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The present fnvention relates to an integrated cfrcuft of the 

1 ogic circuf t type comprising an electrically progra11111able non-volatile 
memory. lt·relates more specifically to an integrated circuit in which 

the ele~trically progra11111able non-volatile memry comprises a memory of 
- the EPROM or EEPROM type. Such circuits are used, for example, in memory 

cards cilSO'!.called CCC cards. In this case the non-volatile, .. memories are 
.usually de~igne'd to receivecbnfidential unalterable infotptation which 
~must not b~>subjected to parasitic progra11111ing ~as a resul~of abnonnal ·' 

conditions· during use of thEFCard. .. 

In memories of the EPROM or EEPROM type currently avai'lable 
commercially~ each infonnation storage element, or memory cell, comprises 

a floating gate MOS transistor. This type of transistor can exist in two 

states. Thus, in the case of an N-channel transistor, in a first state no 
charge is stored on the floating gate. A conduction channel can exist 
between source and drain. The transistor then conducts and behaves like a 

·' 
closed switch. In a second state electrons have been stored on the 

. . . 
floating gate. They inhibit the fonnation of a conduction channel in the 

substrate between source and drain. In this case the transistor is 

blocke~ and behaves like an open switch. 

In order to program or read a floating gate MOS transistor, it 
must be poss'ible to apply different voltC!ges to the different ·electrodes 

or .the transi star. These voltages are appl'ied ·by means of write and read 
.. C:ircuits controlled by specific signals. 

Thus, a~ shown. in Figure 1, which· relates to an EPROM m~mory in 
which the memory cell comprises a floatiri·g .gate transistor of the SAMOS 
(i .e·. stacked gate avalanche injection MOS} type, each fl eating gate. 
tr.ansistor 1 has two principal' electrodes,: 2 ·and 3 respecthely~ anCI a · 

control gate 5 stacked on the floating gate 4. In the case of a memory, 

the floating gate transi stars 1 comprising memory cells are connected in 
a matrix. Thus, a first principal electrode 2 or source in the technology 

used, is connected to the voltage Vss corresponding to ground, whereas 
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the other electrode 3, or drain, is connected through the intennediary of 
a bit line (not shown) and an MOS transistor 8 forming a switch to a 
column address decoder 7. The control gate 5 is connected through the 
intermediary of another connection (not shownl, called a ·word line, to a 

·line address decoder 6. 

~ '· 
•"j'' 

More'·'~peci'.fically, the .column address decoder 7 is connected to 
·~ .... ,. 

the gate of _Jhe transistor 8 the source of which ls connecteM ~o the 
electrode 3'of the floating gate MOS transistor 1, whereas its.other 
electrode~ ·or drain, is connected through the. intennediary .o.f-~ charge 
lin·e cbnstituted by MOS transistors ll and l2 to-the progr._a11111ing voltage 

·· Vpp. In practice, the charge line comprises a depletion mode MOS 
transistor 11, the drain of which is connected to Vpp and the source of 
which is connected to the drain of an enhanced mode MOS transistor 12, 
the gates of the two transistors 11 and 12 being connected together and 
being connected to a wr~ting control circuit·comprising a NOR gate 13 
supplied with the voltage Vpp. The NOR gate 13 receives at its inputs the 
inverted comnand signal for programning iiGM and the inverted data to be - . -programned D. The signal O is emitted from a dynamic register R of known 
type. This register R makes it possible to perfonn the storage and 
refreshment of data. More specifically, it receives on its input the data 
to be written in the fonn of a logic level 11 111 or 11011

• Essentially it 
comprises- stora·ge ·means constituted by capacitors (not shown):: provided in 
·froni of two inverters I1 and 12 and an MOS .transistor 14. fof'111i ng a 

L· · s_witch connected between the. output of the inverter 12 a.nd the input of. 
the inverter Il • This transistor h contrOll ed by the signal CLK 
representlng ·the clock signal of the memory·. The MOS transistor 14 is 
used to perform the refreshment of the da~a. Thus, at the ~utput of the 

· inverter 11,' namely at the node Ni, the data·D-is obtained which is 
., passed to the i ni)ut· of the NOR ·gate 13". . . 

Furthermore, the node N between the source of the MOS transistor 
12 and the drain of the MOS transistor 8 is connected to a read amplifier 
represented by the block L. 

The write circuit described above has a substantially dynamic mode 
of operation. Thus, the data D entered into the register R is stored in 

t;· . 
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the fonn of a charge on a high impedance node and this storage is 
refreshed periodically by making use of the clock signal CLK. If the 
stored f nfonnatfon fs not refreshed, the data D is lost and :the write 

·.circuit. behaves in a completely unpredictable manner. ln the case where 

- the integrated circuit is used in memory cards, for example, certain 

zones of the non-volatile memor~ are reserved, that is to ;say_wri tfog 
into them is·S-trictly controlled.and usually subject to the ~cogn.ition 

;. "'; ~. 

of a secret cdtie. However, with the write circuit aescribed above, if the 
user sends pulses on the progranming voltage'Vpp supply,·when the voltage 

· Vee iS ·pre~ent .. but the clock signal cu< is absent, parasitic programning 
.. tri· the non.;.volatii e memory is observed, even fn the reserved zones. The 

reserved zones are then programned in a quite random manner •.. 

The aim of the present invention is to overcome these disadvantages 
which allow uncontrolled writing in an electrically programnable 

non-volatile memory. 
·' 

Consequently, an object of the present invention is an integrated 
circuit of the logic circuit type comprising an electrically programnable 
non-volatile memory constituted by a matrix of memory eel 1 s of the 
floating gate transistor type, by write and read circuits and by means 

for organizing the interconnection of these circuits with the memory, the 
integrated ·circuit receiving a general supp1y voltage Vee, ·a ·prograilming 

. . 

~ol:age Vpp and an external clock signal acting int_er ali a on the 
function of these write circ·uits, .characterized in ;•that the external 
clock .signal is split into two internal complementary clock signals, the 
integrated 'circuit furthennore c0mprising a, circuit for detecting the 
presen~e of i·nternal clock signals sending a ~ignal inhibiting writing in 
the memory when it detects the absence of one of the internal ·clock 
'signalS, ·the d·etection.cfrcuit (P) be·ing constituted by a first.circtii"t 
comprising a capacitor (C') and a resistor (15') connected in parallel 
between ground and a comnon connection {Nl'), the capacitor being 
regularly charged through the intennediary of one (CLKl) of the two 
internal clock signals and a second circuit comprising a capacitor (C") 
and a resistor (15"} connected in parallel between ground and a comnon 
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connection (Nl 11
), the capacitor (C 11

) being regularly charged through the 

intermediary of the other internal .clock signal (CLK2_), the conmon 

connections being connected respectively to each .input of a logi.c gate 

(22) the output of which supplies a logic signal .indicati~g the presence 

- or absence of the clock signals. 

In a pre.f:erred embodiment ·the 1 ogic gate is of the NOT-~D type. 
j. 

:'.• 

Preferably; the output of the detection-~ci rcui t is connected to 

··the input of ·'a gate the other input of which receives a signa:l. essential 

·'·for tlie c'orttroiof'writing in such a manner that·writing is inttibfted if 

~- the external 'clock.signal is absent. 

Other characteristics and advantages of the present invention will 

be apparent on reading the following description of different embodiments 

with re.ference to the attached drawings in which: 
·' 

- Figure 1, al ready described, shows schematically a· memory cel 1 

of an EPROM memory connected to its write and read circuits and also to 

means organizing the interconnection between the memory cell and the 

write and read circuits, and 

- Fi gure''2; shows schematically an embodiment of a detection · · · 

circuit" in ·accordance with the present invention. 

•, 

In order to simplify the description, ·similar elements in the 

··Figures have ·the san,e reference numbers or letters. Furthennore,. the 

'.• ~escription has been made with reference to MOS circuits made ~sing NMOS 

technology and to an EPROM memory the memory cells· of which comp-rise 

:floating ga·te.MOS· transiStors of the· SAMO$ (i.e~ stack'ed gate· avalanche = 

injection f«)S) type. It is evident to a person skilled in the art that 

the present invention can be used employing other technologies and other 

types of EPROM·or EEPROM memory. 

In general, in integrated circuits of the memory card type using 

electri_cally progranmable non-volatile memories of the EPROM type, 

•• J(• ·:." 
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instead of a single clock signal CLK, two complementary clock .. signals 

CLKl and CLK2, derived from the clock signal CLK, are used. The clock 

signals CLKl and CLK2 are obtained by passing the external clock signal 

CLK- i_nto a divi d~r D which supplies two complementary clock.-_ signals CLKl 
- and CLK2 at the output • 

. In this cas·e, the detection °circuft in accordance with the present 

inventfon may be Q«f the type shown in, Figure 2. This detection ciftuit P 

1-s constituted by two identical circ·u1ts, each detecting the· pres·ence or 

absence of one ;of·;the internal clock signals CLKl and ClK2, the outputs 

from which are sent to a NOT-AND gate 22. More specifically, the output 

sign·als CLKl arid CLK2 obtained from the divider D, from an external clock 

signal CLK applied on one of the inputs of the integrated circuit, are 

each passed to the gates 21 ' and 21 11 of the MOS transi stars 19' and 19 11 
• 

forming switches in the first and second identical circuits which 

constitute with the gate 22 the detection circuit P. The first circuit is 
. .• 

formed by connecting a .. capacitor C' in· parallel ·with a resf.stor fonned by 

an MOS transistor 15'. The transistor 15' is constituted by a depletion 

mode transistor connected in a load circuit, that is to say having a gate 

18' connected to the source. The capaci~or C' and the transistor 15' are 

connected between the voltage Vss forming the ground and the conman node 
Nl'. In addition, the node Nl' is connected to the supply vol~age Vee 

·through the intermediary of the MOS transistor 19' forming a switch, 'this 

transistor 19' receiving on its gate 21' the clock signal CLKl. The 

output of the first. circuit is obtained from the node N:l' an_d is ap"pl ied 

·to one of the inputs of the NOT-AND gate 22. In a similar manner;· the 

-second circuit comprises a capacitor C" and a resistor formed by an MOS 

tr~nsistor 15" connected in parallel. The transi;:stor 15" is a depletion 

mode-transi'stor connected in a load circuit, that is. to say having, a gate 
1811 connected. to the so:urce. The capacitor C" and· the MOS transistor 15" 

are connected between the voltage Vss forming the ground and the conman 

node N1.". The node Nl 11 is connected to the supply voltage Vee through the 

intermediary of the MOS transistor 19" fonni ng a switch, this MOS 

transistor 1911 receiving on its gate 21" the clock signal CLK2. In 

addition, the node Nl 11 forming the output of the second detection circuit 
is connected to the other input of the NOT-AND gate 22. 

. :·::~ 
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Figure 2 shows a circuit to make possible the inhibition of 

writing in an electrically programmable non-volatile memory by using the 

output signal from the NOT-AND gate 22. This inhibition circuit I 

comprises a NOR gate 23 which receives on one of its inputs t~e output 

- signal of the NOT-AND gate 22 and on its other input the inverted -programing control signal PGM. 
·.;.<-: ·. .·.· .~: ... 

· ,, The operati~n of the circuit shown in Figure 2 ·will now be . · 

explained. In ··fact, the first and second circuits•'·comprised in the 

detection circui·t P ·both operate in an identical man·ner. Thus, when· the 

two· signals ·cLKl ·and CLK2 comprising pulses are present, the capa"citors 

. C 1 and C11 become charged regularly at each change to the l ogie level 11111
• 

At ·the level of the nodes Nl' and Nl 11 a voltage which substantially 

corresponds to a logic level 11111 is obtained. Furthennore, the charges 

present on the capacitors C 1 and C11 are continuously discharged towards 

the voltage Vss repres~nting ground through the intermediary of the 

transi stars 15 1 and 1511 connected in a 1 oad circuit. In order to avoid 

switching the voltage at the level of the nodes Nl 1 and Nl 11 between a 

logic 1 evel 11 111 and a 1 ogi c 1 evel 11011
, the discharge time constant of the 

circuits constituted respectively by the capa~it?r C 1 or C11 and the MOS 

transi"stor 15 1 or 1511 connected in a 1 oad circuit ;s· greater than the 

cycle period of the clock signals CLKl and CLK2. Consequently, because 

the nodes Nl I and Nl .11 are at the 1 ogi c level 11111
, the output of the ' 

NOT-AND gate 22 is at the logic level 11011
• Because of this a signal is 

obtained 'at the output of the NOR gate. 23 which corresponds to the 
. - . 

progra11111i ng control signal PGM. If the clock signal CLK is absent, the 

two .clock signal ·s CLKl and CLK2 are no longer pulses but constant signals 

and.one of the two clock signals CLKl and CLK2 is.:a~ the logic level 110 11
• 

Consequently·, one of the MOS transistors 21 1 or 21 11 ·acting a .. s switches is 

open and the voltage at 'the 'level of one of the nodes Nl ~ or Nl II 

corresponds to the 1 ogi c level 11011
• In this case the output of the 

NOT-AND gate is at the logic level 11111 and as a result there i_s a logic 

level 11011 at the output of the NOR gate 23 whatever the level of the -signal PGM may be. This results in inhibition of writing in the 

electrically programable non-volatile memory. 

/\ 
\ 
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The advantage of the circuit described above is that it inhibits 
any random progranming of an electrically progranmable non-volatile 

memory designed pri ncfpal ly to receive confidential data and it does .this 

even in the case_ of operation outside non11al conditions of supply voltage 

-a.nd clock signal. This circuit, moreover, is very simple in design, 
requires little space and is very reliable in operation. 

It 'fs evident to a person skilled in the art that the present · 

inven·tion can be "adapted to any integrated circuit comprising memories in 
which the· progranming of a memory cell is perfonned in the same manner· as 
in EPROM or EEPROM memories of the floating gate type and which have 
supply voltage and ·clock signal tenninal s which are easily accessible 

from the outside. 
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CLAIMS 

1. An integrated circuit of the logic circuit type comprising an 

electrically progranmable non-volatile memory constituted by a matrix of 

· - memory cells of the floating gate transistor (1 } type, by wrl te· and read 

circuits (R, 11, 12, 13 and L) and by means (6, 7 and 8) for organizing 

·1'· the interconnectfon of.these circuits with the memory, the integrated : 

circuit rec~iving a general supply voltage Vee, a progranming voltage Vpp 

and an external clock signal (CLK) acting ·inter alia on the function o·f 

these 'write circuits., characterized in that the external c1ock signal 

(CLK} is split into two internal complementary clock signals (CLKl and 

CLK2), the integrated circuit furthermore comprising a circuit (P) for 

the detection of the presence of internal clock signals sending a signal 

inhibiting writing in the memory when it detects the absence of one of 

the internal clock signals, the detection circuit (P) being constituted 

by a first circuit comprising a capacitor (C') and a resistor (15') 

connected in parallel between ground and a conmon connection (Nl'), the 

capacitor being regularly charged by the intermediary of one (CLKl) of· 

the two internal clock signals and a second circuit comprising a 

capacitor (C") and a resistor (15") connected in parallel between.ground 

and a conmen connection (Nl "), the capacitor (C") being regularly charged 

by the intermediary of the other internal clock signal (CLK2), the conmon 

connections being connected respectively to each input of a logic gate 

(22) the output of which supplies a logic signal indicating the presence 

or absence of the clock signals. 

2. . . An integrated circuit as cl aimed in cl aim l, characterized in that 

the 1 ogi c· gate (22) is of the NOT-AND type. 

3. An integrated circuit as claimed in claim 1, characterized in that 

the resistor (15' and 15") is constituted by an MOS transistor.arranged 

in a load circuit. 

4.. An integrated circuit as claimed in claim 3, characterized in that 

the MOS transistor arranged in a load circuit is constituted by a 

1111111111111111111 1111111 1111 
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depletion mode MOS transistor the gate of which is connected to one of 
the main electrodes. 

(> 5. An integrated circuit as claimed in any one of claims 1 t~ 4, 

\.._,,·· 

. characterized in . that the conmen connection ( Nl 1 and N 11
) is connected to 

the supply voltage Vee through the intennediary of an MOS transistor (19' 
:,•, and 1911

) the gate of which receives the ~lock signal (CLKl and CLK2). 

6. An integrated circuit as claimed in any one of claims 1 to 5, 
characterized in that the discharge constant of the circuit constituted 
by the capacitor and the resisior is greater than the cycle period of the 
cl~ck signal. 

7. An integrated circuit as claimed in any one of claims 1 to 6, 
characterized in that the output of the detection circuit (P) is 
co·nnected to the input of a g~te (23) the other input of which receives - . an essential signal (PGM) for the control of writing in such a manner 
that writing is inhibited if at ,.east one of the internal clock signals 
is absent. 

·. \'\11\11\ \\\I\\ Ill\\ \\1\1 \\ \'I\ 
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