-down back gate control signal. 

Turning back to Fig. 7, the back control gates of the pull-up transistors M21, 

M22 are connected to a common puU-up back control gate on which a pull-up back 

gate control signal <j>PBG is applied. The puU-up back gate control signal 4>PBG can 

take voltage values within a range comprised between a low voltage level VPSGL and 

a high voltage level VP8GH-

The back control gates of the pull-down transistors M31, M32 are connected 

to a common pull-down back control gate to which a pull-down back gate control 

signal <J>NBG is applied. The pull-down back gate control signal <t>NBG can take voltage 

values within a range comprised between a low voltage level VNBGL and a voltage 

level higher than a high voltage level VNBGH-

A sense amplifier must be turned off to avoid any conflict between the 

normal sensing operation and the equalization and precharge operations themselves. 

This is performed within state-of-the-art sense amplifiers by turning off the head 

and foot switch transistors T10, T40. 

According to the invention, the switch transistors T1Q, T40 of Fig. 1 are 

omitted and the sense amplifier turning off operation is performed by rising the 

threshold voltages (in absolute values for the P channels) of the pull-up and pull­

down transistors M21, M22, M31, M32 so that said transistors are not in a conducting 
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state for the voltages applied during the precharge operation. The threshold 
voltages of the puU-up and pull-down transistors M21, M22, M31, M32 with respect 
to their front control gates are raised by means of their respective back control 
gates. Under such conditions, all four transistors are switched off, i.e. rendered 

5 blocking, for all possible combinations of voltages on the bit lines BL and /BL. 
It shall be noted that it is possible to suppress only one of the switch 

transistors T10, T40, although both switch transistors are preferably omitted. The 
invention is described accordingly. 

The sources of the pull-up transistors M21, M22 are directly connected to a 
10 first and a second global bit lines IO, /IO without an intermediate transistor. The 

global bit lines iO, /IO act as the pull-up voltage source for the pull-up transistors. 
Consequently, the voltage of the global bit lines 10, /IO act as the high supply 
voltage provided by the pull-up voltage source. Comparing with the afore-described 
prior art sense amplifier, the head switch transistor T10 is omitted, thereby 

15 resulting in a more area efficient sense amplifier. 
The sources of the pull-down transistors M31, M32 are directly connected to 

a pull-down voltage source providing a low supply voltage V^^y, without an 
intermediate transistor between the sources of the puU-down transistors M31, M32 
and the pull-down voltage source. Comparing with the afore-described prior art 

20 sense amplifier, the foot switch transistor T40 is omitted, thereby resulting in a 
more area efficient sense amplifier. 

Further, two transistors instead of four transistors are connected in series 
between the pull-up voltage source and the pull-down voltage source, thereby 
relaxing the constraints in terms of voltage relationships between the transistors. 

25 Equalization can occur through the equalization transistor M50 as in case of 
the state-of-the-art circuit. In order to compensate possible leakages or unbalances 
which may result in a small deviation between the desired precharge voltage and 
the voltages achieved at the bit lines BL, /BL through the equalization, a precharge 
operation is also performed by the pull-up transistors M21, M22 or by the puU-down 

30 transistors M31, M32. 
Hence the precharge transistors are constituted by the pull-up transistors 

M21, M22 or by the pull-down transistors M31, M32. Dedicated precharge transistors 

T61, T62 and the corresponding precharge control signal <j>PCH as shown in Fig. 1 are 

thus omitted. 
35 Compared to a prior art sense amplifier, the read operation is performed by 

the pull-up transistors M21, M22 or by the pull-down transistors M31, M32. Hence 
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the pass-gate transistors are constituted by the puU-up transistors M21, M22 or by 

the puU-down transistors M31, M32. Dedicated pass-gate transistors T71, T72 as 

shown in Fig, 1 are thus omitted in this third embodiment, so is the corresponding 

decoding control signal YDEC. The pass-gate transistors constituted by the pull-up 

transistors M21, M22 or by the pull-down transistors M31, M32 are arranged to 

connect the first and second bit lines BL, /BL to the first and second global bit lines 

iO, /IO, so as to transfer data between the first and the second bit lines (BL, /BL) 

and the first and the second global bit lines IO, /IO, respectively. 

Further, since the pass-gate transistors are preferably the pull-up transistors 

M21, M22, the third embodiment is described with the pull-up transistors M21, M22 

as pass-gates transistors and thus connected to the global bit lines IO, /SO. 

It shall be noted that should the pass-gates transistors be constituted by the 

pull-down transistors M31, M32, the pull-down transistors M31, M32 would be 

connected to the global bit lines iO, /IO instead. 

The global bit lines IO, /IO are connected to a further signal processing 

circuit (not shown), usually referred to as a secondary sense amplifier (SSA), for 

processing the data. The secondary sense amplifier is in particular used for 

detecting and exploiting a differential signal generated on the global bit lines 10, 

/IO during read operations. 

The equalization transistor M50 in Fig. 7 is not explicitly shown as SOI device 

with back control gates. Being part of an SOI integrated circuit, the equalization 

transistor M50 is preferably an SOt transistor as well. 

The equalization transistor M50 can be made on a semiconductor-on-

insulator substrate comprising a thin layer of semiconducting material separated 

from a base substrate by an insulating layer, wherein the second control gates are 

back control gates formed in the base substrate below the insulating layer. Its back 

control voltage is then chosen at a value that allows its operation to be performed. 

Optionally, its back control gate and its front control gate may also be connected 

together to achieve an increased transconductance, resulting in a faster 

equalization for the sense amplifier. 

Operating Process of a sense amplifier without switch transistors, no dedicated 

precharge transistors, nor dedicated pass-gate transistors 

The operating process of a sense amplifier as illustrated in Fig. 7 is now 

described. Signals that are applied to or generated within the sense amplifier are 

illustrated by Figs. 8a and 8b. The depicted timing is purely illustrative. 



The preferred operating process of the sense amplifier is shown in Figs. 8a 

and 8b. As the function is built by means of complementary N-MOS and P-MOS 

transistors, all subfunctions of the sense amplifier can be swapped from the N-MOS 

to the P-MOS side and vice versa. For instance it is possible to precharge or 

equilibrate the bit lines BL, /BL with P channel devices or with N channel devices. 

Sensing may also be performed by the pull-up transistors M21, M22 or by the pull-

down transistors M31, M32. In this illustrated process, sensing occurs through the 

pull-down transistors M31, M32 connected to the pull-down source voltage 

providing a low supply voltage V^^ty. 

At time ti, the pull-down back gate control signal 4>NBG is lowered to a low 

voltage level VNBGL SO as to turn off the pull-down transistors M31, M32 and the pull-

up back gate control signal <j>PBG is set to a low voltage level VPBGL so that the puU-up 

transistors M21, M22 are turned to depletion mode. The pull-up transistors M21, 

M22 are thus turned on. 

Optionally, the puU-up transistors M21, M22 and the pull-down transistors 

M31, M32 can be turned off before U, for example at to, in order to be sure that 

they are turned off before the equalization and precharge operations start. 

Also at time U, the equalization control signal <j)EQL is raised to a high level to 

turn on the equalization transistor M50 in order to initialize the equalization as 

previously described. 

Simultaneously, the global bit line signals <j>!0, are set to a desired 

precharge voltage, typically VSLH/2. The bit lines BL, /BL are thereby set to the 

precharge voltage, here VBLH/2. The related time interval corresponds to ti <t<t2 in 

Figs. 8a and 8b. 

At time t2, after equalization and precharge operations are completed, the 

equalization transistor M50 is turned off by setting the equalization control signal 

<|>EQL at a low level and the pull-up transistors M21, M22 are turned off by setting the 

puU-up back gate control signal 4>P8G at a high voltage level VPBGH. 

The global bit lines IO, /IO are set back to a high voltage level, typically VBlH. 

At time t3, the select signal <^WL applied to the word line WL is set at a high 

level VWLH so as to activate the cell access transistor Mc. The memory cell C and the 

first bit line BL share their charges. A voltage variation AV appears on the first bit 

line BL, resulting in a voltage difference between the first bit line BL and the 

second bit line /BL. The value of this voltage variation AV depends on the data 
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initially stored in the cell C in the same manner as previously described for the 
prior art circuit. 

Depending on whether the data initially stored in the cell C is a logic "one" 
or a logic "zero", this voltage variation AV is positive or negative, respectively. The 

5 related time interval corresponds to t3<t<t4 in Figs. 8a and 8b. 
If a logic "one" was stored within the cell C, i.e. the voltage initially stored 

within the cell C is at the high voltage level VBLH of the voltage of the pull-up 
voltage source constituted by the global bit lines 10, /10, the voltage of the first bit 
line BL is slightly increased. This situation is illustrated by Fig. 8a. If a logic "zero" 

10 was stored within the cell C, i.e. the voltage initially stored within the cell C is at 
the low voltage level VBLL of the supply voltage provided by the pull-down 
voltage source, the voltage of the first bit line BL is slightly decreased. This 
situation is illustrated by Fig. 8b. 

At time U, the puU-down back gate control signal is raised to a high 
15 voltage level VNBGH that turns on the two puU-down transistors M31, M32. The 

voltage difference between the bit lines BL, /BL is then amplified by these two 
puU-down transistors M31, M32 in a similar manner as for the state-of-the-art case. 

At time U, the pull-up back gate control signal 4>PBG is lowered to an 
intermediate voltage level VPBGI that turns on the pull-up transistors M21, M22 but 

20 keeps them in the enhancement mode. 
The combination of the respective actions of the pull down transistors M31, 

M32 and the pull-up transistors M21, M22 saturates the sense amplifier and set the 
respective voltages of the bit lines BL, /BL to the high voltage level VBLH of the pull-
up voltage source and the low voltage level VSLL of the pull-down voltage source 

25 according to the initial value of the voltage variation AV (positive or negative). The 
operation is similar to the prior art case. 

If a logic "one" was stored within the cell C, i.e. the voltage initially stored 
in the cell VCELL is at the high voltage level VBLH, the voltage of the first bit line BL is 
pulled up to the high voltage level VBLH of the global bit lines IO, /IO while the 

30 voltage of the second bit line /BL is decreased to the low voltage level VBLL of the 
low supply voltage V^uppiy. This situation is illustrated by Fig. 8a. 

If a logic "zero" was stored within the cell C, i.e. the voltage initially stored 
in the cell VCELL corresponds to the low supply voltage V^^y, the voltage of the 
first bit line BL is pulled down to the low supply voltage V^p^, while the voltage of 
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the second bit tine /BL is pulled up to the high voltage level VBLH of the global bit 
lines 10, /IO. This situation is illustrated by Fig. 8b. 

The corresponding time interval in Figs. 8a and 8b is t5<t<t6. 
The content of the cell C is then restored to its initial value as the word line 

5 WL is still activated and thus the cell access transistor Mc is still conducting, 
thereby connecting the memory cell C to the sense amplifier through the first bit 
line BL. The two bit lines BL and /BL are saturated at CMOS voltage levels, avoiding 
any current through the sense amplifier. The data is thus written back into the 
memory cell C. 

10 At time t6, the word line WL is deactivated, i.e. the select signal S|>WL is set 
at low level VWLL, and the cell access transistor Mc is thus turned off. The cell 
content is protected and the sense amplifier can be addressed. 

Read operations are performed by generating differential signals on the 
global bit lines 10, /IO, said signals being exploited by the secondary sense 

15 amplifier according to the characteristics of said secondary sense amplifier in order 
to read data. For example, if the secondary sense amplifier sets the global bit lines 
iO, /IO at relatively high impedance, the differential signal is a voltage drop 
associated with one of the global bit lines. This is the example described hereafter 
and illustrated by Figs. 8a and 8b. 

20 Alternatively, if the secondary sense amplifier sets the global bit lines 10, 
/IO at low impedance, the differential signal is a current flowing through one of 
the global bit lines. 

Therefore, in the depicted example, at time U the two global bit lines 10, 
/10 are kept at a high voltage level, typically at or somewhat below VBLH> but are 

25 turned to a higher impedance than their previous impedance, for example by 
means of the so-called secondary sense amplifier (not shown). 

Two read operations performed by the sense amplifier are depicted by Figs. 
8a and 8b. The first read operation occurs between tA and tB, the second read 
operation occurs between t* and t*. However, the sense amplifier can perform 

30 read operations as many times as necessary. 
At time tA, after t6, the puU-down back gate control signal 4>NBG is set to a 

value higher than its previous high value VBLH- This higher voltage level is able to 
turn both pull-down transistors M31, M32 to depletion mode. 

Since one of the bit lines BL, /BL is at the high voltage VBLH of the puU-up 
35 voltage source constituted by the global bit lines IO, /IO, whereas the other bit line 

BL, /BL is at the tow voltage VBLL of the low supply voltage V^^y, one of the pull-



up transistor M21, M22 has a low voltage level applied to its front gate whereas the 
other has a high voltage level applied to its front gate. 

Since the pull-up transistors M21, M22 are in the enhancement mode, the 
pull-up transistor with a low voltage level on its front gate is in the on state, while 
the other pull-up transistor is in the off state. 

If the voltage of the first bit line BL is at the high voltage level VBLH, and the 
voltage of the second bit line /BL is at the low voltage level VB[_L, i.e. if the 
accessed cell stores a logic "one", the pull-up transistor M21 with its front gate 
connected to the second bit line /BL would be conducting and the other pull-up 
transistor M22 would be off. 

If the voltage of the first bit line BL is at the low voltage level VBLL and the 
voltage of the second bit line /BL is at the high voltage level VBLH, i.e. if the 
accessed cell stores a logic "zero", the pull-up transistor M22 with its front gate 
connected to the first bit line BL would be conducting and the other pull-up 
transistor M21 would be off. 

With both pull-down transistors M31, M32 in depletion mode and one of the 
pull-up transistors M21, M22 in the on state, a current flows either through the first 
global bit line IO or the second bit line /SO, depending on which one of the puU-up 
transistors M2i, M22 is conducting. 

As illustrated by Figs. 8a and 8b between tA and tB and between t* and tB; 

this current generates a voltage drop associated with the global bit line through 
which the current flows. Said voltage drop is detected by the secondary sense 
amplifier (not shown) and indicates the data stored in the memory cell C. if a logic 
"one" is stored in the cell C, the voltage drop is associated with first global bit tine 
IO. If a logic "zero" is stored in the cell C, the voltage drop is associated with the 
second global bit line /IO. 

An alternate solution where the differential signal is based on electric 
current consists in keeping the first and second global bit tines IO, /IO at tow 
impedance and in detecting the current flowing through the global bit tines. 

After t0, at time tr, a new cycle starts by toggling the pull-down back gate 
control signal ^NBoandthe pull-up back gate control signal (^in order to turn off 
the sense amplifier. The global bit tines IO, /IO are turned to their initial low 
impedance. New equalization and precharge operations are started. 

Writing data into the cell C is done by applying the desired signal to the 
global bit tines IO, /IO when the puU-up transistors M21, M22 are conducting, e.g. 
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between t5 and t6. This can be during a dedicated cycle or within the previously 

described cycle. 

As already mentioned, the precharge operation can be performed by the 

puU-down transistors M31, M32 instead of the puU-up transistors M21, M22. in that 

5 case, the following back gate control signal patterns are applied to the pull-down 

transistors M31, M32 and to the pull-up transistors M21, M22. During the precharge 

operation, i.e. between ti and t2, the pull-down back gate control signal <J>NBG is set 

at a high voltage level VNBGH SO as to turn on the pull-down transistors M31, M32, 

while the puU-up back gate control signal <t>PBG is set at a high voltage level VPBGH SO 

10 as to turn off the pull-up transistors M21, M22. 

The desired precharge voltage has to be applied to the sources of the pull­

down transistors M31, M32 so as to precharge the bit tines BL, /BL at said precharge 

level, typically VBLH/2. The voltage of the pull-down voltage source to which are 

connected the source nodes of the pull-down transistors M31, M32, is set at the 

15 precharge level, for example VBI_H/2, between ti and t2 and is otherwise kept at the 

tow voltage level VBLL. 

The other operations are performed by means of the control signals already 

described. 

As already mentioned, the sensing operation can be performed by the pul(-

20 up transistors M21, M22 instead of the pull-down transistors M31, M32. In that case, 

the following back gate control signal patterns are applied to the pull-down 

transistors M31, M32 and to the pull-up transistors M21, M22. During the sensing 

operation, i.e. between ti and t5, the pull-up back gate control signal <t>pBG is set at 

a low voltage level VPBGL SO as to turn on the pull-up transistors M21, M22, while the 

25 pull-down back gate control signal 4>NBG is kept at a tow voltage level VNBGL SO as to 

keep the pull-down transistors M31, M32 in the off state. The other operations are 

performed by means of the control signals already described. 

As already mentioned, the pass-gate transistors can be the pull-down 

30 transistors M31, M32 instead of the puU-up transistors M21, M22. In that case, the 

following back gate control signal patterns are applied to the pull-down transistors 

M31, M32 and to the pull-up transistors M21, M22. During the read operations, i.e. 

between tA and tB or between tA- and tB-, the pull-up back gate control signal 4>PBG is 

set to a voltage level tower than its previous tow voltage level VNBGL- This tower 

35 voltage level is able to turn both pull-up transistors M21, M22 to depletion mode. 
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As the sources of the pull-down transistors M31, M32 are connected to the 
global bit lines IO, /IO, the global bit lines are usually at a low voltage level VBLi 
acting as the low supply voltage, and the differential signal associated with one of 
the global bit lines is detected and exploited by the secondary sense amplifier as 

5 previously described. The other operations are performed by the control signals 
already described. 

Equalization transistor physically arranged between the pull-up transistors 

10 In the three previously described embodiments of the invention, the 
equalization transistor M50 was an N-MOS type transistor, and the equalization 

control signal <f>EQL was controlled accordingly. 

As previously mentioned, the function is built by means of complementary 
N-MOS and P-MOS transistors. Therefore, alt subfunctions of the sense amplifier can 

15 be swapped to the opposite type of transistors. For instance it is possible to 
equilibrate the bit lines BL, /BL with P channel devices or N channel devices. 

in a preferred embodiment, the equalization transistor M50 is a P-MOS 
transistor. As illustrated in Fig. 9, the P-MOS equalization transistor M50 can then 
be physically arranged between the two P-MOS type pull-up transistors M21, M22. In 

20 other words, the channel of the equalization transistor M50 is arranged between 
the drains of the two pull-up transistors M21, M22. 

The equalization transistor M50 can thus be provided without requiring 
additional area with regard to the area occupied by the two CMOS inverters of a 
sense amplifier, 

25 
Further, the equalization transistor M50 can be a multigate transistor having 

at least a first control gate and a second control gate connected together so as to 
achieve a greater transconductance, resulting in a faster equalization operation. 

30 Equalization transistor arranged between the global bit lines IO, /iO 

It is possible to have an equalization transistor arranged between the global 
bit tines IO, /IO instead of being arranged between the first and second bit lines BL, 
/BL. This is illustrated by Fig. 10 in the case of the third embodiment. The 

35 equalization transistor M50 thus performs equalization on the global bit lines IO, 
/IO instead of performing equalization on the bit lines BL, /BL. 
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The same equalization transistor M50 may therefore perform equalization 

for all the sense amplifiers that share the same global bit lines 10, /IO. Moreover, 

the equalization transistor M50 is no more related to a particular sense amplifier 

and may be part of the upper hierarchical circuit that drives the global bit tines 10, 

5 /IO. As a consequence, it can be arranged at the convenience of the design, 

preferably external from the repetitive sense amplifier bank. Since the equalization 

transistor M50 is no more arranged within the sense amplifier circuit, it is possible 

to choose either a P-MOS device or N-MOS device for the equalization transistor 

M50. Further, the sense amplifier can be smaller. 

10 
Accordingly, the bit lines BL, /BL are not shorted directly by any 

equalization transistor. The equalization occurs between the global bit lines 10, /IO 

and is propagated to the bit lines BL, /BL through the pass gate transistors. The 

global bit lines 10, /IO are set to the desired precharge voltage during the 

15 equalization and precharge operations. 

In the first and second embodiments, the dedicated pass gate transistors 

M71, M72 are rendered conducting by means of the select signal YD£C. After the 

equalization and precharge is completed, the pass gate transistors M71, M72 are 

20 turned off. 

In the third embodiment, the pass gate transistors are constituted by the 

pull-up or the pull-down transistors M21, M22, M31, M32. The pass gate transistors 

are turned to depletion mode by means of the respective voltage of their back 

control gates. After the equalization and precharge is completed, the pass gate 

25 transistors constituted by the pull-down or pull-up transistors M21, M22, M31, M32, 

are returned to the enhancement mode by means of their back control gates. They 

are in fact turned off as there is no signal between their gates and their sources. 

The further operations are the same as described in the third embodiment. 

30 A semiconductor memory comprising a plurality of memory cells 

According to a third aspect of the invention, a semiconductor memory 120 

incorporating a memory cell array 122 and at least one sense amplifier according to 

the first aspect of the invention is illustrated in Fig. 11. 

A memory cell array 122 is illustrated, provided with a bank 124 of sense 

35 amplifier according to the first aspect of the invention on two of its opposite sides. 

A third side of the memory celt array 122 is provided with a row decoder 126. 
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Preferably, this semiconductor memory 120 is a Dynamic Random Access 
Memory (DRAM), but can be of any other suitable type of memory, for example a 
Static Random Access Memory (SRAM). 
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CLAIMS 

1. A differential sense amplifier for sensing data stored in a plurality of 
memory cells of a memory cell array, including: 

5 - a first CMOS inverter having an output connected to a first bit line and an 
input connected to a second bit line complementary to the first bit line, 
• a second CMOS inverter having an output connected to the second bit line and 
an input connected to the first bit line, 
each CMOS inverter comprising : 

10 - a puU-up transistor having a drain and a source, and 
- a pull-down transistor having a drain and a source, 
the pull-up transistor and the pull-down transistor of each CMOS inverter 
having a common drain, 

said sense amplifier having a pair of precharge transistors arranged to be 
15 respectively coupled to said first and second bit lines, so as to precharge said 

first and second bit lines to a precharge voltage, 
characterised in that said precharge transistors are constituted by the pull-up 
transistors or by the puU-down transistors. 

20 2. The differential sense amplifier according to claim 1, wherein the pull-up 
and the puU-down transistors are multigate transistors having at least a first 
control gate and a second control gate, and wherein 
o the second control gates of the pull-up transistors are driven by a pull-up 

second control signal, 
25 o the second control gates of the pull-down transistors are driven by a 

pull-down second control signal. 

3. The differential sense amplifier according to claim 2, wherein the 
differential sense amplifier is made on a semiconductor-on-insulator 

30 substrate comprising a thin layer of semiconducting material separated from 
a base substrate by an insulating layer, and wherein the second control 
gates are back control gates formed in the base substrate below the 
insulating layer. 

35 
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The differential sense amplifier according to claim 2, wherein the 

transistors are FinFET devices with independent double gates. 

The differential sense amplifier according to any one of claims 2 to 4, 

further comprising an equalization transistor having a source and a drain 

respectively coupled to one of the first and second bit lines. 

The differential sense amplifier according to claim 5, wherein the 

equalization transistor is a multigate transistor having at least a first control 

gate and a second control gate connected together. 

The differential sense amplifier according to any one of claim 5 to 6, 

wherein the equalization transistor is a P-MOS type transistor physically 

arranged between the pull-up transistors. 

The differential sense amplifier according to any one of claims 2 to 7, 

wherein 

o the sources of the pull-down transistors are electrically coupled 

and connected to a pull-down voltage source, without an 

intermediate transistor between the sources of the pull-down 

transistors and the pull-down voltage source, or 

o the sources of the pull-up transistors are electrically coupled and 

connected to a pull-up voltage source, without an intermediate 

transistor between the sources of the pull-up transistors and the 

pull-up voltage source. 

The differential sense amplifier according to any one of claims 2 to 8 further 

comprising a pair of pass-gate transistors arranged to connect said first and 

second bit lines to a first and a second global bit lines, so as to transfer data 

between the first and the second bit lines and the first and the second 

global bit lines, respectively, wherein the pass-gate transistors are 

multigate transistors having at least a first control gate and a second control 

gate connected together. 
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10. The differential sense amplifier according to any one of claims 2 to 8, 
having a pair of pass-gate transistors arranged to connect said first and 
second bit lines to a first and a second global bit lines, so as to transfer data 
between the first and the second bit lines and the first and the second 

5 global bit lines, respectively, wherein 
o the pass-gate transistors are constituted by the pull-up transistors 

and 
o the sources of the pull-down transistors are electrically coupled 

and connected to a pull-down voltage source, without an 
10 intermediate transistor between the sources of the pull-down 

transistors and the pull-down voltage source. 

11. The differential sense amplifier according to any one of claims 2 to 8, 
having a pair of pass-gate transistors arranged to connect said first and 

15 second bit lines to a first and a second global bit lines, so as to transfer data 
between the first and the second bit lines and the first and the second 
global bit lines, respectively, wherein 

o the pass-gate transistors are constituted by the puU-down 
transistors and 

20 o the sources of the pull-up transistors are electrically coupled and 
connected to a pull-up voltage source, without an intermediate 
transistor between the sources of the puU-up transistors and the 
pull-up voltage source. 

25 12. A method for controlling a differential sense amplifier according to any one 
of claims 2 to 11 to perform operations for pre-charging the bit lines, 
sensing and writing-back data stored in a plurality of memory cells of a 
memory cell array 
wherein to modify the operation performed by the differential sense 

30 amplifier, the pull-up second control signal and/or the puU-down second 
control signal are modified. 

35 

13. The method according to claim 12, wherein during a precharge operation, a 
low pull-up second control signal is applied to the second control gates of 
the pull-up transistors so that the pull-up transistors 
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are conducting and a low pull-down second control signal is applied to the 

second control gates of the pull-down transistors so that the pull-down 

transistors are not conducting. 

5 14. The method according to claim 12, wherein during a precharge operation, a 

high pull-up second control signal is applied to the second control gates of 

the pull-up transistors so that the pull-up transistors are not conducting and 

a high pull-down second control signal is applied to the second control gates 

of the pull-down transistors so that the pull-down transistors are conducting. 

10 
15. The method according to any one of claims 12 to 14, wherein during a 

sensing operation, a high pull-down second control signal is applied to the 

second control gates of the puU-down transistors so that the pull-down 

transistors are conducting and a high puU-up second control signal is applied 

15 to the second control gates of the pull-up transistors so that the pull-up 

transistors are not conducting. 

16, The method according to any one of claims 12 to 14, wherein during a 

sensing operation, a low pull-down second control signal is applied to the 

20 second control gates of the pull-down transistors so that the pull-down 

transistors are not conducting and a low pull-up second control signal is 

applied to the second control gates of the pull-up transistors so that the 

pull-up transistors are conducting. 

25 17. The method according to any one of claims 12 to 16, wherein during a write 

back operation, a low pull-up second control signal is applied to the second 

control gates of the pull-up transistors so that the pull-up transistors are 

conducting and a high pull-down second control signal is applied to the 

second control gates of the puU-down transistors so that the pull-down 

30 transistors are conducting. 
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18. A method for controlling a differential sense amplifier according to claim 10 

to perform read operation, wherein a high pull-down second control signal is 

applied to the second control gates of the pull-down transistors so as to turn 

the pull-down transistors into depletion mode. 

5 
19. A method for controlling a differential sense amplifier according to claim 

11 to perform read operation, wherein a low pull-up second control signal is 

applied to the second control gates of the pull-up transistors so as to turn 

the pull-up transistors into depletion mode. 

10 

20. A semiconductor memory incorporating a memory cell array characterized in 

that it comprises at least one differential sense amplifier according to any 

one of claims 1 to 11. 
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ABSTRACT 

DIFFERENTIAL SENSE AMPLIFIER WITHOUT DEDICATED PRECHARGE 

TRANSISTORS 

Descriptive abstract 

The invention A differential sense amplifier for sensing data stored in a plurality 

of memory cells (C) of a memory cell array, including: 

- a first CMOS inverter having an output connected to a first bit line (BL) and an 

input connected to a second bit line (/BL) complementary to the first bit line, 

- a second CMOS inverter having an output connected to the second bit line 

(/BL) and an input connected to the first bit line (BL), 

each CMOS inverter comprising a pull-up transistor (M21, M22) and a puU-down 

transistor (M31, M32), said sense amplifier having a pair of precharge transistors 

arranged to be respectively coupled to said first and second bit lines (BL, /BL), so 

as to precharge said first and second bit lines (BL, /BL) to a precharge voltage, 

wherein said precharge transistors are constituted by the pull-up transistors (M21, 

M22) or by the puU-down transistors (M31, M32). 

FIGURE 3 


