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SENSE CIRCUIT FOR READING DATA 
STORED IN NONVOLATILE MEMORY 

CELLS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

The present invention relates to a circuit for reading the 
information stored in ROM and EPROM type memories 
according to a differential sensing mode and, in particular to 
an improved circuit for generating an offsetting current for 
discriminating between the currents which ?ow through a 
certain cell of the memory array which has been selectively 
addressed for reading and a virgin reference cell, according 
to a current offset sensing mode. 

Among semiconductor nonvolatile memories, EPROM 
memories represent one of the most advanced ?eld of 
integration in silicon. Starting from nowadays common 1 
megabit devices, new devices with a capacity of up to 4 
megabit have been presented lately and new ambitious goals 
are announced. 

Together with an ever increasing packing density, the 
memory market requires improved performances in terms of 
access time, write time and power consumption. The reduc 
tion of the siZe of the devices poses serious problems to the 
achievement of these aims. In particular, the access time 
during a reading phase is penalized by a consequent reduc 
tion of the actual current through the memory cell and an 
increased in?uence of parasitic electric factors of the inte 
grated structure of the cells. For these reasons, the circuits 
used for reading the information stored in the cells must 
possess an enhanced precision and reliability. 

The article entitled “L’amplilicatore di Lettura nei Dis 
positivi di Memoria EPROM” by G. Compardo, M. Dall 
abora and D. Novosel, published on the journal “Alta 
FrequenZa” Vol. LVII—No. 6—July-August 1988, contains 
a comprehensive review of the different sense circuits which 
are commonly used. The relevant content of this article is 
intended to be incorporated herein by express reference 
thereto. 

Basically, the architecture of a differential type sense 
circuit are by far more precise and less sensitive to the 
effects of “process spread”, temperature and supply voltage 
variations, by treating them essentially as common mode 
contributions. On the other hand, there are [two] three 
differential sense systems: a load-offset type, a current 
unbalance type, and a current-offset type. A load-offset (or 
load-unbalance) type sense circuit [and the relative operat 
ing characteristics are] is reproduced in [FIGS 1 and 2, 
respectively] FIG. 1. The reading system is based, as it is 
well known, upon the unbalancing of the load transistors, 
respectively of the “array cell” side and of the “reference 
cell” side (where the reference cell is commonly constituted 
by a virgin memory cell), by making larger than unity the 
dimensional ratio between the two load transistors. 

The unbalancing of the loads permits the reading of a 
virgin cell by introducing an element of asymmetry between 
the two branches of the differential sense circuit. The mini 
mum working voltage in this case is limited by the threshold 
of a virgin cell Vth, while the maximum operating voltage 
VCCmwc is given by the equality of Vref and Vmar 

The characteristics of a current-unbalance type circuit 
are shown in FIG. 2. In the diagram of FIG. 2, the respective 
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2 
characteristics of a virgin cell (Ion) and of a written cell (I077) 
and of the reference current (Iref) are all shown on a single 
diagram purposely. Here, the reference cell has the same 
threshold but di?erent current characteristics than the 
matrix cells, and the loads are equal. 

In this type of sense circuit, the reference current lref 
varies with the varying of the supply voltage VCC which is 
applied to the control gate of the reference cell. The mini 
mum working voltage VCCml-n is in this case limited by the 
threshold of a virgin cell Vth, while the maximum operating 
voltage VCCmax is given by the equality between 1,4 and I077. 

Clearly the current-unbalance system of FIG. 2 has 
limitations, in static terms, toward the value of VCCmax and 
this constitutes a drawback. A [further] drawback of the 
load-unbalance system of FIG. 1 may be identi?ed by the 
necessity of forming transistors having different geometrical 
dimensions among each other and by the necessity of 
employing a relatively complex sense circuit. 
A typical circuit diagram and relative characteristics of a 

sensing system operating in a current-offset mode, are 
shown in FIGS. 3 and 4, respectively. According to this 
known alternative approach, the operating range in terms of 
voltage VCC is widened by modifying the reference current 
lrefcharacteristic. In the relative circuit diagram, as it may be 
observed in FIG. 3, the load transistors have similar dimen 
sions. The element of asymmetry which is necessary for 
discriminating the sensing of a virgin cell, is provided by 
means of a constant current loffm which is purposely added 
in parallel to the cell current Ice” of the array side. 

In this way, the electrical characteristics of the cells are 
caused to be parallel to the characteristic of the reference 
current. The remarkable result is that the VCCmax value 
tends theorethically to in?nity for all the cells which have 
undergone a threshold shift (zsvm) larger than the value of 
said additional constant current (loffm) divided by the cur 
rent gain of the cell: i.e. 

As described in the above mentioned article, in order to 
improve discrimination at the limit VCCml-n, the contribution 
of the offset current is added singly on the reference side and 
doubled on the array side. This is schematically shown in 
FIG. 3 by the “two generators”: loffm and IOffM/Z, which 
determine the respective offset currents through the two 
branches of the input circuit of the differential sense ampli 
?er A. In this way, the three characteristics: [10”, Iref and I017] 
I I and Imaw?, of the operating diagram of FIG. 4, are matow re? 

always kept separated for: 

VCC>Vth=VCC,m-,, 

There is however another order of considerations on sense 
circuits concerning their dynamic characteristics. In other 
words, the static characteristics discussed above, de?ne the 
correct margin of operation, that is of correct interpretation 
of the data stored in an array cell, in function of the supply 
voltage and therefore they offer a measure of the width of the 
operating range of the sense circuits toward VCC, in the 
hypotesis that all transients, such as the precharging of the 
column lines (BITLINES), the signal propagation along the 
relative row of the array and so forth have terminated. 

Vicerversa, the dynamic characteristics have a relevance 
on the currents passing in the two branches of the input 
circuit of the differential sense ampli?er during a typical 
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reading phase, during Which the actual supply voltage of the 
device is set, thus providing for an evaluation of the correct 
operation margin during a transient. These dynamic charac 
teristics are indicative of hoW small Will be the access time 
of the memory, because the response of the sense circuits 
Will be correct only from the moment in Which the current 
of the reference side is smaller than the current of the array 
side When reading a conducting cell (ON-programmed cell), 
and viceversa, When reading a nonconducting cell 
(OFFprogrammed cell). 

Moreover, this latter consideration is fundamental for 
recogniZing an intrinsic limit of a current-offset type sense 
circuit. 

In fact, While for the case of a load-unbalance system, the 
current in the tWo branches (reference side and array side) of 
the sense circuit are intrinsically different for any value of 
the gate voltage of the cells (and therefore the circuit 
provides a correct sensing during a transient), in the case of 
a current-offset sense circuit, because the circuit is poWered 
at VCC, there is not a transient phase for the value of the 
current set by the offsetting circuit and therefore, When an 
OFF-programmed cell must be read, the sense circuit ini 
tially provides an erroneous response because the reference 
side current, for a loW value of the voltage applied to the gate 
of the array cell and of the reference cell, is loWer than the 
current of the array side, Which current represents the sum 
of the offsetting current, Which is intrinsically constant, and 
of the current of the OFF-programmed cell, Which is prac 
tically nil. 

Only When the voltage on the gate of the reference cell 
Whose value depends from the propagation of the signal 
through the array’s roW, becomes suf?cient to generate a 
current through the cell greater than the offsetting current, a 
correct response is obtained from the circuit. This limitation 
at transients negatively affects the access time in comparison 
to the case Where a load-unbalance sense circuit is used, 
Which, on the other hand, has the disadvantage of providing 
a reduced operating voltage range, as seen before. 

OBJECTIVE AND SUMMARY OF THE 
INVENTION 

There is a need for a sense circuit Which although pos 
sessing static operating characteristics comparable to the 
static operating characteristics of a current-offset type circuit 
or anyWay having a Wide operating range toWard the maXi 
mum supply voltage (VCCmwc) also possess improved 
dynamic characteristics as compared to a current-offset 
circuit of the knoWn type. 

This objective is reached by means of the current-offset 
sense circuit Which forms the object of the present invention. 

Basically, the device for generating an unbalance betWeen 
a reference cell branch of the sense circuit and another 
branch of the circuit comprising the selectively addressed 
array cell to be read, Which is employed is basically a current 
generator and therefore, as in the case of a currentoffset 
sense circuit of the prior art, the siZes of the load transistors 
of the array side and of the reference side of the differential 
sense circuit are advantageously identical, thus avoiding the 
above mentioned draWbacks typical of a load-unbalance 
sense circuit. The circuit is driven essentially by the same 
gate voltage Which is present on the array cells and for this 
purpose it is necessary to introduce in the array of cells a 
supplementary roW Which is decoded at every reading, and 
Which replicates during transients the behaviour of the 
array’s roW Which is selected for reading. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings attached to the present speci?cation: 
FIG. 1 is a basic circuit diagram of a load-unbalance type, 

sense circuit; 

FIG. 2 is a diagram depicting the operation of [the] a 
current-unbalance type sense circuit [of FIG. 1]; 

FIG. 3 is a basic circuit diagram of a current-offset type, 
sense circuit; 

FIG. 4 is a diagram depicting the operation of the sense 
circuit of FIG. 3; 

FIG. 5 is a circuit diagram of an offsetting current 
generating circuit made in accordance With a ?rst embodi 
ment of the present invention; 

FIG. 6 depicts the dynamic characteristics of operation of 
the circuit of FIG. 5; 

FIG. 7 depicts the static characteristics of operation of the 
circuit of FIG. 5; 

FIG. 8 is a circuit diagram of the offsetting current 
generating circuit of the invention according to a different 
embodiment; 

FIG. 9 depicts the dynamic characteristics of operation of 
the circuit of FIG. 8; and 

FIG. 10 depicts the static characteristics of operation of 
the circuit of FIG. 8. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

For simplicity’s sake, in the circuit diagram of FIGS. 5 
and 8, only the offsetting current generating circuit of the 
offset-current-type sense circuit as shoWn in FIG. 3 is 
depicted; the circuit nodes M and N of the circuit of FIG. 3 
being indicated in the so-partialiZed circuit diagrams of 
FIGS. 5 and 8. 

Moreover the label DUMMY ROW used in FIGS. 5 and 
8, indicates a drive voltage line derived from a supplemen 
tary roW of cells of the array of cells Which is decoded at 
every reading and Which therefore replicates perfectly the 
behaviour of [anyone] current unbalance roW of memory 
cells of the array Which is selected for reading, during a 
transient. 

Normally, the reference column line, REFERENCE 
BITLINE, serves a certain number of column lines, 
MATRIX BITLINE, of the array and to these is adjacently 
formed on the silicon chip so as to make as similar as 

possible the voltages present on the gate of the reference cell 
and on the gate of a selected cell of the array also during 
transients, the latter having a nonnegligeable duration 
because of the RC value of a roW of the array. This 
topographic closeness betWeen these lines further enhances 
a maXimum geometrical identity of the relative reference 
cells and array cells. 
With reference to the circuit shoWn in FIG. 5, n1, n3, n4 

and n5 are cells (transistors) electrically equivalent to any 
one memory cell of the memory array programmed in an 
ON-condition. According to this ?rst preferred embodiment, 
the circuit is provided also With tWo compensation transis 
tors n2 and n6, Which are functionally unnecessary, but serve 
advantageously as compensating elements When the array 
cells, programmed in an-OFF condition (Written cells) are 
not in a perfectly cut-off condition, but Which in practice 
begin to conduct a certain current, in the order microampers, 
beyond a certain level of the driving voltage applied thereto. 
This condition is “replicated”, by analogy, also by said 
transistors (cells) n2 and n6, Which are electrically equiva 
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lent to any other memory cell of the array programmed in an 
OFF-condition, thus obtaining as a result a perfect compen 
sation of the current Which may be conducted by Written 
memory cells and Which Would disturb the process of 
unbalancing the currents Which is performed by the circuit 
of the invention, thus introducing a certain limitation toWard 
the maXimum value of the driving voltage (VCCmwc) by 
“bending” the current characteristic of the reference branch 
of the circuit toWard the current characteristic of a Written 
(OFF) cell until crossing it. As shoWn, n1, n2 and n6 are 
driven by said supplementary array roW, DUMMY ROW, 
and are topologically near, on the silicon chip, to the 
reference column line: REFERENCE BITLINE and to the 
respective array column lines: MATRIX BITLINE. This 
means that during a transient the voltages on the gates of the 
reference cell and of the array cell (not shoWn in FIG. 5), as 
Well as on the gates of the transistors n1, n2 and n6, are very 
similar and may be considered equal to each other. 

By supposing initially to neglect the contribution given by 
the optional compensation transistors n2 and n6 and by 
observing that, by assuming that all the cells (array, refer 
ence and n1) are in a saturation condition, the current of the 
cell n1 is equal in any instant to the current ?oWing through 
any selected ON-programmed cell of the array, because 
these currents depend exclusively on the respective gate 
voltages, Which are equal in both cells also during a tran 
sient. The current Ion generated by the cell n1, Which is 
identical to the current ?oWing through the selected cell of 
the array Which must be read, is mirrored by the current 
mirror formed by the transistors p1 and p2 into the right 
hand branch of the mirror and it is divided into tWo identical 
semi-currents by means of the n-channel current mirror 
formed by the transistors n3, n4 and n5, all having the same 
siZe, and it is further delivered to the column line of the array 
side (MATRIX BITLINE). By de?ning the so-obtained 
current: lojfm; and having neglected for the moment the 
contribution of the cell n2, the folloWing relation holds: 

REFRESH 

The effect of unbalancing the currents of the tWo input 
branches (MATRIX BITLINE and REFERENCE BITLINE, 
respectively) of the differential sense circuit so obtained, is 
from both a static and a dynamic point of vieW, substantially 
similar to the effect obtained in a [load-unbalance] current 
unbalance type, sense circuit, [Where the siZe of the load of 
the reference side is tWice the siZe of the load of the array 
side,] thus producing an operating characteristic similar to 
the one depicted in FIG. 2. The unbalancing circuit is, on the 
other hand, exempt of the draWbacks of a [load-unbalance] 
conventional current-unbalance circuit. Any limitation 
toWard the maXimum value of the driving voltage (VCCmax) 
is effectively eliminated by means of the optional compen 
sation transistors n2 and n6, Which are, as already said, 
equivalent to a programmed array cell, i.e. have a high 
threshold, as a cell in an OFF-condition, and they are driven 
by the supplementary roW DUMMY ROW, of the array as 
the cell n1. The drain of the transistor n6 is connected to the 
reference column line: REFERENCE BITLINE, While the 
eventual current contribution of the transistor (cell) n2, 
Which is substantially connected in common With the ?rst 
transistor n1, and Which Will essentially be identical to the 
current eventually carried by a Written memory cell (OFF 
programmed cell) of the array, Will be summed With the 
current generated by n1, thus producing a sum current 
(10,310)?) of the currents generated by n1 and n2, respec 
tively. 
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6 
The result is easily analyZed as follows: 

1. Reading of an array's ON-programmed cell 

Imr = Ion + In6 = Ion + Ioff 

[Imat ] Imaton : 

Ion + [offset = Ion + 

since the condition Imf < Imat must hold, thence Ion > [off 

a disequality Which always holds in practice for any value 

of the gate voltage of the cells. 

2. Reading of an array's OFF-programmed cell 

Imr = Ion + In6 = Ion + [Orr 

l 
[Imat] Imatojf = [off + [offset = [off + 2 — 5 'Ioff + 510“ 

since Imf > Imat must alWays holds, also in this case the 

following disequality must hold: Ion > Ioff, Which is true 

for any value of the gate voltage of the cells. 

The dynamic characteristics of operation of the current 
generating circuit of FIG. 5 are shoWn in the diagram of FIG. 
6 and the static characteristics of operation of the circuit 
shoWn in the diagram of FIG. 7 make evident the advantages 
Which are achieved by the circuit of the invention, in 
comparison either With a [load-unbalance-type] current 
unbalance type architecture of the sense circuit, represented 
by the Wide range of the operating voltage, substantially 
unlimited toWard the VCCmax, or the current-offset-type 
circuits of prior art architecture, represented by the freedom 
from error in the transient response, Which entails a smaller 
access time of the memory array. 

In accordance With an alternative embodiment of the 
invention, the current generating circuit for the sense circuit 
of the invention may also be realiZed in the form shoWn in 
the diagram of FIG. 8. The diagram is similar to that of FIG. 
5, and therein the current contribution given by the cell n2 
at the moment of generating the unbalancing current lacks 
completely. As already seen before, the effect Which is 
obtained in terms of offsetting the currents in the tWo 
branches: MATRIX BITLINE and REFERENCE BITLINE, 
may be considered similar to the effect occurring in a 
[load]current-unbalancetype sense circuit. Although, if the 
effect of the cell n6‘, connected as shoWn in the ?gure to the 
REFERENCE BITLINE, is considered too, and assuming 
the transistors n3, n4 and n5 also electrically equivalent to 
array cells, programmed in an ON-condition, it is evident 
that upon an increase of the VCC, the gate voltage of the 
transistor n6‘ Will assume a value sufficiently high to drive 
a current on the reference column line, REFERENCE 
BITLINE, having an intensity, Which though loWer than that 
of an eventual current carried by an array cell, programmed 
in an OFF-condition (Written cell) during reading, is suf? 
cient to shift toWard a higher voltage the point Wherein the 
reference current Iref characteristic crosses the current I017 of 
an array cell, programmed in an OFFcondition (Written cell), 
thus increasing the VCCmwc limit of operation of the circuit. 

In the diagram of FIG. 9 the dynamic characteristics of the 
circuit of FIG. 8 are depicted, Which clearly appear even 
further improved in comparison With the dynamic charac 
teristics of the circuit of FIG. 5, as Will be remarked later. 

In the diagram of FIG. 10, the static operation character 
istics of a reading circuit employing the current generating 
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circuit of FIG. 8 are depicted. The mentioned increased limit 
of the operation range toWard VCCmwc may be recognized 
by the fact that the reference current lrefcurve no longer 
crosses the [I017] Imaw?current curve of an OFF-programmed 
cell, notWithstanding that the voltage VCC become larger 
than 10 V. 

The current generating circuit according to the FIG. 8 
embodiment, does not provide a static operation perfor 
mance comparable to that of the circuit made in accordance 
With the FIG. 5 embodiment Which, as shoWn before, has no 
limitation toWard VCC by virtue of the contribution of 
transistors n2 and n6. The circuit of FIG. 8 is nevertheless 
simpler to implement because the required supplementary 
roW, DUMMY ROW, drives a single transistor instead of 
three transistors and therefore has a reduced capacitive load, 
positively re?ecting upon the dynamic response of the 
current generating circuit. In fact, by comparing the dynamic 
characteristics of FIG. 6 and 9, it may be observed that, for 
the circuit of FIG. 8, the characteristic curves of the refer 
ence current 1,4 and of the current Ion of an ON-programmed 
cell, diverge more rapidly during a transient than those of the 
circuit of FIG. 5. 
What We claim is: 
1. A sense circuit for reading EPROM and/or ROM type 

memory cells, programmable in an ON-condition or in an 
OFF-condition, organized in an array of columns and roWs 
of cells, selectively addressable through roW lines and bit 
lines, employing a differential ampli?er for discriminating 
the conductivity of a selected array cell from the conduc 
tivity of a reference cell in an ON-condition, functionally 
connected in series to a ?rst branch and to a second branch, 
respectively, of an input circuit of said differential ampli?er, 
between a supply rail and ground, and offsetting means, 
capable of causing a discriminating unbalancing betWeen the 
values of the currents ?oWing through said tWo branches of 
the input circuit of the differential ampli?er, betWeen the 
supply rail and ground, 

characteriZed by the fact that said offsetting means is an 
offsetting current generating circuit formed by 

at least a ?rst transistor (n1) having electrical character 
istics equivalent to the electrical characteristics of 
anyone cell of said memory cells programmed in an 
ON-condition, and having a gate to Which a driving 
voltage essentially identical to the voltage applied to a 
gate of a selected array cell to be read is applied for 
generating a ?rst current (Ion) substantially identical to 
the current ?oWing through a selected array cell Which 
is programmed in an [ONcondition] ON condition; 

a ?rst current mirror capable of mirroring said ?rst 
generated current (Ion) in an output branch of said ?rst 
mirror; 

a second current mirror, connected to said output branch 
of said ?rst current mirror and capable of splitting said 
?rst current (Ion) into tWo identical semicurrents, one of 
Which ([offml 101756,) is forced through said ?rst branch 
of said input circuit of said differential ampli?er com 
prising said selected array cell to be read thus causing 
said discriminating current unbalance; 

said driving voltage of said ?rst transistor being provided 
by means of a supplementary roW of cells, Which 
supplementary roW is decoded at every reading and 
Which replicates, during transients, the electrical 
behaviour of the roW of the array Which includes said 
selected cell to be read. 

2. A sense circuit for reading EPROM and/or ROM type 
memory cells, programmable in an ON-condition or in an 
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8 
OFF-condition, organiZed in an array of columns and roWs 
of cells, selectively addressable through roW lines and bit 
lines, employing a differential ampli?er for discriminating 
the conductivity of a selected array cell from the conduc 
tivity of a reference cell in an ON-condition, functionally 
connected in series to a ?rst branch and to a second branch, 
respectively, of an input circuit of said differential ampli?er, 
betWeen a supply rail and ground, and offsetting means 
capable of causing a discriminating unbalancing betWeen the 
values of the currents ?oWing through said tWo branches of 
the input circuit of the differential ampli?er, betWeen the 
supply rail and ground, 

characteriZed by the fact that said offsetting means is an 
offsetting current generating circuit formed by at least 
a ?rst transistor (n1) having electrical characteristics 
equivalent to the electrical characteristics of anyone 
cell of said memory cells programmed in an 
ON-condition, and having a gate to Which a driving 
voltage essentially identical to the voltage applied to a 
gate of a selected array cell to be read is applied for 
generating a ?rst current (Ion) substantially identical to 
the current ?oWing through a selected array cell Which 
is programmed in an [ONcondition] ON condition; 

a second transistor (n2) having electrical characteristics 
equivalent to the electrical characteristics of anyone of 
said memory cells programmed in an OFF-condition, 
connected substantially in parallel With said ?rst tran 
sistor (n1) for generating an additional current (I017) 
Which is substantially identical to the current ?oWing 
through a selected array cell programmed in an OFF 
condition; 

a ?rst current mirror capable of mirroring a sum current 
(10,3101?) of said currents generated by said ?rst and said 
second transistors in an output branch of said ?rst 
mirror; 

a second current mirror, connected to said output branch 
of said ?rst mirror and capable of splitting said sum 
current into tWo identical semicurrents, one of Which 
(loffm) is forced through said ?rst branch of said input 
circuit of said differential ampli?er Which includes said 
selected array cell to be read, thus determining said 
discriminating current unbalance; 

a third transistor (n6), having the same characteristics of 
said second transistor (n2), connected into said second 
branch of said input circuit including said reference cell 
and having a gate to Which a driving voltage essentially 
identical to the voltage Which is applied to the gate of 
said selected cell to be read is applied for forcing a 
current identical to said additional current (I0 ) through 
said second branch of said input circuit including said 
reference cell; 

said driving voltage of said ?rst, second and third 
transistors, being provided by a supplementary roW of 
cells Which is decoded at every reading and Which 
replicates, during transients, the electrical behaviour of 
the roW of the array Which contains said selected cell to 
be read; 

the reading conditions of a memory cell programmed in 
an ON-condition and of a memory cell programmed in 
an OFFcondition being represented, respectively, by 
the disequalities betWeen the currents Which ?oW 
through said second branch containing said reference 
cell (Ire) and said ?rst branch containing said cell to be 
read (1mm): lref<lmm and lref>lmap respectively, and 
Which are detected by means of said differential 
ampli?er, being satis?ed both by the univocal condi 
tion: IOn>IO?, Which is intrinsically true. 
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3. A sense circuit for reading EPROM and/or ROM type 
memory cells, programmable in an ON-condition or in an 
OFF-condition, organized in an array of columns and rows 
of cells, selectively addressable through row lines and bit 
lines, employing a differential ampli?er for discriminating 
the conductivity of selected array cell from the conductivity 
of a reference cell in an ON-condition, functionally con 
nected in series to a ?rst branch and to a second branch, 
respectively, of an input circuit of said differential ampli?er, 
between a supply rail and ground, and offsetting means 
capable of causing a discriminating unbalancing between the 
values of the currents ?owing through said two branches of 
the input circuit of the differential ampli?er, between the 
supply rail and ground, 

characterized by the fact that said offsetting means is an 
offsetting current generating circuit formed by 

at least a ?rst transistor (n1) having electrical character 
istics equivalent to the electrical characteristics of 
anyone cell of said memory cells programmed in an 
ON-condition, and having a gate to which a driving 
voltage essentially identical to the voltage applied to a 
gate of a selected array cell to be read is applied for 
generating a ?rst current (Ion) substantially identical to 
the current ?owing through a selected array cell which 
is programmed in an ON-condition; 

a ?rst current mirror capable of mirroring said ?rst 
generated current (Ion) in an output branch of said ?rst 
mirror; 

a second current mirror, connected to said output branch 
of said ?rst current mirror and capable of splitting said 
?rst current (Ion) into two identical semicurrents, one of 
which (loffm) is forced through said ?rst branch of said 
input circuit of said differential ampli?er comprising 
said selected array cell to be read thus causing said 
discriminating current unbalance; 

a second transistor (n6‘), having electric characteristics 
equivalent to the characteristics of anyone cell of said 
memory cells programmed in an OFF-condition, con 
nected into said second branch of said input circuit 
which contains said reference cell and having a gate to 
which a driving voltage of a fractionary value in respect 
to the voltage of said supply rail, is applied for forcing 
a current ([1077] I @175”) of fractionary value in respect to 
the current which ?ows through a selected array 
memory cell programmed in an OFF-condition[, 
condition,] through said second branch of said input 
circuit which contains said reference cell; 

said driving voltage of said ?rst transistor being essen 
tially identical to the voltage applied to the gate of the 
selected array cell to be read and being provided by a 
supplementary row of cells, which is decoded at every 
reading and which replicates during transients, the 
electrical behaviour of the row of the array which 
contains said selected cell to be read. 

4. A read circuit for determining the state of a matrix 
nonvolatile memory cell, which, in response to a read signal, 
generates a read current equal to an on current if pro 
grammed in an on state and equal to an ojf current that is 
less than said on current if programmed in an ojf state 
comprising: 

a matrix line coupled to said memory cell and operable to 
conduct a unidirectional matrix current that equals the 
sum of said read current and an ojfset current,' 

a reference line operable to conduct a reference current 
that is greater than said ojfset current,' 

a reference circuit coupled to said reference line and 
operable to generate said reference current in response 
to said read signal,' 
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an ojfset circuit coupled to said matrix line and operable 

to generate said ojfset current in response to said read 
signal,' and 

a dijferential ampli?er coupled between said matrix and 
reference lines and operable to compare said matrix 
current with said reference current. 

5. The read circuit of claim 4 wherein said reference 
current is substantially equal to said on current. 

6. The read circuit of claim 4 wherein said reference 
current substantially equals the sum of said on and ojf 
currents. 

7. The read circuit of claim 4 wherein said reference 
current substantially equals the sum of said on current and 
a fraction of said ojf current. 

8. The read circuit of claim 4 wherein said ojfset current 
equals a fraction of said on current. 

9. The read circuit of claim 4 wherein said ojfset current 
substantially equals one half of said on current. 

10. The read circuit of claim 4 wherein said ojfset current 
equals a fraction of the sum of said on and ojf currents. 

11. The read circuit of claim 4 wherein said ojfset current 
substantially equals one half of the sum of said on and ojf 
currents. 

12. The read circuit of claim 4 wherein said ojfset circuit 
comprises a dummy row of nonvolatile memory cells that are 
operatively coupled to receive said read signal. 

13. A method for reading a nonvolatile memory cell, 
comprising: 

generating in response to a read signal a matrix current 
that equals the combination of a read current and an 
ojfset current,~ 

generating in response to said read signal a reference 
current, which, during a transient period following 
activation of said nonvolatile memory cell, is less than 
or equal to said matrix current when said cell is in an 
on state, and which is greater than or equal to said 
matrix current when said cell is in an ojf state,' and 

comparing said matrix current to said reference current. 
14. The method of claim 13 wherein said reference current 

is substantially equal to the on current of said memory cell. 
15. The method of claim 13 wherein said reference current 

is substantially equal to the sum of the on and ojf currents 
of said memory cell. 

16. The method of claim 13 wherein said reference current 
is substantially equal to the sum of the on current and a 
fraction of the ojf current of said memory cell. 

17. The method of claim 13 wherein said ojfset current is 
equal to a fraction of the on current of said memory cell. 

18. The method of claim 13 wherein said ojfset current is 
substantially equal to one half of the on current of said 
memory cell. 

19. The method of claim 13 wherein said ojfset current is 
equal to a fraction of the sum of the on and ojf currents of 
said memory cell. 

20. The method of claim 13 wherein said ojfset current is 
substantially equal to one half of the sum of the on and ojf 
currents of said memory cell. 

21. The method of claim 13 wherein said generating a 
matrix current comprises coupling said read signal to a row 
of nonvolatile memory cells that are similar to said memory 
cell to generate said ojfset current. 

22. A circuit for reading a matrix nonvolatile memory cell 
having an input coupled to a word line, which is coupled to 
an address decoder; and having an output, comprising: 

an ojfset drive line that is at substantially a same potential 
as said word line during a transient period of a read of 
said cell,' 
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a reference drive line; 
a matrix line coupled to said memory-cell output; 

a reference line; 
a dijferential ampli?er having a ?rst input coupled to said 

matrix line and a second input coupled to said refer 
ence line; 

a reference-current generator having an input coupled to 
said reference drive line and an output coupled to said 
reference line; and 

an ojfset-current generator having an input coupled to 
said ojfset drive line and an output coupled to said 
matrix line. 

23. The circuit of claim 22 wherein said reference drive 
line is at substantially said same potential during said read 
of said cell. 

24. The circuit of claim 22 wherein said reference-current 
generator comprises a ?rst reference nonvolatile memory 
cell programmed in an on state and having an input and an 
output respectively coupled to said reference-current gen 
erator input and output. 

25. The circuit of claim 24 wherein said reference-current 
generator further comprises a second reference nonvolatile 
memory cell programmed in an ojf state and having an 
output coupled to said output of said reference-current 
generator. 

26. The circuit of claim 25 wherein said second reference 
nonvolatile memory cell comprises an input coupled to said 
input of said reference-current generator 

27. The circuit of claim 25 wherein said second reference 
nonvolatile memory cell comprises an input coupled to said 
ojfset drive line. 

28. The circuit of claim 25 wherein said second reference 
nonvolatile memory cell comprises an input that is coupled 
to said ojfset-current generator 

29. The circuit of claim 22 wherein said ojfset-current 
generator comprises a dummy row of nonvolatile memory 
cells each having an input coupled to said ojfset drive line. 
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30. The circuit of claim 22 wherein said ojfset-current 

generator comprises: 
an input current generator having an input coupled to 

said input of said ojfset-current generator and having 
an output; 

a current mirror having an input coupled to said output of 
said input-current generator and having an output; and 

a current divider having an input coupled to said output 
of said current mirror and an output coupled to said 
output of said ojfset-current generator 

31. The circuit of claim 30 wherein said input current 
generator comprises a ?rst nonvolatile memory cell pro 
grammed in an on state and having an input and an output 
respectively coupled to said input and output of said input 
current generator. 

32. The circuit of claim 31 wherein said input current 
generator further comprises a second nonvolatile memory 
cell programmed in an ojf state and having an input and an 
output respectively coupled to said input and output of said 
input current generator 

33. The circuit of claim 30 wherein said current divider 
comprises: 

?rst and second diode-connected nonvolatile memory 
cells programmed in an on state and coupled in par 
allel to said input of said current divider; and 

a third nonvolatile memory cell having an input and 
output respectively coupled to said input and output of 
said current divider. 

34. The circuit of claim 30 wherein said reference-current 
generator further comprises a reference nonvolatile memory 
cell programmed in an ojf state and having an input coupled 
to said output of said current mirror and having an output 
coupled to said reference line. 


