
(err) EPROM Low Voltage Sense Amplifier 5        The invention relates to a
low voltage sense amplifier for an EPROM memory transistor. In order to
read a CMOS EPROM memory transistor forming part of a memory array of rows
and columns of transistors, a sense amplifier is coupled to each column. 10
The drains of the EPROM, transistors, which are connected to the column
line, are coupled to the input of the respective sense amplifier. To read a
transistor, the column and the input of the sense amplifier are precharged
to the main supply voltage VDD. 15        VDD is typically about 5 volts
but in some applications can reach 6 to 8 volts. Precharging the columns to
such high voltages can cause some deprogramming of the memory transistors.
This invention seeks to provide a low voltage sense 20  amplifier for an
EPROM memory transistor which can operate over a wide range of supply
voltage and in which the above mentioned problem is solved. According to
this invention there is provided a low voltage sense amplifier for an EPROM
memory transistor 25  comprising a low voltage inverter having an input
selectively couplable to the EPROM memory transistor and an output; means
arranged to couple a selectable reference voltage as a supply voltage for
the inverter and means responsive to a precharge signal and arranged to
couple the selectable reference 30  voltage, to precharge the input of the
low voltage inverter. The means arranged to couple a selectable reference
voltage as a supply for the low voltage inverter may comprise a first MOS
'transistor coupled between a first power supply terminal and a supply line
for the inverter, the first MOS 35 transistor having a control electrode
for receiving a selectable reference voltage.   



-2 - The means arranged to couple the selectable reference voltage to
precharge the input of the low voltage inverter 5 may comprise a second MOS
transistor, coupled between the supply line for the low voltage inverter
and the input of the low voltage inverter, and having a control electrode
for receiving said precharge signal. A resistive holding transistor is
preferably connected 10 across the second MOS transistor, the holding
transistor having a control electrode coupled to be responsive to the
output state of the low voltage inverter. A third MOS transistor may be
connected across the said first MOS transistor, the third MOS transistor
having a 15 control electrode for receiving a signal indicative of a low
supply voltage level of the first power supply, thereby to short circuit
the first MOS transistor and couple the first power supply terminal
directly to the supply line of the low voltage inverter. 20
Typically a low-to-high voltage inverter may be provided, coupled to the
first power supply terminal and having a low voltage input coupled to the
output of the low voltage inverter and having a high voltage output. In
order to speed up switching of the low-to-high 25  voltage inverter in
response to the precharge signal, an MOS transistor may be coupled between
the low voltage input and a reference terminal, the transistor having a
control electrode coupled to receive the precharge signal. A resistive
holding transistor may be coupled between 30 the output of the low-to-high
voltage inverter and the first power supply terminal, the transistor having
a control electrode coupled to-the output of the high voltage inverter via
a further inverter. An exemplary embodiment of the invention will now be 35
described with reference to the single figure drawings.  



-3- In the drawing, EPROM memory transistors T1 and T2 have their drain
electrodes coupled to column line 1 which 5 is coupled via column select
transistors TT3 to the input node 2 of a low voltage inverter 3. The column
select transistors have their gate electrodes coupled to column select
lines 4. The low voltage inverter is a CMOS inverter formed by 10 series
connected p and n-channel MOS transistors T4 and T5 respectively, which are
coupled in series between a supply line 5 for the inverter and a ground
reference terminal 6. Power supply for the supply line 5 is derived from an
n-channel MOS transistor T6 coupled between a first power 15  supply
terminal 7 and the supply line 5.  The terminal 7 receives a supply voltage
VDD which is typically 5 volts but which may, depending upon application,
lie between about 2v and about 8v. The gate electrode of the transistor T6
is coupled to a terminal 8 for receiving a selectable reference 20 voltage
VREF. A p-channel MOS transistor T7 is connected across the transistor T6
and has its gate electrode connected to a terminal 9 for receiving a low
supply voltage signal VLOWN. A p-channel MOS transistor T8 is coupled
between the 25 supply line 5 and the input node 2 of the low voltage
inverter 3. The gate control electrode of the transistor T8 is coupled via
an inverter 10 to a terminal 11 for receiving a precharge select logic
signal. The output of the low voltage inverter 3 is coupled to 30  input
node 12 of a low-to-high voltage inverter 13.  The inverter 13 is formed by
a switching n-channel MOS transistor T10 and a p-channel resistive holding
transistor T9 which are connected in series between a supply line 14,*
connected to the power supply terminal 7, and ground 35 reference terminal
6. 



-4- The gate electrode of the transistor T10 is coupled to the input node
12 of the inverter 13. 5        An n-channel MOS transistor T11 is coupled
between the input node 12 and ground reference potential and has a gate
electrode coupled to the precharge signal terminal 11. The inverter 13 has
an output node 15 which is coupled via an inverter 16 to a final output
terminal 17. 10        A resistive pull-up p-channel MOS transistor T12 is
coupled between the supply line 5 of the low voltage inverter 13 and the
input node 2 of the inverter.  The gate electrode of the resistive pull-up
transistor T12 is coupled to that of the transistor T9 and to the output
terminal 17. 15 The resistive pull-up transistor 12 is formed in the same
semiconductor n-tub as the p-channel transistors T8 and T4 and the
substrates of these three transistors are common and are coupled to the
supply line 5. A p-channel transistor T13 is connected in parallel 20 with
the resistive holding transistor T9 and has its gate electrode coupled via
the inverter 10 to the precharge logic signal input terminal 11. As
explained above, EPROM sense amplifiers, although nominally designed to
operate with a 5 volt VDD supply 25 voltage must be capable of handling a
supply voltage which can lie vary, typically between 2 and 8 volts. In the
invention the sense amplifier is formed from a low voltage inverter which
receives as its supply voltage a selectable low reference voltage which is
also fed as a 30 precharge voltage to the input node of the low voltage
inverter and to the columns of the EPROM memory. In operation a supply VDD,
typically 5v, but possibly lying between about-2 and Bv, is applied to the
terminal 7' and a reference voltage VREF is applied to the terminal 8 



35 and hence to the gate electrode of the transistor T6.    -5- A low
supply voltage detection circuit (not shown) senses the supply voltage VDD
and provides a signal VLOWN to 5 the terminal 9, which signal is low when
the supply voltage is low (typically 3 to 4.5 volts) and high at high
voltages. Thus with high VDD the transistor T7 will be turned off and a
voltage VREF - VTN, where VTN is the threshold voltage of an n-channel MOS
transistor of the circuit, will 10 be applied as a reference supply voltage
PCV to the supply line 5 of the low voltage inverter 3. Typically VREF is
chosen to be about 2.7 volts. If the supply voltage VDD is low the signal
VLOWN turns on the transistor T7 and this transistor bypasses the 15
transistor T6 and the reference supply voltage PCV goes to VDD. Thus the
low voltage inverter 3, which is coupled to read the EPROM memory bit, is
operated by a low voltage of typically less than 3v. This permits operation
of the EPROM at very low supply voltage (below 2v). 20        In order to
read an EPROM bit the column line 1 is selected by the application of VDD
to the gates of the column select transistor TT3 and the input node 2 of
the low voltage inverter is first precharged to a precharge voltage. The
precharge logic signal PCH applied to terminal 25 11 goes high and the gate
of the p-channel transistor T8 will go low by virtue of the inverter 10.
Consequently the transistor T8 will turn on and apply the reference supply
voltage PCV to the input node 2 of the low voltage inverter 3. The same
precharge voltage is applied to the column 1 of 30 the EPROM memory by a
similar arrangement (not shown). Since the input node 2 of the low voltage
inverter 3 is switched high, its output, which is coupled to the input node
12 of the low to high voltage inverter will go low. 



35    -6- The low voltage inverter 3 has a relatively long reaction time
and thus to speed up the switching of the 5  transistor T10 of the
low-to-high voltage inverter 13, the transistor Til is provided. On
application of the precharge signal to the terminal 11, the gate of the
transistor Tll will go high and the transistor T11 will conduct and rapidly
switch low the gate of the transistor T1O causing the 10 inverter 13 to
change states. Also the gate of T9, which is connected to receive the
inverted precharge logic signal via the inverter 10, will go low causing
the transistor T13 to turn on and to precharge the output node 15 of the
inverter 13 to VDD. 15        The low-to-high voltage inverter provides the
required voltage level conversion from the low voltage of the bit sensing
low voltage inverter 3, to the output level required by circuits (typically
an MPU) coupled to the output terminal 17 of the sense amplifier. 20
On switching of the inverter 13, its output node 15 will go high and the
final output terminal 17 will be low. The resistive holding transistors T12
and T9 will both be turned on and maintain the precharge voltage level
after the precharge signal PCH is removed. 25        During precharge the
gate select lines coupled to the gates of the EPROM transistors Tl and T2
are switched off. After the precharge phase, one EPROM bit is selected by
means of a gate select signal at the VDD supply voltage, which is applied
to the gate of the selected EPROM 30 transistor. Depending upon whether a
bit is programmed or not, the column line 1 either will, or will not draw
any current. If no current is drawn the precharge level at the 



input node 2, of the low voltage inverter 3, will be 35  maintained and the
output terminal 17 will stay low.  if current is drawn the input node 2 of
the inverter 3 will be    -7- discharged below.its trigger point, in spite
of the presence of the holding transistor T12. The low voltage inverter 3 5
will change states, which will also cause the switching of the low-to-high
voltage inverter 13 by turning on the transistor T10. The output terminal
17 will thus be switched to the level of VDD, the supply voltage for the
inverter 13. 10        When the terminal 17 switches to VDD, the resistive
pull-up holding transistors T12 and T9 are turned off, thereby shutting off
all DC power.-consumption.. The sense amplifier described has the advantage
that the drain precharge voltage can be very tightly controlled 15 (in the
example given, below 2v) and deprogramming during precharge is avoided. DC
power consumption is totally avoided and also at the low precharge voltage
used, the sense amplifier is faster than any known sense amplifier which
draws no DC current. 20        Also EPROM read operation is possible at
very low supply voltage (below 2v). The invention has been described by way
of example and modifications may be made without departing from the scope
of the invention. in particular the voltages given are 25 entirely by way
of example and the circuit may be used with other chosen voltages. 30 35



(err) -8- Claims 5 1.   A low voltage sense amplifier for an EPROM memory
transistor comprising a low voltage inverter having an input selectively
couplable to the EPROM memory transistor and an output; means arranged to
couple a selectable reference 10 voltage as a supply voltage for the
inverter and means responsive to a precharge signal and arranged to couple
the selectable reference voltage, to precharge the input of the low voltage
inverter. 15  2.   The sense amplifier of claim 1 wherein the means
arranged to couple a selectable reference voltage as a supply voltage for
the low voltage inverter comprises a first MOS transistor coupled between a
first power supply terminal and a supply line for the inverter, the first
MOS transistor 20 having a control electrode for receiving a selectable
reference voltage. 3.   The sense amplifier of claim 2 wherein the means *
arranged to couple the selectable reference voltage to 25  precharge the
input of the low voltage inverter comprises, a second MOS transistor
coupled between the supply line for the low voltage inverter and the input
of the low voltage inverter, and having a control electrode for receiving
said .precharge signal. 30 4.   The sense amplifier of claim 3 wherein a
resistive holding transistor is connected across the second MOS transistor,
the holding transistor having a control electrode coupled to be responsive
to the output state of the low 35 voltage inverter.    (err) 



5.    The sense amplifier of any preceding claim wherein a third MOS
transistor is connected across the said first MOS 5 transistor, the third
MOS transistor having a control electrode for receiving a signal indicative
of a low supply voltage level of the first power supply, thereby to short
circuit the first MOS transistor and couple the first power supply terminal
directly to the supply line of the low 10 voltage inverter. 6.    The sense
amplifier of any preceding claim wherein a low-to-high voltage inverter is
provided coupled to the first power supply terminal and having a low
voltage input 15 coupled to the output of the low voltage inverter and high
voltage output. 7.    The sense amplifier of claim 6 wherein a MOS speed-up
transistor is coupled between the low voltage input of the 20  low-to-high
voltage inverter and a reference terminal, the transistor having a control
electrode coupled to receive the precharge signal. 8.    The sense
amplifier of claim 6 or 7 wherein a 25 resistive holding transistor is
coupled between the output of the low-to-high voltage inverter and the
first power supply terminal, the transistor having a control electrode
coupled to the output of the high voltage inverter via a further inverter.
30 9.    A low voltage sense amplifier for an EPROM memory transistor
substantially as herein described with reference to the drawing.      - 35


