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METHOD OF TESTING A MEMORY CELL 
HAVING A FLOATING GATE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The invention lies in the ?eld of memory technol 
ogy and memory devices. More speci?cally, the present 
invention relates to a method for testing a memory cell 
having a selection transistor that is situated betWeen a bit 
line and ground and that comprises a ?oating gate. The gate 
is connected to a data line via a blocking transistor that is 
connected to a Word line at its gate. 

[0002] Memory cells in Which information is stored in the 
?oating gate of the selection transistor are vieWed today as 
a promising approach to realiZing memory elements in the 
nanometer (nm) range. What are knoWn as PLED (Planar 
LocaliZed Electron Device) vertical transistors, Which guar 
antee a good insulation of the ?oating gates of the selection 
transistors as a result of their excellent blocking character 
istics, are preferably used for storage cells of this kind. In 
other Words, PLED vertical transistors make possible the 
realiZation of non-volatile storage elements. Of course, this 
characteristic of the storage elements is also guaranteed by 
the good insulation of the ?oating gates by the gate oXide in 
the individual memory cells. 

[0003] Although PLED vertical transistors or other tran 
sistors With suf?cient blocking characteristics guarantee 
good insulation of the ?oating gates of the selection tran 
sistors, leakage currents can occur via the ?oating gates, 
Which lead to a charge balance on the ?oating gate and thus 
at the storage point of the memory cell, i.e. to an information 
loss. In and of themselves, these leakage currents are gen 
erally very small and can usually be ignored. HoWever, in a 
semiconductor memory that is constructed from memory 
cells of the above type, a test is nevertheless necessary in 
order to ?nd Weak memory cells Whose leakage currents do 
not alloW a sufficient data retaining characteristic. No 
method has been suggested hitherto Which Would make it 
possible to detect such memory cells Whose data retaining 
characteristics Were insuf?cient—i.e. “Weak” memory 
cells—in a memory having locations of the type described 
above. 

[0004] The above-noted problem Will noW be described in 
detail With reference to FIG. 3. 

[0005] By activating a Word line WL, a tunneling effect 
(cf. arroW TE) is controlled in a blocking transistor that is 
connected to the Word line WL via gate G. The blocking 
transistor may be a PLED vertical transistor, for eXample. 
When the Word line WL is active, a tunnel current can ?oW 
via a data line DL to a ?oating gate G2, Which is otherWise 
insulated, of a selection transistor T2 that is connected to the 
Word line WL by gate G1 and that is situated With its 
source-drain path S/D betWeen a bit line EL and ground 
Gnd. Once the Word line WL is disconnected, the charge on 
the ?oating gate G2 is trapped and should in theory remain 
there for an arbitrary length of time. By activating the bit line 
BL and by means of a corresponding reading system that is 
connected to the bit line BL, it is detected Whether or not the 
selection transistor T2 is in the on state, in Which current 
?oWs to ground. In other Words, it is determined Which 
information is stored at the gate G2. 
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[0006] In a test of a memory that is constructed of memory 
cells of that type, it is necessary to test Whether, even over 
the long term, there is no draining of the charge to the data 
line DL via the blocking transistor, and thus no loss of 
information, When the Word line WL is disconnected, i.e. 
gates G1 and G2 are disconnected. For reasons of cost alone, 
it must be possible to execute such a test for all locations of 
a memory in a short time, for instance in a feW seconds, in 
order to be able to ensure the long-term reliability of these 
memory cells. 

SUMMARY OF THE INVENTION 

[0007] The object of the present invention is to provide a 
method of testing a memory cell comprising a ?oating gate 
Which overcomes the above-noted de?ciencies and disad 
vantages of the prior art devices and methods of this general 
kind, and Which enables checking a large number of cells for 
reliability in a short time Without substantial outlay. 

[0008] With the above and other objects in vieW there is 
provided, in accordance With the invention, a memory cell 
testing method, Which comprises: 

[0009] providing a memory cell With a selection 
transistor having a ?oating gate disposed betWeen a 
bit line and ground, and a blocking transistor con 
nected betWeen the ?oating gate of the selection 
transistor and a data line and having a gate connected 
to a Word line; 

[0010] in a test mode, applying voltage surges to one 
of the source, the drain, and a substrate of the 
selection transistor for generating disturbing cou 
plings to the ?oating gate. 

[0011] In accordance With an added feature of the inven 
tion, a plurality of memory cells are tested in parallel. 

[0012] In accordance With an additional feature of the 
invention, the voltage surges are applied betWeen the source 
and the drain of the selection transistor. In a preferred variant 
of the invention, the voltage surges are applied When the 
source-drain path is conductive, such that the voltage surges 
spread to the bit line connected to the corresponding 
memory cell. 

[0013] In accordance With another feature of the inven 
tion, the voltage surges are applied to the substrate of the 
selection transistor. 

[0014] With the above and other objects in vieW there is 
also provided, in accordance With the invention, a testing 
con?guration for testing a memory cell having a selection 
transistor With source, a drain, and a ?oating gate disposed 
betWeen a bit line and ground, the testing con?guration 
comprising: 

[0015] tWo MOS transistors of mutually different 
channel types connected in series and forming a 
connecting node; 

[0016] said MOS transistors having gates and having 
source-drain paths connected betWeen tWo poten 
tials; and 

[0017] said connecting node betWeen said MOS tran 
sistors being connected to one of the source and the 
drain of the selection transistor; and 

[0018] an inverter connected to said gates of said 
MOS transistors for receiving test mode signals. 
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[0019] In other Words, the objects of the invention are 
achieved in a method as described above in that voltage 
surges are applied to the source, the drain, or the substrate 
of the selection transistor in a test mode for the purpose of 
generating disturbing couplings to the ?oating gate. 

[0020] In the inventive method, to be able to ?nd Weak 
memory cells signals are applied to the selection transistor 
to sharply elevate the leakage currents from said Weak 
memory cells. This is easily achieved by applying voltage 
surges to the source, the drain, or the substrate of the 
selection transistor, thereby giving rise to an oscillation of 
the voltage level. 

[0021] In this process, a highly parallel test for the ?oating 
gates of a plurality of memory cells of a memory With 
respect to leakage current mechanisms is possible Without 
further ado in that a common source voltage or substrate 
voltage is applied to the selection transistors of the memory 
cells. Speci?cally, in such a test the common substrate 
voltage or the common source voltage or the voltage at the 
bit line can be varied as a function of time. 

[0022] In the inventive method, the test itself can be 
initiated by changing over to a corresponding mode. The 
generation of the voltage for the drain, source, or substrate 
of the selection transistor can be accomplished either on the 
chip of the memory itself or by applying an external voltage. 

[0023] The identi?cation of defective memory cells occurs 
in the test by a readout and evaluation of information that 
has been previously Written into the memory, i.e. charge at 
the ?oating gates of the respective selection transistors 
locations. 

[0024] The novel method thus makes possible a highly 
parallel, and thus effective, test for leakage current mecha 
nisms betWeen the insulated, i.e. ?oating, gate and the data 
line. This test can be realiZed by simple means, so that the 
equipment con?guration required to eXecute the inventive 
method does not require a large additional outlay, as Will be 
described in greater detail beloW. 

[0025] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0026] Although the invention is illustrated and described 
herein as embodied in a method for testing a memory cell 
comprising a ?oating gate, it is nevertheless not intended to 
be limited to the details shoWn, since various modi?cations 
and structural changes may be made therein Without depart 
ing from the spirit of the invention and Within the scope and 
range of equivalents of the claims. 

[0027] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a diagram of a circuit con?guration that 
is advantageous for carrying out the method according to the 
invention; 
[0029] FIG. 2, subdivided into part (a) and part (b), 
illustrates equivalent circuit diagrams of a correct PLED 
transistor (a) and a faulty PLED transistor (b) in the circuit 
con?guration of FIG. 1; and 
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[0030] FIG. 3 is a schematic diagram of a memory cell to 
Which the novel method can be applied. 

[0031] Reference is had to the introductory teXt above, 
Which contains a description of FIG. 3. Structurally and 
functionally equivalent components are identi?ed With the 
same reference characters throughout the ?gures. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0032] In the inventive method, in order to generate dis 
turbing couplings in a test mode voltage surges are applied 
to the selection transistor T2 (FIG. 3) at the ?oating gate 
G2—that is to say, When the Word line WL is disconnected. 
These voltage surges can be applied to the source, drain, or 
substrate Sub of the selection transistor T2 (FIG. 1). The 
voltage surges can be a matter of pulses With the potentials 
ground Gnd and voltage VX. The level and time character 
istic of the voltage quantity depend on the technology used 
for the memory cell. But the level of the voltage must be 
selected so as not to damage the gate oXide of the tested 
transistors. 

[0033] Referring noW to FIG. 1 in detail, there is seen a 
circuit that is suitable for realiZing the voltage pulses. The 
selection transistor T2 is connected to a test mode circuit that 
is composed of a series circuit of an n channel MOS 
transistor and a p channel MOS transistor betWeen the 
potentials VX and GND as Well as an inverter I, to Which 
corresponding test modes T are fed. Aplurality of memory 
cells can be connected to this test circuit, as is schematically 
indicated in FIG. 1. 

[0034] Thus, a parallel “bumping” of a large number of 
memory cells 1 can be performed, given a Word line that is 
disconnected in the individual memory cells. 

[0035] Other circuits can also be used for the parallel 
“bumping.” What is important is solely that these circuits 
make it possible to supply an adjustable voltage in an 
oscillating manner instead of ground (FIG. 3) at the source 
terminal S of the selection transistor T2, for eXample. 

[0036] It is particularly advantageous When a “1” is stored 
at the ?oating gate G2. The voltage surge then also spreads 
to the bit line BL and is thus active on the Whole gate surface 
of the selection transistor T2. In this case, the bit lines of the 
individual memory cells should of course be cut off from 
other voltage connections by corresponding circuit ele 
ments. 

[0037] To maXimiZe the coupling betWeen the ?oating 
gate and the source-drain path of the selection transistor T2, 
the transistor T2 should be conductive, so that the voltage 
impulse at the source terminal can spread over the entire 
surface beneath the gate G1 or G2, respectively, up to the 
drain terminal D. Alternatively, the substrate voltage can be 
pulsed, since the substrate eXtends surface-Wide beneath the 
gate. 

[0038] But it is also possible to generate a voltage surge in 
the substrate Sub of the selection transistor T2. Here, as Well, 
a coupling to the insulated, i.e. ?oating, gate When the Word 
line WL is disconnected can be achieved Without further ado 
by a corresponding test mode. 

[0039] Referring noW to FIG. 2, there are shoWn equiva 
lent circuit diagrams With a correct PLED blocking transis 
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tor T1 (part (a) of FIG. 2) and a faulty PLED blocking 
transistor T1 (part (b) of FIG. 2), respectively. A leakage 
current mechanism occurs predominantly in the PLED tran 
sistor T1. The tunnel path, Which is “conductive” to gate G 
of the transistor T1 only given a corresponding WL voltage, 
must be non-conductive When the PLED transistor T1 is 
deactivated. If this is not the case (FIG. 2(b)), then the 
charge at the ?oating gate G2 of the transistor T2 can be 
drained in the direction of the data line DL via the “perme 
able” or high-resistance tunnel path of the transistor T1 by 
the pumping on the source-drain path of the transistor T2 
(other side of the capacitor in the equivalent circuit dia 
gram). 
We claim: 

1. A memory cell testing method, Which comprises: 

providing a memory cell With a selection transistor having 
a ?oating gate disposed betWeen a bit line and ground, 
and a blocking transistor connected betWeen the ?oat 
ing gate of the selection transistor and a data line and 
having a gate connected to a Word line; 

in a test mode, applying voltage surges to one of the 
source, the drain, and a substrate of the selection 
transistor for generating disturbing couplings to the 
?oating gate. 

2. The method according to claim 1, Which comprises 
testing a plurality of memory cells in parallel. 

3. The method according to claim 1, Which comprises 
applying the voltage surges betWeen the source and the drain 
of the selection transistor. 

4. The method according to claim 3, Which comprises 
applying the voltage surges When the source-drain path is 
conductive, such that the voltage surges spread to the bit line 
connected to the corresponding memory cell. 
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5. The method according to claim 1, Which comprises 
applying the voltage surges to the substrate of the selection 
transistor. 

6. Atesting con?guration for testing a memory cell having 
a selection transistor With source, a drain, and a ?oating gate 
disposed betWeen a bit line and ground, the testing con?gu 
ration comprising: 

tWo MOS transistors of mutually different channel types 
connected in series and forming a connecting node; 

said MOS transistors having gates and having source 
drain paths connected betWeen tWo potentials; and 

said connecting node betWeen said MOS transistors being 
connected to one of the source and the drain of the 
selection transistor; and 

an inverter connected to said gates of said MOS transis 
tors for receiving test mode signals. 

7. A memory cell testing method, Which comprises: 

providing a memory cell With a selection transistor having 
a source, a drain, and a ?oating gate disposed betWeen 
a bit line and ground, and a blocking transistor con 
nected betWeen the ?oating gate of the selection tran 
sistor and a data line and having a gate connected to a 
Word line; and 

connecting the testing con?guration according to claim 6 
to the selection transistor in a test mode, and applying 
voltage surges to one of the source, the drain, and a 
substrate of the selection transistor for generating dis 
turbing couplings to the ?oating gate. 


