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(57) ABSTRACT 
A method for testing a programmable, non-volatile memory 
including a matrix of memory cells is provided. A plurality 
of memory cells are programmed. The programmed memory 
cells are addressed in succession to identify a loWest of 
threshold voltage levels. The addressing for each memory 
location includes applying a selection voltage that is loWer 
than the loWest threshold voltage level corresponding to a 
memory location currently being addressed. The bits are 
read from the programmed memory cells for the memory 
location currently being addressed. The reading is repeated 
While progressively changing the selection voltage supplied 
to the Word line corresponding to the memory location 
currently being addressed until it is detected that at least one 
of the bits of the memory location currently being addressed 
has switched from a ?rst logic level corresponding to a 
reading of a programmed memory cell to a second logic 
level corresponding to a reading of a non-programmed 
memory cell. The loW threshold voltage level is compared in 
the memory location currently being addressed as deter 
mined in the reading With a stored value corresponding to 
the loWest of the loW threshold voltages of the memory 
locations previously addressed. 



Patent Application Publication Aug. 23, 2001 Sheet 1 0f 2 US 2001/0015925 A1 



Patent Application Publication Aug. 23, 2001 Sheet 2 0f 2 US 2001/0015925 A1 

FIG.2 

100 



US 2001/0015925 A1 

METHOD AND A CIRCUIT ARCHITECTURE FOR 
TESTING AN INTEGRATE CIRCUIT 
COMPRISING A PROGRAMMABLE, 

NON-VOLATILE MEMORY 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of inte 
grated circuits and, more particularly, to semiconductor 
memories such as programmable, non-volatile memories 
Which includes EPROMs, EEPROMs and Flash EEPROMs, 
for example. The present invention addresses the problem of 
testing a non-volatile semiconductor memory integrated in a 
dedicated semiconductor chip (stand alone memory), or a 
memory that is part of a more complex electronic system 
integrated in a single semiconductor chip (embedded 
memory). 

BACKGROUND OF THE INVENTION 

[0002] After their manufacture, integrated circuits are 
subjected to functional tests to ensure that they operate 
correctly and conform to the speci?ed performance. The 
types of tests Which have to be carried out on the integrated 
circuits vary based upon the type of circuit. With regard to 
non-volatile memories in particular, and even more particu 
larly to electrically-programmable non-volatile memories 
(EPROMs, EEPROMs, Flash EEPROMs), an important 
check Which has to be performed is that of checking their 
ability to retain the data programmed and thus stored in the 
memory. This check is necessary to be able to offer a product 
With a guarantee that it is reliable over time. 

[0003] Typically, tests of this type are carried out on each 
integrated memory circuit by suitable test instruments by 
?rst programming all of the memory cells so that each cell 
Which, as is knoWn, comprises a MOS transistor With a 
modi?able threshold voltage that is brought to a high 
threshold-voltage state. Each cell is then individually 
accessed to identify the loWest of the threshold voltages of 
all of the cells. This value is subsequently compared With a 
neW loWest value Which is normally different and typically 
loWer. The neW loWest value is obtained by making the same 
measurement after the integrated memory circuit has been 
subjected to a thermal stress (baking) to simulate ageing of 
the product. 

[0004] On the basis of the change in the loWest threshold 
voltage before and after the thermal stressing, it is possible 
to establish criteria on the basis of Which to discard products 
Which do not ensure the desired performance or, When there 
are several qualitative categories for the same product, to 
classify the product in the correct category on the basis of its 
performance characteristics. 

[0005] As mentioned, the identi?cation of the loWest 
threshold voltage of the memory cells before and after the 
device has been subjected to thermal stress provides for a 
measurement to be taken by accessing the individual cells, 
that is, by the so-called direct memory access (DMA) 
technique. This technique provides for each cell to be 
individually addressed from external the memory, and for 
the current absorbed by the cell as its gate voltage increases 
to be measured by an ammeter. This requires bypassing the 
cell-reading circuitry integrated in the device. 

[0006] Clearly, an approach of this type is extremely sloW 
and therefore expensive, since it lengthens the overall pro 
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duction time. This is true in particular for medium-capacity 
or high-capacity memory devices having a very large num 
ber of memory cells, such as those Which are available 
noWadays. 

SUMMARY OF THE INVENTION 

[0007] In vieW of foregoing background, an object of the 
present invention is therefore to provide a method of testing 
an integrated circuit comprising a non-volatile memory, 
particularly a programmable, non-volatile memory, Which 
does not involve the disadvantages intrinsic in current 
methods used. 

[0008] Another object of the present invention is to pro 
vide, in particular, a method of checking the retention of the 
data programmed into the memory, Which does not involve 
the disadvantages of current methods. 

[0009] Yet another object of the present invention is to 
provide a circuit architecture for implementing these meth 
ods. 

[0010] According to the present invention, the above 
mentioned ?rst object of the invention is achieved by the 
method de?ned in claim 1. 

[0011] Also according to the present invention, the second 
object of the invention is achieved by the method de?ned in 
claim 9. 

[0012] The third object of the invention is achieved by 
means of the circuit architecture de?ned in claim 13. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The characteristics and the advantages of the 
present invention Will become clear from the folloWing 
detailed description of some possible practical embodiments 
Which should be regarded purely as non-limiting examples 
and are illustrated in the appended draWings, in Which: 

[0014] FIG. 1 shoWs, schematically, a ?rst practical 
embodiment of the present invention; and 

[0015] FIG. 2 shoWs, again schematically, a second prac 
tical embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0016] With reference to FIG. 1, an integrated memory 
circuit, particularly a programmable, non-volatile memory 
such as, for example, an EPROM, an EEPROM, or a Flash 
EEPROM, is generally indicated by reference 1, and Will be 
referred to beloW, in short, as the memory 1. In particular, 
the memory 1 is of the stand alone type, that is, it is 
integrated independently in a dedicated semiconductor chip. 
HoWever, this should not be understood as a limitation of the 
present invention Which is equally applicable to an embed 
ded memory, that is, a memory Which is part of a more 
complex electronic system integrated in a single semicon 
ductor chip. 

[0017] The term terminal is intended to de?ne beloW an 
electrical terminal of the integrated circuit Which is acces 
sible from external the integrated circuit, that is, from 
outside the semiconductor chip in Which the circuit is 
integrated, and by means of Which the integrated circuit can 
communicate With the outside environment. 
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[0018] Among the terminals of the memory 1 there are, in 
particular, a terminal 7 for connection to a voltage supply 
VDD, and a terminal 8 for connection to a reference voltage 
such as ground GND. For example, the voltage VDD is 5 
volts or 3 volts. Internally, the memory 1 comprises a matrix 
2 of memory cells Which Will also be referred to beloW as the 
memory matrix 2. The memory cells are not shoWn in detail 
since, naturally, they may be EPROM, EEPROM or Flash 
EEPROM cells, as the case may be. 

[0019] The memory 1 has externally accessible terminals 
A1-Ah, by means of Which signals for addressing the 
respective memory locations can be supplied to the memory 
from outside. The terminals A1-Ah are connected to respec 
tive input buffers, generally indicated by reference 6, at the 
outputs of Which a bus ADD for addressing signals Within 
the memory is provided. The memory matrix 2 is arranged, 
in a knoWn manner, in 2rn roWs or Word lines WL and 2D 
columns or bit lines BL. 

[0020] A line decoding circuit 3 receives m digital line 
addressing signals (generally indicated RADD) from the bus 
ADD, decodes them and, according to the particular binary 
code carried by the line addressing signals RADD, activates 
one of 2m line selection signals RS to select a corresponding 
line WL of the 2m lines of the memory matrix 2. Each line 
selection signal RS controls a respective line WL of the 
memory matrix 2 by a respective driver circuit. In FIG. 1, 
the 2m driver circuits are shoWn as a single block 10. 

[0021] A column decoding circuit 4 receives n digital 
column addressing signals (generally indicated CADD) 
from the bus ADD, decodes them and, according to the 
particular binary code carried by the column addressing 
signals CADD, activates one of a set of column selection 
signals CS. It should be noted that the example shoWn in 
FIG. 1 relates to a memory 1 With a parallel output Width of 
k, that is, a memory Which can supply a digital output code 
or Word of k bits. Typically, k is equal to eight or sixteen. The 
set of column selection signals CS Will therefore comprise 
2n/k signals, each associated With k columns BL. For each 
binary code in the n column addressing signals CADD, k 
columns Will be selected simultaneously from the 2D col 
umns of the memory matrix 2. 

[0022] The 2D columns BL of the memory matrix 2, 
arranged in k packets each of 2n/k columns, are connected 
to k selection circuits 5 Which receive the 2n/k column 
selection signals from the column decoding circuit 4. The 
selection circuits 5 are basically 2n/k-to-l multiplexers and 
each has an output connected to a respective reading circuit 
sense ampli?er SA for reading the data stored in the memory 
cells. The k outputs O1-Ok of the k reading circuits SA are 
supplied by respective output buffers OB to k respective 
output terminals I/O1-I/Ok of the integrated circuit. In a 
programmable, non-volatile memory, the output terminals 
I/O1-I/Ok are input/output terminals since they are the same 
terminals to Which the data to be programmed into the 
memory cells is supplied from outside the memory. 

[0023] The k outputs O1-Ok of the k reading circuits SA 
are also supplied as inputs to an OR gate OR1, the output of 
Which can be connected to a terminal of the memory 1 by a 
further output buffer 9. The terminal to Which the output of 
the output buffer 9 can be connected may advantageously be 
one of the terminals I/O1-I/Ok, such as terminal I/Ok, for 
example. Both the output buffers OB and the output buffer 
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9 are of the tristate type, that is, they can be deactivated in 
a manner such that their outputs can be put in a high 
impedance condition. 

[0024] An input buffer 12 connected to a generic terminal 
T2 of the memory 1 has a triggering threshold such that it 
sWitches When a voltage value at its input, that is, at the 
terminal T2, is higher than the normal value corresponding 
to a high logic level. For example, bearing in mind that the 
supply voltage VDD is typically 5 volts or 3 volts, the input 
buffer 12 may be formed in a manner such that its triggering 
voltage is 10 volts. The output 13 of the input buffer 12 
controls the output buffers OB and the further output buffer 
9 in a manner such that the latter is activated When the 
former are deactivated, and vice versa. 

[0025] During normal operation of the memory, the driver 
circuits 10 of the lines WL are supplied by the voltage VDD, 
that is, by the supply voltage of the memory supplied via the 
terminal 7. The supply voltage can, hoWever, be supplied to 
the driver circuits 10 directly from outside the memory 1 via 
a terminal generally indicated T1 thereof by a sWitch 11. 

[0026] The terminals T1 and T2 may advantageously be 
tWo of the terminals I/O1-I/Ok, other than the terminal to 
Which the output buffer 9 is connected. Alternatively, the 
terminals T1 and T2 may be tWo other terminals of the 
integrated circuit provided that they are not among those 
used in the testing operation. Typically, this does not include 
terminals 7 and 8 because the supply voltage VDD and the 
reference voltage GND are supplied to the integrated circuit 
through these terminals. This also does not include the 
terminals A1-Ah because the external addressing signals are 
supplied to the integrated circuit through these terminals. An 
expert in the art Will easily be able to identify, according to 
the type of integrated circuit, Which terminals to use for 
implementing the testing method according to the present 
invention and, of course, it is clearly preferable, although not 
absolutely essential, to make use of the terminals already 
provided in the integrated circuit. This avoids having to 
provide additional terminals. 

[0027] A device 14 Which can be used for testing the 
memory 1 is shoWn extremely schematically in FIG. 1. The 
test device 14 can supply addressing signals for addressing 
the locations of the memory to the terminals A1-Ah of the 
memory 1. The device 14 also supplies a signal 15 for 
activating the testing mode to the terminal T2 of the memory 
1. The terminal T1 is connected to a variable-voltage gen 
erator. The device 14 is connected to the terminal I/Ok of the 
memory 1 to receive the output of the output buffer 9. 

[0028] The memory 1 is tested in the folloWing manner. 
The memory 1 is ?rst subjected to programming all of the 
memory cells by the normal programming method. This 
brings about an increase in the threshold voltage values (i.e., 
a threshold shift) of the memory cells. Although all of the 
various cells of the memory are put in a substantially 
identical condition during the programming, the threshold 
voltage varies from cell to cell in accordance With a statis 
tical distribution, as is readily knoWn by one skilled in the 
art. 

[0029] To enter the testing mode, the device 14 sets the 
signal 15, and hence the terminal T2 of the memory 1 at a 
sufficiently high voltage, such as 10 volts. This voltage value 
causes the buffer 12 to sWitch, thus activating the signal 13 
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Which, on the one hand, deactivates the output buffers OB 
Which are put in the high-impedance condition and, on the 
other hand, activates the output buffer 9 Which thus connects 
the output of the OR gate OR1 to the terminal I/Ok of the 
memory 1. The sWitch 11 sWitches and connects the supply 
of the driver circuits 10 to the terminal T1 of the memory 1. 

[0030] The device 14 accesses all of the locations of the 
memory 1 via the terminals A1-Ah, that is, it scans all of the 
possible combinations of addressing signals. For each com 
bination of addressing signals, the test device 14 causes the 
voltage value applied to the terminal T1 to vary, starting 
from an initial loW value Which is de?nitely beloW the 
loWest threshold voltage of the programmed cells. This 
initial value may, for example, be 0 volts, or a higher value 
equal to the mean threshold voltage of the cells When they 
are not programmed, for example. The voltage applied to the 
terminal T1 may be varied continuously (a continuous ramp) 
or discretely (a stepped ramp). In the latter case, the siZe of 
the steps of the ramp Will depend on the degree of resolution 
to be achieved in the measurement of the loWest threshold 
voltage. A suitable step siZe is, for example, 100 mvolts. 

[0031] The line WL currently selected is brought by the 
respective driver circuit 10 to the voltage supplied by the test 
device 14 at the terminal T1. As long as the voltage supplied 
by the test device 14 at the terminal T1 is loWer than the 
loWest of the threshold voltages of the memory cells belong 
ing to the memory location currently addressed, all of the 
outputs O1-Ok of the reading circuits SA remain at a 
predetermined logic level conventionally corresponding to 
the reading of a programmed memory cell. For example, the 
predetermined logic level is a loW logic level The output 
of the OR logic gate OR1 thus remains at the loW logic level 
and the device 14 therefore continues to detect a loW logic 
state at the terminal I/Ok driven by the output buffer 9. 

[0032] When the voltage supplied to the terminal T1 
reaches the loWest of the threshold voltage values of the 
memory cells belonging to the location currently addressed, 
the output of the corresponding reading circuit SA sWitches 
and is brought to the logic level conventionally correspond 
ing to the reading of a non-programmed memory cell. In the 

example described, the logic level is a high logic level Since all of the outputs of the reading circuits are connected 

in an OR logic arrangement, the sWitching of only one of the 
signals O1-Ok to the high logic state brings about sWitching 
of the OR gate OR1, and consequently sWitching of the logic 
state at the terminal I/Ok. This sWitching is detected by the 
test device 14 Which can thus infer that the voltage currently 
applied to the terminal T1 of the memory 1 corresponds to 
the loWest of the threshold voltage values of the memory 
cells belonging to the memory location currently addressed. 
This value is stored by the test device 14. 

[0033] These steps are repeated for all of the memory 
locations of the memory 1. That is, for each memory 
location, the loWest of the threshold voltage values of the 
memory cells belonging to that location is determined in the 
manner described above. If the loWest value identi?ed for 
the location currently addressed is loWer than the loWest 
value Which has been measured for the memory locations 
previously addressed and is stored in the test device 14, the 
test device updates the loWest value stored therein. 

[0034] The loWest threshold voltage of the memory cells 
of the memory matrix 2 is thus determined by accessing all 
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of the memory locations. It can easily be understood that the 
method according to the invention achieves a signi?cant 
saving in time in comparison With the conventional method 
Which provides for direct access to each individual memory 
cell, i.e., a direct memory access (DMA). In fact, bearing in 
mind that the matrix 2 contains 2m><2n memory cells Which, 
With the DMA technique, Would have to be accessed indi 
vidually, it suf?ces, by virtue of the method according to the 
invention, to access (2““><2“)/k memory locations. 

[0035] For a memory With a parallel output capacity of 
k=8, the time required to identify the loWest threshold 
voltage value of the cells of the memory matrix is reduced 
to Vs of the time Which Would be required by the DMA 
technique. The saving in time becomes even more signi? 
cant for memories With a larger parallel output capacity, for 
example l<=16. 
[0036] The method described above can advantageously 
be used in an operation to check the retention of data by the 
memory 1. In this case, after the loWest memory threshold 
voltage has been identi?ed and stored, the memory is 
subjected to thermal stress to simulate ageing. After the 
thermal stressing Which, typically, Will have caused a reduc 
tion in the threshold voltages of the memory cells, the 
measurement of the loWest threshold value of the memory 1 
can be performed again in the same manner as described 
above. The neW value thus determined can be compared 
With the value previously stored in order to evaluate to What 
extent the thermal stressing, and hence the simulated ageing 
of the memory, has affected the ability of the memory to 
keep the programmed data stored. 
[0037] The test method described may be performed on a 
silicon Wafer, that is, before it is divided into individual dice. 
Naturally, the use of the OR gate OR1 in the architecture 
shoWn in FIG. 1 should not be considered to be a limitation 
of the present invention but merely a practical implemen 
tation resulting from the fact that it has been established, 
purely by convention, that the logic levels of the outputs 
O1-Ok of the reading circuits SA are the loW logic level 
When a programmed memory cell is read and the high logic 
level When a non-programmed memory cell is read, respec 
tively. 
[0038] Clearly, if the opposite convention Were adopted, it 
Would be necessary to use an AND gate instead of the OR 
gate OR1. In general, therefore, in order to implement the 
method according to the present invention, the outputs 
O1-Ok of the reading circuits SA Will be supplied in parallel 
to a logic circuit With k inputs and one output Which can 
sWitch the logic level at its output When at least one of the 
inputs is subjected to sWitching. 
[0039] It should be noted that although, in the example 
described above, the loWest threshold voltage of the memory 
1 Which is determined by the test device 14 by accessing all 
of the memory locations in sequence is stored in the device 
14, for example, for subsequent comparison With the neW 
loWest threshold voltage determined by repeating the mea 
surement after having subjected the memory to thermal 
stress, the loWest threshold voltage determined before the 
thermal stress may also be stored directly in the memory 1. 
For this purpose one or, in general, several locations of the 
memory 1 may be dedicated to the storage of the loWest 
threshold voltage in digital form. 
[0040] In other Words, once the test device 14 has iden 
ti?ed the loWest threshold voltage of the memory 1 by the 
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method described above, the device 14 can convert it into a 
digital code, for example, of k bits, and can then store the 
code in the location of the memory 1 dedicated to this 
purpose. This dedicated location should not be subjected to 
preliminary programming nor should it be accessed during 
the search for the loWest threshold voltage value. 

[0041] It should also be noted that the method according 
to the invention and the circuit architecture for implement 
ing it do not exclude the possibility of conventional direct 
access to the cells of the memory 1 being performed in 
accordance With the DMA technique. This capability may in 
any case be required to be able to perform particular 
characteriZations of the memory cells. For example, 
although for simplicity, this is not indicated in FIG. 1, it is 
knoWn that the techniques for reading the memory cells, and 
hence the respective reading circuits SA, are typically of the 
differential type. This is based on a comparison of the 
current absorbed by a memory cell currently addressed With 
the current absorbed by a reference memory cell Which is in 
a knoWn programming state and is taken as a reference. It is 
therefore important to be able to perform a detailed charac 
teriZation of the reference memory cells. 

[0042] FIG. 2 shoWs schematically a memory With a 
circuit architecture Which, as Well as enabling the method of 
the present invention to be implemented, also permits direct 
access to the memory cells (DMA). The memory is, for 
example, of the embedded type, that is, part of a more 
complex circuit 100 integrated in a single semiconductor 
chip. 

[0043] The memory comprises a matrix of memory cells 
20 comprising eight lines (Word lines) WL1-WL8 and ?ve 
columns (bit lines) BL1-BL5, for a total of eight ?ve-bit 
memory locations. The bit lines BL1-BL5 are connected to 
respective reading circuits (sense ampli?ers), one for each 
bit line, shoWn schematically as a single block 21. The ?ve 
outputs 01-05 of the ?ve sense ampli?ers of the block 21 
are supplied to an OR gate OR1 With ?ve inputs, Which is 
equivalent to the OR gate OR1 With k inputs of FIG. 1. The 
output 22 of the OR gate OR1 is supplied by an output buffer 
23 Which can be activated selectively to a terminal D<1> 
accessible from outside the integrated circuit 100. The 
output buffer 23 is equivalent to the output buffer 9 of FIG. 
1. 

[0044] The output buffer 23 is enabled by a signal 24 
output by an AND gate A6 Which receives a signal 25 and 
a signal 26 as inputs. The signal 25 comes from a terminal 
D<6> accessible from outside the integrated circuit 100. The 
signal 26 is an output signal of an input buffer 27, Which is 
similar to the buffer 12 of FIG. 1. This input buffer 27 has 
a high triggering threshold and its input is connected to a 
terminal D<2> accessible from outside the integrated circuit 
100. Activation of the signal 24 causes the output buffer 23, 
Which is normally kept in a high output-impedance condi 
tion, to be enabled. When the output buffer 23 is enabled, the 
signal 22 is supplied to the terminal D<1>. 

[0045] Signals coming from three terminals D<0>, D<3> 
and D<4> accessible from outside the integrated circuit 100 
are supplied to respective ?rst inputs of a ?rst set of three 
AND gates 28 each having tWo inputs, and to respective ?rst 
inputs of a second set of three AND gates 29 each having 
tWo inputs. The three AND gates of the ?rst set 28 receive, 
at their respective second inputs, a signal 30 output by a 
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tWo-input AND gate A7 Which receives, as inputs, the signal 
26 and a signal coming from a terminal D<5> accessible 
from outside the integrated circuit 100. The three AND gates 
of the second set 29 receive at their respective second inputs 
a signal 31 Which is the logic complement of the signal 30. 

[0046] Outputs 32 of the AND gates of the ?rst set 28 are 
supplied to a decoder 33. Outputs 34 of the decoder 33 are 
supplied to a NOR gate NO1, the output 35 of Which forms 
an enabling signal for the sense ampli?ers of the block 21. 
Outputs 36 of the three AND gates of the second set 29 are 
supplied to a bank 37 of three transparent registers, to the 
enabling data freeZing inputs of Which the signal 30 is 
supplied. The outputs of the three registers of the bank 37 
form signals 38 Which are supplied to a decoder 39. 

[0047] Outputs 40 of the decoder 39 Which form signals 
for selecting the lines WL1-WL8 of the matrix 20, are 
supplied to a bank 43 of driver circuits for the lines WL1 
WL8. This is equivalent to the block 10 of FIG. 1. The 
supply voltage for the driver circuits of the bank 43 is 
supplied from outside the integrated circuit 100 via a ter 
minal D<7>. The voltage applied to the line selected can 
thus be varied from outside the integrated circuit indepen 
dently of the supply voltage of the integrated circuit. 

[0048] The signals 34 output by the decoder 33 are also 
supplied to respective sWitches, generally indicated as S1. 
Each of the sWitches S1 can be activated selectively by the 
respective signal of the set of signals 34 to selectively 
connect a signal 44 to a respective one of the bit lines 
BL1-BL5. The signal 44 can be connected selectively by a 
sWitch S2 to the terminal D<1> Which is accessible from 
outside the integrated circuit 100. The sWitch S2 is con 
trolled by a logic complement of the signal 25. 

[0049] First of all, the circuit architecture described 
enables the loWest threshold voltage to be found as 
described With reference to FIG. 1. For this purpose, after all 
of the cells of the matrix 20 have been programmed, a test 
device, not shoWn, but exactly the same as that shoWn 
schematically in FIG. 1, applies to the terminal D<2> of the 
integrated circuit 100 a voltage of suitably high value, for 
example 10 volts, so that the buffer 27 is triggered and 
activates the signal 26. Avoltage corresponding to the high 
logic level is applied to the terminal D<6> Which is acces 
sible from outside the integrated circuit 100 so that the signal 
25 is activated and, When the output 24 of the AND gate A6 
is activated, it enables the output buffer 23. 

[0050] The output 22 of the OR gate OR1 is thus con 
nected to the terminal D<1> of the integrated circuit 100. A 
voltage corresponding to the loW logic level is applied to the 
terminal D<5> so that the set of AND gates 28 is disabled 
but the set of AND gates 29 is enabled. The signals applied 
to the terminals D<0>, D<3> and D<4> of the integrated 
circuit thus reach the decoding circuit 39 passing through the 
AND gates 29 and the bank of transparent registers 37. The 
decoding circuit 39 activates one of the signals 40 based 
upon the particular combination of logic values present in 
the signals 38. 

[0051] The activated signal of the set 40 reaches the 
respective driver circuit 43, thus selecting the respective line 
WL1-WL8. If the voltage applied to the terminal D<7> is 
increased from an initial loW level as soon as one of the 

outputs 01-05 of the reading circuits 21 sWitches. The 
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change from the loW logic state to the high logic state causes 
the output 22 of the OR gate OR1 to sWitch. The test 
apparatus can infer by detecting the transition at the terminal 
D<1> that the value of the voltage applied to the terminal 
D<7> at the time in question corresponds to the loWest 
threshold voltage of the cells belonging to the memory 
location selected. By repeating the same steps for all of the 
memory locations, that is, by varying the combination of 
logic states applied to the terminals D<0>, D<3> and D<4>, 
so as to scan all of the memory locations, it is possible to 
determine the loWest threshold voltage of the matrix 20. The 
initial loW level is de?nitely beloW the loWest threshold 
voltage of the programmed cells and, for example, is equal 
to the mean threshold voltage of the cells When they are not 
programmed. 

[0052] If, hoWever, a particular memory cell of the matrix 
20 is to be accessed directly in the DMA mode, the folloWing 
method is used. A high voltage is again applied to the 
terminal D<2> to trigger the buffer 27 so as to activate the 
signal 26. This puts the memory in a test mode. A voltage 
corresponding to the loW logic level is applied to the 
terminal D<6> so that the AND gate A6 is disabled by the 
signal 25, and the output buffer 23 is set in the high 
output-impedance condition. The output 22 of the OR gate 
OR1 is therefore disconnected from the terminal D<1>. At 
the same time, the sWitch S2 is closed so as to connect the 
signal 44 to the terminal D<1> of the integrated circuit 100. 

[0053] Initially, a voltage corresponding to the loW logic 
level is applied to the terminal D<5> so as to disable the 
AND gates 28 and to enable the AND gates 29. By applying 
the desired combination of logic values to the terminals 
D<0>, D<3> and D<4>, it is thus possible to select by the 
decoding circuit 39 the line WL1-WL8 containing the 
memory cell to be accessed. The voltage applied to the 
terminal D<5> is then brought to a value corresponding to 
the high logic level. The combination of logic states cur 
rently applied to the terminals D<0>, D<3> and D<4> is thus 
froZen in the registers of the bank 37 making these terminals 
available for the selection of one of the bit lines BL1-BL5, 
the AND gates 29 are disabled, and the AND gates 28 are 
enabled. 

[0054] By applying a particular combination of logic 
states to the terminals D<0>, D<3>, D<4> in accordance 
With a preselected code, it is therefore possible to activate 
one of the signals 34 by the decoder 33, closing the 
respective sWitch S1 so as to connect the desired bit line 
BL1-BL5 to the signal 44, and hence to the terminal D<1>. 
The activation of one of the signals 34 also brings about 
activation of the signal 35 Which disables the sense ampli 
?ers 21. It is thus possible, by varying the voltage applied to 
the terminal D<7>, to measure by an ammeter connected to 
the terminal D<1> the current absorbed by the memory cell 
belonging to the Word line and to the bit line selected. This 
bypasses the sense ampli?ers. 

[0055] Clearly, in this second embodiment of the present 
invention, it is also possible to make use of one or more 
memory locations for the storage of the loWest threshold 
voltage of the memory matrix 20 determined in the manner 
described above. This may, for example, be useful to per 
form a comparison With the loWest threshold voltage mea 
sured after the integrated circuit 100 has been subjected to 
thermal stress. The memory location or locations intended 
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for storing the loWest threshold voltage measured should not 
be subjected to preliminary programming or to scanning 
during the check. 

[0056] With regard to the capability for direct access to the 
memory cells, clearly, With an arrangement similar to that 
shoWn in FIG. 2, it is possible to access directly the 
reference memory cells used as reference cells by the sense 
ampli?ers for comparison With the memory cells of the 
matrix Which are to be read. 

[0057] Naturally, further variations and/or additions may 
be applied to the embodiments described above and illus 
trated, Without thereby departing from the scope of protec 
tion of the invention de?ned by the appended claims. 

That Which is claimed is: 
1. A method of testing an integrated circuit (1; 100) 

comprising a programmable, non-volatile memory With a 
matrix (2; 20) of memory cells, the method comprising a 
step of programming substantially all of the memory cells of 
the matrix (2; 20), and a step of accessing the programmed 
memory cells in order to identify the loWest of the threshold 
voltages of the programmed cells, characteriZed in that the 
step of accessing the programmed cells provides for the 
addressing, in succession, of all of the locations of the 
memory of Which the memory cells have been programmed, 
and, for each memory location addressed: 

a) the supply of an initial selection voltage, selected so as 
de?nitely to be loWer than the loWest threshold voltage, 
to a line (WL; WLl-WLS) of the matrix (2; 20) 
corresponding to the memory location currently 
addressed; 

b) a reading of the memory cells of the memory location 
currently addressed With the use of reading circuits 
(SA; 21) of the memory, 

c) repetition of step b), progressively increasing the 
selection voltage supplied to the line (WL; WL1-WL8) 
of the matrix (2; 20) corresponding to the memory 
location currently addressed until it is detected that at 
least one of the bits of the memory location currently 
addressed has sWitched from a ?rst logic level corre 
sponding to the reading of a programmed memory cell 
to a second logic level corresponding to the reading of 
a non-programmed memory cell, the selection voltage 
for Which the sWitching is detected being the loWest 
threshold voltage of the threshold voltages of the 
programmed cells in the memory location currently 
addressed, 

d) comparison of the loWest threshold voltage in the 
memory location currently addressed, determined in 
step c), With a stored value corresponding to the loWest 
of the loWest threshold voltages of the memory loca 
tions previously addressed, 

e) storage of the loWest threshold voltage of the location 
currently addressed if it is loWer than the stored value. 

2. A method according to claim 1, in Which the selection 
voltage for the line (WL; WL1-WL8) of the matrix (2; 20) 
corresponding to the memory location currently addressed is 
increased in accordance With a voltage ramp. 

3. A method according to claim 2, in Which the voltage 
ramp is a stepped ramp. 
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4. A method according to any one of claims 1, 2 and 3, in 
Which, in step c), in order to detect the switching of at least 
one of the bits of the memory location currently addressed, 
output signals (O1-Ok; 01-05) of the reading circuits (SA; 
21) are supplied to a logic circuit (OR1) Which can bring 
about sWitching of a respective output signal When at least 
one of the output signals (Ol-Ok; 01-05) of the reading 
circuits (SA; 21) sWitches from the ?rst logic level to the 
second logic level, the logic state of the output signal of the 
logic circuit (OR1) being monitored to detect the sWitching. 

5. A method according to claim 4, in Which the logic 
circuit (OR1) is apt to perform an OR logic operation on the 
output signals (O1-Ok; 01-05) of the reading circuits (SA; 
21). 

6. A method according to claim 4, in Which the logic 
circuit is apt to perform an AND logic operation on the 
output signals (O1-Ok; 01-05) of the reading circuits (SA; 
21). 

7. A method according to any one of claims 4, 5 and 6, in 
Which the selection voltage for the lines corresponding to the 
memory locations addressed is supplied by a test device (14) 
outside the integrated circuit (1; 100), via a ?rst externally 
accessible terminal (T1; D<7>) of the integrated circuit, the 
logic circuit (OR1) is integrated in the integrated circuit, and 
the respective output signal is supplied to a second exter 
nally accessible terminal (I/Ok; D<1>) of the integrated 
circuit so that it can be monitored by the test device. 

8. A method according to claim 7, in Which, for the ?rst 
terminal (T1; D<7>) and the second terminal (I/Ok; D<1>), 
the test device (14) uses terminals of the integrated circuit 
(1; 100) Which are provided for the normal operation 
thereof. 

9. A method of testing an integrated circuit (1; 100) 
comprising a programmable, non-volatile memory With a 
matrix (2; 20) of memory cells, the method providing for: 

i) programming of substantially all of the memory cells of 
the matrix, 

ii) determination of a loWest threshold voltage of the 
threshold voltages of the programmed cells of the 
matrix, 

iii) subjection of the memory to premature ageing, 

iv) determination of a neW loWest threshold voltage of the 
threshold voltages of the programmed cells of the 
matrix, 

v) comparison of the neW loWest threshold voltage deter 
mined in step iv) With the loWest threshold voltage 
determined in step ii) in order to establish the ability of 
the memory to retain data, 

characteriZed in that steps ii) and iv) are carried out With 
the use of the method according to any one of claims 1 
to 8. 
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10. A method according to claim 9, in Which the loWest 
threshold voltage determined in step ii) is stored in the 
memory for subsequent comparison With the neW loWest 
threshold voltage determined in step iv). 

11. Amethod according to claim 10, in Which, in order to 
store the loWest threshold voltage determined in step ii), use 
is made of one or more memory locations the memory cells 
of Which are not subjected to programming and are not 
addressed in steps ii) and iv). 

12. Amethod according to any one of claims 9, 10 and 11, 
in Which the step of subjection of the memory to premature 
ageing provides for the memory to be subjected to thermal 
stress. 

13. A circuit architecture for implementing the method 
according to any one of claims 1 to 8, integrated in an 
integrated circuit (1; 100) Which comprises a programmable, 
non-volatile memory With a matrix (2; 20) of memory cells, 
and a plurality of reading circuits (SA; 21) for reading, in 
parallel, memory cells belonging to a memory location 
currently addressed, characteriZed in that it comprises: 

a logic circuit (OR1) Which receives outputs (O1-Ok; 
01-05) of the reading circuits as inputs and Which can 
bring about a sWitching at its oWn output When at least 
one of the outputs of the reading circuits sWitches from 
a ?rst logic level corresponding to the reading of a 
programmed cell to a second logic level corresponding 
to a non-programmed cell, and 

circuit means (9; 23) Which can be activated in order to 
connect the output of the logic circuit to an externally 
accessible terminal (I/Ok; D<1>) of the integrated 
circuit Which can be connected to a test device (14) 
outside the integrated circuit. 

14. A circuit architecture according to claim 13, in Which 
the logic circuit (OR1) is apt to perform an OR logic 
operation on the outputs (O1-Ok; 01-05) of the reading 
circuits (SA; 21). 

15. A circuit architecture according to claim 13, in Which 
the logic circuit is apt to perform an AND logic operation on 
the outputs (O1-Ok; 01-05) of the reading circuits (SA; 21). 

16. A circuit architecture according to any one of claims 
13, 14 and 15, in Which the circuit means (9; 23) comprise 
a tristate output driver circuit (“buffer”). 

17. A circuit architecture according to any one of the 
preceding claims, in Which the driver circuit (9; 23) is 
activated by setting the integrated circuit (1; 100) in a 
checking mode by the application, to an externally acces 
sible terminal (T2; D<2>) of the integrated circuit, of a 
voltage of predetermined value outside the range of voltage 
values Which can be applied to the said terminal during 
normal operation of the integrated circuit. 

* * * * * 


