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General/dy, the present invention relates to a sense anplifier, and nore
specifically to a sense anplifier for a | ow voltage nenory.

Background of the Invention Electrically erasabl e and programmabl e
read-only nmenory (EEPROMs) are nonvol at’il e nmenory devices which are erased
and programred using electrical signals. An EEPROM device typically
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Backgrou f the Invention

- Electrically erasable and programmable read-only memory (EEPROMs)
are nonvolatile memory devices which are erased and programmed using
electrical signals. An EEPROM device typically includes several thousand
memory cells, each of which may be individually programmed and erased. In
general, an EEPROM cell includes a floating gate transistor and a select
transistor. The select transistors in a EEPROM device are used to select
individual EEPROM cells which are to be erased or programmed. The
floating gate transistors in the device are those transistors which actually store
the digital value of each particular memory cell.

To program and erase a cell, a phenomenon known as Fowler
Nordheim tunneling is commonly used to store either a positive or a
negative charge on the ﬂdating gate electrode of the floating gate transistor.
For example, programming is accomplished by applying a positive voltage to
a drain and a gate of the select gate transistor while a control gate of the
floating gate transistor is held at ground. As a result, electrons tunnel from
the floating gate of the floating gate transistor, through a tunnel dielectric to
the drain, leaving the floating gate positively charged. |

One particular configuration of EEPROM is a flash EEPROM. Flash
EEPROMs provide electrical erasing and programming capability and
generally have an increased circuit density. This increased circuit density
typically comes at the cost of only being able to block erase a flash EEPROM
array. Typically, the array is erased in a single step or a flash, which is why it
is termed flash EEPROM.

Generally, it is desirable to make integrated circuit EEPROMS that
operate at high speeds with a minimum of circuit area. In addition, it is
desirable for the integrated circuit EEPROM to operate at increasingly low
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a drain and a gate of the select gate transistor while a control gate of
the.floating gate transistor is held at ground. As a result, electrons
tunnel fromthe floating gate of the floating gate transistor, through a
tunnel dielectric to the drain, leaving the floating gate positively

char ged. One particul ar configuratjon of EEPROMis a flash EEPROM

Fl ash EEPROMs provi de el ectrical erasingiand programm ng capability and
generally have an increased circuit density. This increased circuit density
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are only capable of providing small differential signals because the signal

lines, known as bit lines, have high capacitive loading; thus, efficient

sense amplifiers are required to convert the relatively small differential

signal into a signal which is able to be output. Generally a write

operation proceeds in reverse in which a one or more data signals are

received and driven to memory cells in selected columns located along a

selected row.

Therefore, it is desirable for a sense amplifier capable of sensing
small differential signals, and being space efficient.

Brief Description of the Drawings

FIG. 1 is a schematic view showing a memory array.

FIG. 2 is a cross-sectional view of a memory cell that can be used in
conjunction with the present invention.

FIG. 3 is a table demonstrating one method for operating a
memory array according to the present invention.

FIG. 4 illustrates, in partial block diagram and partial plan view
form, a memory module according to the present invention.

FIG. 5 illustrates in partial block diagram, partial logic diagram,
and partial schematic form a decode and sense amplifier portion
associated with a read of the memory module of FIG. 4.

FIG. 6 illustrates a timing diagram of various signals associated
with a read cycle of both a conductive and a non-conductive memory
cell.
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form, a charge pump used to generate the supply voltages for the control
gate driver circuit of FIG. 9 in accordance with the present invention.
FIG. 12 illustrates in partial block diagram and partial schematic
form one of the voltage doubling stages of FIG. 11.
FIG. 13 illustrates a timing diagram of signals useful in
understanding the operation of the voltage doubling stage of FIG. 12.
FIG. 14 illustrates, in graphical form, the capacitance associated
with each stage of the charge pump of FIG. 11.

Detailed Description of the Drawings

In the present invention, a control circuit receives an erase
voltage, a positive program voltage, and a negative program supply. The
control circuit generates a bias voltage via a bias circuit . During a
program cycle to a selected memory cell, the negative program supply is
provided to a control gate line. During a program cycle to a non-selected
memory cell, the positive program voltage is provided to the control gate
line. During an erase cycle to a selected memory cell, the erase voltage is
provided to the control gate line. During a read cycle, the bias voltage is
provided to the control gate line.

The present invention provides a method for improving band to
band leakage and the drain disturb problem of a non-volatile memory
array. To address these problems, previously known devices have
modified either the layout of the memory array or adjusted the structure
or each memory cell in the array. The present invention, however,
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techniques of the present invention to be used with a variety of non-

volatile memory array configurations.

Turning now to FIG. 1, a detailed description of the method of
programming a non-volatile memory array according to the present
invention will be provided. FIG. 1 shows a memory array 25 that is made
up of individual memory cells each having an isolation transistor and a
floating gate transistor. It should be understood that FIG. 1 is provided to
give a schematic representation of a non-volatile memory array and that
the present invention is not limited to this exact configuration or
number of memory cells within memory array 25. One of the many
features of the present invention is that the following operational
techniques are compatible with memory arrays of various sizes and
configurations.

In this particular example, memory array 25 is arranged to have
two rows of memory cells with each row having four cells. Dashed boxes
are used to identify the elements of two particular memory cells within
memory array 25. For the purposes of the discussion to follow, memory
array 25 comprises a selected memory cell 10 and an unselected memory
cell 30. Selected memory cell 10 refers to the memory cell that is being
either programmed, erased, or read, and unselected cell 30 refers to a
neighboring cell in memory array 25 that is not enabled and is potentially
undergoing the affects of the drain disturb phenomenon.

Each memory cell in memory array 25 is enabled by a control gate
line, an isolation gate line, a source line, and a drain line. All of these
signal lines provide the necessary voltage potentials to the appropriate
portions of each memory cell during operation of memory array 25. As
mentioned earlier, the embodiments of the present invention are not
restricted to a certain memory cell configuration. However, for the




vol tage, a positive programvoltage, and a negative program supply. The
control circuit generates a bias voltage via a bias circuit. During a
programcycle to a selected nmenory cell, the negative program supply is
provided to a control gate line. During a programcycle to a non-selected
menory cell, the positive progran1vo|ta€e I's provided to the control gate
l'ine. Durlng an erase cycle to a selected nenory cell, the erase voltage is
provided to the control gate line. During a read cycle the bias voltage is
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incorporated by reference. Isolation tran31stor 22 has a gate terminal 19
which is used to modulate a channel between source terminal 12 and
drain terminal 13. Floating gate transistor 23 has a gate terminal 21 that
is electrically isolated from floating gate structure 18 by a dielectric
material 17, and gate terminal 21 is used as a control gate to modulate a
channel between source terminal 13 and drain terminal 14. Note that
drain terminal 13 of isolation transistor 22 also acts as the source
terminal 13 of floating gate transistor 23. Both transistors 22 and 23 are
formed on a common dielectric layer 16 which provides electrical
isolation between substrate 11 and gate terminal 19 and floating gate
structure 18.

Previously known non-volatile memory arrays typically comprise
memory cells that are made of a single floating gate transistor that stores
the logic state of each memory cell. Such memory arrays are generally
configured such that a drain voltage for all transistors in a particular
column are shared and so that a gate voltage is shared by all transistor in
a common row. To program an individual memory cell, a negative
voltage is applied to the gate terminal, the source line is grounded, and a
positive voltage is applied to the drain line. In an array configuration,
only selected floating gate transistors will have both the negative voltage
on the gate and the positive voltage on the drain creating a large voltage
differential to promote programming. It is well known, however, that
other floating gate transistors that are in the same column as a memory
cell that is being programmed will also have the positive voltage on their
drains as well. These unselected memory cells, however, do not have
the negative voltage applied to their gate terminals. Therefore, they do
not have as large of a voltage differential as the memory cell that is being




technirques of the present invention to be used with a variety of non-

vol atile nmenory array configurations. Turning nowto FIG 1, a

detai |l ed description of the method of programming a non-vol atile nmenory
array according to the present invention will be provided. FIG 1 shows a
menory array 25 that is nmade up of indiyidual nenory cells each having an
isolation transistor and a floating gaie transistor. It should be
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- to 10 volts, to dram termmal 14 of ﬂoatmg gate transistor 23. An
isolation gate line 19 is typically grounded, 0 volts, or has a low-enough
voltage to turn off isolation transistor 22. A source line 12, whichis
shared by both selected memory cell 10 and unselected memory cell 30,
has a voltage potential of about -5 volts to 5 volts.

Now, the present invention differs from the previous art by
applying different voltages to the terminals of unselected memory cell 30
as selected memory cell 10 is being programmed and verified. Instead of
grounding the gate terminal of unselected transistors, a voltage of about
0.1 volts to 10 volts is applied to an unselected memory cell 30 using a
control gate line 32. Since the voltage potential at gate terminal 32 is
about 0.1 volts to 20 volts higher than at gate terminal 21, the drain
disturb problem at unselected memory cell 30 is much improved. Since a
positive voltage is applied to the gate terminal of unselected gates, as
opposed to being grounded like in the prior art, the vertical field along
the drain terminal of unselected gates is significantly reduced.

It should also be pointed out that the programming technique of
the present invention cannot be used with the previously known
memory arrays that have a single floating gate transistor for each
memory cell. Because these previously known memory cells do not
have an isolation transistor, the single floating gate transistor is exposed
to all the voltages present in the memory array. If a positive voltage were
to be applied to the gate terminal of unselected memory cells, the voltage




purpose of clarity a particular nmenory cell structure will be provided as
an-exanple of a nmenory cell that can be used in nenory array 25. FIG 2 is
an enl arged cross-sectional view of a nenory cell 10 that can be used to

I mpl enent each menory cell | ocation. As shown in FIG 2, nenory cell
10 conprises two transistors, an isolatdon transistor 22 and a floating
gate transistor 23. Both the structure and manufacture of nenory cell 10
are described in US patent 5,471,422, which issued to Chang et al. on
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nMenory arr agabstigtegonbiealrain terminal is significantly reduced. This in turn
reduces the amount of current that is required to be provided by charge
pumps during a programming sequence. Therefore, the present
invention allows non-volatile memory arrays to be designed using small
charge pumps which reduces the final manufacturing cost of the
memory array.

The present invention also provides for an improved technique to
read memory array 25 once selected memory cell 10 is programmed. To
read the value stored in selected memory cell 10, about 0.1 volts to 5 volts

- is placed on drain line 14 and control gate line 21. The power supply
voltage, Vdd, is placed on isolation gate line 19, and source line 12 is
grounded. Once the voltages are set, the current passing through floating
gate transistor 23 is measured to determine the state of memory cell 10.

Previously known reading techniques commonly ground the gate
terminal of the unselected memory locations during a read operation.
Even at a ground potential there will be some finite amount of leakage
current passing through each memory cell. In large array configurations,
this parasitic leakage will increase the power consumption of the read
operation. The present invention, however, places a known voltage
level on the gate terminal of the isolation transistor of unselected
memory cells to insure that these memory cells do not conduct. For
example, isolation gate line 31 is grounded to prevent unselected
memory cell 30 from conducting. This not only reduces the amount of
current needed by the charge pumps, but reduces the power consumption
of memory array 25. This feature of the present invention allows the
control gate of the unselected memory locations to be at any voltage
potential. The unselected memory locations will not contribute to




configured such that a drain voltage for all transistors in a particular
shared and so that a gate voltage is shared by all transistor in
a comon row. To program an individual nmenory cell, a negative voltage is
the gate termnal, the source line is grounded, and a positive
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form, a memory module 400 according to the present invention.
Memory module 400 includes generally a control and pre-decode portion
410, a low voltage word decode portions 420 and 460, high voltage word
decode portions 430 and 470, high voltage pre-decode portions 432 and
472, bit cell arrays 440 and 480, and sense amplifier (amp) portion 450.
Control and pre-decode portion 410 has an input for receiving address
and control information labelled "ADDRESS/CONTROL", a bidirectional
terminal for conducting signals labelled "DATA", and outputs connected
to low voltage word decode portions 420 and 460, high voltage pre-decode
portions 432 and 472, and sense amp portion 450. Low voltage word
decode portions 420 and 460 have outputs connected to bit cell array 440
and bit cell array 480, respectively, for providing signals to select gates of
transistors in bit cell arrays 440 and 480. High voltage pre-decode
portions 432 and 472 have outputs connected to high voltage word
decode portion 430 and high voltage word decode portion 470,
respectively. High voltage word decode portion 430 and high voltage
word decode portion 470 are connected to bit cell arrays 440 and 480.
Memory module 400 is a flash EEPROM memory array having a
left half bit cell array 440 and a right half bit cell array 480. Each bit cell
array includes memory cells located at intersections of rows, each
represented by both a control gate line and select gate line, and columns,
represented by bit lines. The bit lines are connected to corresponding
inputs of sense amp portion 450, which selects eight columns. During
the read mode, sense amp portion 450 senses signals from eight selected
bit lines and provides the sensed signals to control and pre-decode
portion 410, which outputs DATA in response. During a program mode,
DATA is input through control and pre-decode portion 410 into sense



that nost of the signal lines are intentionally identified with the same
el ement nunber of structures used in FIG 2 since they are used to provide
vol tage potentials to these structures. To program sel ected nmenory cell 10
according to the present invention, a negative voltage, about -5 volts to
-15 volts, is applied to gate tern1na| 1 with control gate line 21. A
drain I|ne 14 is used to apply a positive voltage, about 0.1 volts to 10
volts, to drain terminal 14 of floating gate transistor 23. An isolation
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RLAL agememory module 400 may be adapted to be a single chip flash memory as
well. Control and pre-decode block 410 is adapted to connect to an
internal bus of the microcontroller including having an input for
receiving address and control signals therefrom and a bi-directional
connection to a data portion of the microcontroller’s internal bus. Note
that DATA may include any arbitrary number of signals depending on
the organization of memory module 400, but in the illustrated
embodiment includes eight data signals.

Control and pre-decode block 410 performs several functlons
Control and pre-decode 410 includes various registers for enabling
different operations of memory module 400. Such operations include,
but are not limited to, charge pump enable, write enable, and erase
enable. In addition, control and pre-decode block 410 includes logic for
receiving the ADDRESS/CONTROL and performing a portion of the
decoding function required to fully decode the address. Control and pre-
decode block 410 also includes switching functions for routing various
power signals including voltages associated with charge pump 1120
illustrated in FIG. 11 below. In response to a read or program cycle,
control and pre-decode block 410 provides pre-decoded addresses to low
voltage word decode blocks 420 and 460 for further decoding. Additional



-7- would induce a channel between the source and drain of all floating
gate transistors. This current flow would not only consune a trenmendous
anount of power, but would cause the unsel ected transistors to becone
programed due to hot carrier injection (HC). The progranm ng
techni que of the present invention no[ﬁ@?Iy protects the unsel ected nmenory
cells fromthe drain disturb problem “it also reduces the anount of
current flow ng from charge punps. By reducing the vertical electric field
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Once the voltages’are se urrent passPng oating gate

transi stor w9 endiakthearray apd:tzansmisting dhe predecodegsignals oa gigna.
lines which fit within the available pitch of the memory cells within the

array, memory 400 reduces the circuit area required for decoding.

High voltage pre-decode blocks 432 and 472 provide high voltage
signals for use in high voltage word decode blocks 430 and 470
respectively. Each of high voltage pre-decode blocks 432 and 472 receive
three input power supply voltages including +5 volts, +15 volts, and -12
volts, and in addition receive a portion of the address and various
control signals. High voltage pre-decode blocks 432 and 472 provide high
voltage pre-decoded address signals to high voltage word decode blocks
430 and 470, respectively, in response. High voltage word decode blocks
430 and 470 receive predecoded signals from both low voltage word
decode blocks 420 and 460 and high voltage pre-decode blocks 432 and 472,
and in turn drive the transistor control gates in a selected row. The
control gates are driven to appropriate voltages as discussed with
reference to FIG. 3 above.

Each of bit cell array 440 and 480 includes individual bit cells
located at unique intersections of word lines and bit lines within each
half of memory module 400. For example, bit cell arrays 440 and 480 are
each organized in 256 word lines by 512 bit lines. Note that for each word
line, a unique control and select gate signal are used. Each of the 512 bit
lines provide a bit line signal to sense amplifier portion 450. Shown
within bit cell array 440 is a representative pair of bit cells which
correspond to memory cells 10 and 30 of FIG. 1, and are therefore
designated by the same reference numbers.

Sense amplifier portion 450 includes 64 sense amplifiers and has a
bidirectional connection to control and pre-decode portion 410. Each of
the 64 sense amplifiers is connected to eight bit lines and, based on




Previ ously known readi ng techni ques commonly ground the gate term nal of
t he unsel ected nmenory | ocations during a read operation. Even at a ground
potential there will be sonme finite anmount of | eakage current passing

t hrough each nmenory cell. In large array configurations, this parasitic

| eakage wi Il increase the power consuqﬁgton of the read operation. The
present invention, however, places a known voltage | evel on the gate
termnal of the isolation transistor of unselected nmenory cells to insure
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limting when defBHISAER] REClganLol snd pre- AElk 410 receives an
input address and control signals designating the read cycle. During the

cycle, control and pre-decode block 410 determines whether a byte of
memory cells are to be selected in the left or right half arrays so that only
array 440 or array 480 is active. During the read cycle, thé control gates of
all memory cells are held to a constant voltage level. In the illustrated

' embodiment this constant level is equal to a power supply voltage
labelled “Vsgs” plus a P-channel threshold designated "V1p" plus a small
additional voltage equal to approximately 200 millivolts. Vsg is a more-
negative or ground power supply voltage terminal which has a nominal
value of approximately zero volts. For unselected memory cells, the
isolation gate remains at 0 volts, while for selected memory cells, the
isolation gate is driven to the value f a power supply voltage terminal
labelled "Vpp". Vpp is a more positive power supply voltage terminal
having a nominal value of 2.7 volts but whose actual value, according to
the present invention, may be lowered to approximately 1.8 volts. These
voltages select one word line of the bit cell array. For example, if the
word line on which memory cell 10 resides were to be selected, select gate
1 "SG1" would be driven to a voltage of Vpp and control gate 1 "CG1"
would be held to the constant level. As a result, the conductance of
memory cell 10 will act to discharge bit line 14. However, while the
control gate CG2 of memory cell 30 is kept at the constant (DC) level, its
isolation gate will be driven to approximately 0 volts.

During a program cycle, also known as a write cycle, control and
pre-decode block 410 receives the address and control signals indicating
that a write cycle is in progress and provides decoded address signals as in
the read cycle. However, during the write cycle the flow of data is
reversed. The sense amplifiers in sense amplifier portion 450 serve an



I nventi on. FIG 4 illustrates, in partial block diagramand partia
plan view form a nmenory nodul e 400 according to the present invention.
Menory nodul e 400 includes generally a control and pre-decode portion 410,
a |l ow voltage word decode portions 420 and 460, high voltage word decode
portions 430 and 470, high voltage pre- gfcode portions 432 and 472, bit

cell arrays 440 and 480, and sense anﬁﬂl I er (amp) portion 450. Cbntrol and
pre-decode portion 410 has an input for receiving address and control
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| i nes and pv9¥ ?ﬁ the sensed signals to control and pre-decode portion
410, which output’s DATA in response. During a program node, DATA is input
through control dPuringancsesrieydiereithen aspledted wordrine, a selected block

of word lines, or an entire bit cell array, may be erased. Note that the
choice of options for erasure will vary from embodiment to
embodiment. During the erase cycle, the voltage driven on the control
gate determines whether memory cells in a selected word line will be
erased. The memory cells in the selected word line have their control
gates driven to 15 volts by high voltage word decode block 430 or 470 for a
sufficient amount of time. Note that the 15 volts applied to the control
gate of the memory cells on the selected word line must be maintained
for approximately 50 milliseconds. In memory module 400, which is
adapted for use with a microcontroller core, the 50 milliseconds is
determined by the microcontroller core, which must ensure that
memory module 400 is not accessed until such time has elapsed.
However, if memory module 400 were implemented as a stand alone
memory, it would be preferable to include an on-chip timer for

measuring the elapsed time during erase mode. During erase mode, the
isolation gate of the selected word line is driven to a voltage of Vpp.

Also during erase mode, all bit lines are held at a voltage of zero volts.
Holding the isolation gate to a value of Vpp allows tunneling to take
place more uniformly across the channel and can improve reliability.

FIG. 5 illustrates in partial block diagram, partial logic diagram,
and partial schematic form, a decode and sense amplifier portion (sense
amp) 500 of memory module 400 of FIG. 4. Sense amp 500 is



-9 - -anp portion 450 and driven onto the eight selected bit lines for
progranm ng into the corresponding nenory cells. Illustrated in FIG 4 are
two representative nenory cells 10 and 30 which are identical to the nmenory
cells of FIG 1 and thus are assigned the same reference nunbers. Note that
the terns "select gate" and "isolation.gate" are used interchangeably in
this discussion. Drain termnal 14 and the drain termnals of other nenory
cells located in the same colum are connected to a bit line mhlch S
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circuit 515 has a plurality of transmission gates including transmission:
gates 518 and 517. Transmission gate 518 has a positive and negative
control electrode connected to the control and decode portion 410, a first
current electrode connected to the second current electrode of transistor
513, and a second current electrode connected to a node 531 labelled
“INA”. Transmission gate 517 has a positive and negative control
electrode connected to the control and decode portion 410, a first current
electrode connected to the second current electrode of transistor 512, and
a second current electrode connected to a node INA 531.

Decode logic 520 has a plurality of N-type MOS transistors
including transistors 522 and 523, a select circuit 525, and a threshold
voltage generator 521. Transistor 522 has a gate, a first current electrode
for receiving one of a plurality of bit lines from bit cell array 480, and a
second current electrode. Transistor 523 has a gate, a first current
electrode for receiving one of a plurality of bit lines from bit cell array
480, and a second current electrode. Select circuit 525 has a plurality of
transmission gates including transmission gates 528 and 527.
Transmission gate 528 has a positive and negative control electrode
connected to the control and decode portion 410, a first current electrode
connected to the second current electrode of transistor 523, and a second
current electrode connected to a node 532 labelled “INB”. Transmission
gate 527 has a positive and negative control electrode connected to the
control and decode portion 410, a first current electrode connected to the

second current electrode of transistor 522, and a second current electrode
connected to node INB.



enbodi ment i ncludes ei ght data signals. Control and pre-decode bl ock
410 perforns several functions. Control and pre-decode 410 includes various
regi sters for enabling different operations of menory nodul e 400. Such
operations include, but are not limted to, charge punp enable, wite
enabl e, and erase enable. In addition,_qgaontrol and pre-decode bl ock 410

I ncl udes logic for receiving the ADDREé’/CCNTRCL and performng a portion
of the decoding function required to fully decode the address. Control and

pre- decode bl ochrgddistal 522 iH&S'aUgE&é, ® ¥biifcBi BAnbered (tb WiSp Ad hQdrak1g vari ous
power signals including voltages associated with charge punp 1120

i | | ust r at ed Transistor 544 hggjagate canpected temads INA S34, & soyrcsfionnesied e,
control andiptike desiadst thhnistof 522 ParY adhaid benieeadl esingde TRSes to | ow

| t d d ks ,420 d 460 .f further .d L ng. It I
V30 2 Genoainieiter sa hACAR i8pps MSaD for feceling ¢ sigheliahetd RICHITL r  ve
E: gnEI s nmay ARRAY! BNIABILE'Y 884, amd ar(lj outplluntemﬂ'dnl nal connekted ta)thefigﬁevnfr d decode

420 ' ' ' 440
ond a0 o Tekig BIE Y CiE-d SHREE0 RAPAR MoBR! Bludbimi cof BV HID
i | | ust r at es regeivingnsignaly LEFE ARRAM EN ABLE 588 Dedioprougeaiwrmingl ch | ow

vol : age 226@0%6&@& tBOWHHOEnd 20sdRbAY| iR feritGeltniiihl \@hhasied o to e nade
portion a

531, ()élfrretl\d;[ source 550 has an enable input terminal for receiving signal
RIGHT ARRAY ENABLE 584, a first current terminal connected to node
INA 531, and a second current terminal connected to Vss.

P-type MOS transistor 562 has a gate, a source connected to Vpp,
and a drain. P-type transistor 564 has a gate connected to the node INA, a
source connected to the drain of transistor 562, and a drain connected to
the terminal INA. The inverter 566 has an input terminal for receiving
LEFT ARRAY ENABLE 584, and a second output connected to the gate of
transistor 562. Current source 568 has an enable signal for receiving a
signal labeled "RIGHT ARRAY ENABLE 580", a first current terminal
connected to Vpp, and a second current terminal connected to the node

INB. Current source 570 has an enable terminal for receiving a signal
labeled "LEFT ARRAY 584", a first current terminal connected to ground,
and a second current terminal connected to the node INA. Voltage
comparator 530 has a control input terminal for receiving a signal labeled
"COMPARE ENABLE 582", a first input terminal connected to node INA,
a second input terminal connected to node INB, and an output terminal
for providing a signal labeled "DATA OUT 534".

Sense amp 500 represents a portion of one sense amplifier of the
sense amplifiers 450. The elements illustrated in sense amplifier 500 are
those portions of the sense amplifier related to a read mode.

In operation, during the beginning of a read cycle, the voltage
levels at nodes 531 and 532, on either side of voltage comparator 530, are
equalized to Vpp by circuitry not shown in FIG. 5. Sense amp 500, by
creating different discharge rates between node INA 531 and node INB
532, is able to sense at voltage comparator 530 the appropriate stored data
state in a bit cell and drive signal DATA OUT 534 in response.



cell érray 440. By splitting the [ow and high vol tage decoders between two

ends of the array and transmtting the predecoded signals on signal |ines
which fit within the available pitch of the menory cells within the array,
menory 400 reduces the circuit area required for decoding. Hi gh

vol tage pre-decode bl ocks 432 and 472 @5OV|de hi gh vol tage signals for use
in high voltage word decode bl ocks 430 and 470 respectively. Each of high
vol tage pre-decode bl ocks 432 and 472 receive three input power supply
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lines and, Rageqsm AGde INB 532. This difference in discharge rates allows the
voltage comparator 530 to detect a lower voltage on node INA 531 than
on node INB 532. As a result, voltage comparator 530 will detect a state
complimentary to that read when a non-conductive bit cell is read. _
The discharge rate of node INB 532, which acts as a reference when
data is being read from bit cell array 440, is controlled to a substantially
fixed rate by current source 570 which is enabled when LEFT ARRAY
ENABLE 580 is asserted to indicate the beginning of a read cycle. Also an
activation of signal LEFT ARRAY ENABLE 580 enables current source
548, which when selected provides current to charge node INA 531 at a
given rate. The rate at which current source 548 provides charge to node
INA 531 is such that when a non-conductive bit cell is selected in array
440, node INA 531 maintains a precharged voltage of Vpp. In addition,
the rate at which current source 548 provides charge to node INA 531 is
different in magnitude than the discharge rate of current source 570 such
that when a conductive bit is being sensed then the discharge rate on
node INA 531 is greater than the discharge rate on node INB 532.
Therefore, the charge rate of current source 548 is much smaller than the
discharge rate of current source 570.
The relationship of current sources 548 and 570 allow for voltage
comparator 530 to appropriately sense the conductive state of a bit cell
when node INB 532 and/or node INA 531 are discharging. This



decode information from pre-decode portion 410, perforns an eight-to- one
mul-ti pl ex function during a read node. Note that during a program node or
erase node a one-to-eight de-nultiplex function occurs. Eight multiplexed
outputs fromthe 64 sense anplifiers are further selected to provide an
ei ght-bit output. According to one aspef of the present invention, a
portion of the sense anplifiers are further used to store data durlng a
program cycle, saving integrated circuit area, as wll be nore fuIIy
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val ue f a palighaigiiy sodeb82gemiplétalylals a result, in a slow system, where
nodes 531 and 532 finish discharging, node INB 532 will maintain a
higher voltage level that node INA 531, where the voltage difference is
capable of being sensed by voltage comparator 530. Conversely, when a
non-conductive bit is being read, node INB 532 will be at a lower voltage
than node INA 531.

In order to sense the data in the manner discussed above, it is
necessary to convert current sensed from a bit cell in array 440 into a
voltage at node INA 531. Sense amp 500 achieves this sensing function
-in a way which allows operation at very low power supply voltages by
separating the current-to-voltage conversion function from the loading
function and distributing them on different sides of select circuit 515.
Sense amp 500 allows for low voltage operations by assuring that the
amount of voltage drop sensed at voltage comparator 530 is optimized, as
opposed to the prior art which had less current to generate the voltage
drop.

The voltage conversion relationship among these components
begins when transmission gate 517 is selected. Note transmission gate
517 is one of eight transmission lines in the Left Bit Decode block 519
which is controlled by decode logic to select one of 8 bit gates from the bit
cell array 440. Once selected, the sensed current from the selected bit line
is allowed to flow through N-channel transistor 512 which is biased to a
level two N-channel thresholds above Vgg by voltage reference 511. This
allows the N-channel transistor 512 to operate in a manner similar to
that of a common gate amplifier which has a low input impedance and a
relatively high output impedance. The low input impedance
characteristic of transistor 512 allows the bit line side of transistor 512 to



| abel led "VDD'. VDD is a nore positive power supply voltage term nal having
a nom nal value of 2.7 volts but whose actual value, according to the
present invention, may be | owered to approxinmately 1.8 volts. These

vol tages select one word line of the bit cell array. For exanple, if the
mord line on which nenory cell 10 re5|$§s were to be selected, select gate
1 "SGL" would be driven to a voltage of‘ VDD and control gate 1 "CGl" woul d
be held to the constant IeveI As a result, the conductance of nmenory cel
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the present invention over the prior art, is the fact that node INA 531 is

charged to Vpp prior to the onset of a read cycle. As result, when

transmission gate 517 is selected, the P-channel gate-to-source voltage of
the transmission gate 517 is the full power supply Vpp. This allows the
P-channel pdrtion of voltage transmission gate 517 to be fully conductive.
In the prior art, the gate-to-source is limited to Vpp minus the bit line
operating level which provides a gate drive which is very near the
threshold of the device. As a result, the prior art transmission gate
operates near cutoff. The present invention it is assured that during-a
slow operating memory cycle that node INA 531 is allowed to discharge
fully to ground. Without the N-channel portion of gate 517, this would
not be allowed to happen.

While the previous discussions focused on a read from memory
array portion 440, when data is being read from memory array portion
480, the circuit operates in a similar and mirrored fashion.

FIG. 6 illustrates a timing diagram of various signals associated
with a read cycle of both a conductive and a non-conductive memory
cell, which is useful in understanding the operation of sense amp 500 of
FIG. 5. The horizontal axis represents time for each graph portion. A
conductive bit read and a non-conductive bit read are each represented by
3 graph portions. A first graph portion represents voltage on the vertical
access, a second graph portion represents current, while a third graph
portion represents a comparator output state.

FIG. 6 illustrates the signal relationships discussed with reference
to FIG. 5 for a conductive bit read and a non-conductive bit read. Note
that while the relative values of the signals illustrated in FIG. 6 are



drivento 3.5 volts. Note that the voltage of 3.5 volts is obtained by
reduci ng the 5 volt charge punp voltage by an anount equal to an N- channel
transistor threshold "VIN' of an appropriately sized N-channel transistor.
During the read cycle, the isolation gate voltage determ ne whet her nenory
cell 10 is in an active word |ine, V\/nerf?s i n program node, the control
gate vol tage determ nes whet her cell s in the active word |ine.

During an erase cycle, either a selected word line, a selected bl ock of
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FIG. 7 illustrates, in block diagram form, a programming driver
700 for use in memory module 400 of FIG. 4. Programming driver 700
forms a portion of sense amp 500 of FIG. 5, and includes both elements
common to the-read cycle and elements unique to the write cycle.
Programming driver 700 includes a portion of voltage comparator 530 of
FIG. 5, a program driver 710, decoders 720 and 760, and forcing circuits 740
and 780. The portion of voltage comparator 530 relevant to
programming driver 700 includes isolation circuits 730 and 770, and a
balanced latch 750. Isolation circuit 730 has an input connected to a node
731, and an output connected to node INA 531. Isolation circuit 770 has
an input connected to a node 771, and terminal INB. Balanced latch 750
has control input terminals for receiving a signals labeled "READ
LATCH", "READ LATCHB", "PROGRAM LATCH", "PROGRAM
LATCHB", data input terminals connected to nodes 731 and 771, and an
output terminal for providing signal DATA OUT 534.

Forcing circuit 740 has an input terminal for receiving a signal
labeled "DATAL", and an output terminal connected node 731. Forcing
circuit 780 has an input terminal for receiving a signal labeled "DATAR",
and as output terminal connected node 771. Program driver 710 has a
voltage reference input terminal for receiving a charge-pumped
reference voltage labeled "VPGM", a first input terminal labelled “IN1”



-13- -representative of any of sense anps SAl through SAN illustrated in
FIG 4. Sense anp 500 includes decode |ogic portions 510 and 520, P-type
MOS transi stors 542, 544, 562, 564, inverters 546 and 566, current sources
548, 550, 568 and 570, and voltage conparator 530. Decode |ogic portion 510
has a plurality of N-type MOS transi stﬁgs i ncluding transitions 512 and
513, a select circuit 515, and a thresSholrd voltage generator .511.

Transi stor 512 has a gate, a first current electrode for receiving one of a
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transm ssi op es.inclu trans n, g J8 and 517. Transm ssion
gate 518 hasogﬁﬁgosﬁqlwvﬁﬂgﬁeﬂgﬂﬁgelaéﬁﬁﬂ oﬁkﬁh@tf ode connected to the
control and decoBeo| ?@fdﬁ(ﬁ‘[} ngamnﬁm driver 7o tincludes rcod&noﬁrélembﬁeh to the
second currenﬁ\ el ec
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oo e SNt b g
node | NA 53Balanced latchaS8qeceives thesdatartadbedriven 4o iaisplested\bitline NS
E L?Q:Ihzlt gr S frioft Fedinle) cir@its 740 ahd 7802 WhéndiaSprografl foldeCsighdld 525, and a
DATAL and DATAR are both driven, but in a complementary fashion.
Which one of signals DATAL and DATAR is true and which one is
complementary depends on which array half is selected. This state is
stored in the latch when signals labeled "PGM LATCH" and "PGM
LATCHB" activated. The latched data is received by program driver 710
which presents the appropriate voltage level to the bit line decoder
where the selected bit line is located. Likewise, when right bit cell array
480 is selected during a write mode, forcing circuit 780 drives the
appropriate state to the latch 740, and the program driver 710 provides
the appropriate signal to bit line decoder 760.

Program driver 710 is adapted to receive the signals on nodes 731
and 771 at inputs IN1 and IN2, respectively, and to provide output
voltages labeled OUT1 an OUT2, respectively. The voltages at OUT1 and
OUT2 are at higher voltage levels than the received voltages. The higher
voltage levels are determined by an input voltage signal VPGM which is
approximately five volts. Because of the operation of program driver
710, voltage comparator 530 requires isolation circuits 730 and 770 to
prevent the higher voltages of signals OUT1 and OUT2 from damaging
the circuitry of balanced latch 750. Also, during a program cycle, the
current demands of selected memory cells affect the voltage of VPGM
significantly, therefore, it is important to power balanced latch 750 from a
stable Vpp supply which is separate from VPGM. The reuse of voltage
comparator 530 allows a reduction in circuit area and allows the program
driving function to be accomplished within a relatively small pitch,
namely the pitch of 8 bit lines associated with the sense amplifier.




vol tage generator 521. Transistor 522 has a gate, a first current electrode
for receiving one of a plurality of bit lines frombit cell array 480, and
a second current electrode. Transistor 523 has a gate, a first current

el ectrode for receiving one of a plurality of bit lines frombit cell array
480, and a second current el ectrode. ghect circuit 525 has a plurality of
transm ssion gates including transm ssfon gates 528 and 527. Transm ssion
gate 528 has a positive and negatlve control el ectrode connected to the
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€ " 0;
548 has an BMibAB qndpDA%RmfﬂG Savhlﬂﬁc,fem.p?@‘f of aibus. Sigmaly, ENABLE
580, a firshnd @IDECR FFIA. 8dre node INA 531 and node INB 532, respectively, of

FIG. 5. Other elements which correspond to elements in FIGs. 5 and 7 are
identified with the same reference numbers.

FIG. 9 illustrates, in partial block diagram, partial logic diagram,
and partial schematic form a control gate driver circuit 900 in accordance
with the present invention. - Control gate driver circuit 900 represents a
portion of high voltage word decode portion 430 of FIG. 4. Control gate
driver circuit 900 includes an isolation circuit/level shifter 910, a voltage
reference switch 912, P-type MOS transistors 925, 932, 934, and 936, a bias
circuit 920, an erase voltage supply 914, a positive program voltage supply
916, a negative program voltage supply 930, a pulse circuit 940, and a high
voltage row decoder 950.

Isolation circuit/level shifter 910 has a first input terminal for
receiving a signal labeled "PROGRAM/ERASE DECODE" 964, a second
input terminal for receiving a signal labelled "READ SIGNAL" 962, a first
voltage reference terminal, a second voltage reference terminal
connected to a ground potential, and an output terminal. Voltage
reference switch 912 has a first input voltage reference terminal, a second
input voltage reference terminal, and a third input voltage reference
terminal, and an output terminal connected to provide a voltage
reference output to the first voltage reference terminal of isolation circuit
910.

Transistor 925 has a gate connected to a ground potential, a drain
connected to a ground potential, a source connected to the first input
voltage reference terminal of voltage reference switch 912, and a bulk
terminal. Bias circuit 920 has a first terminal connected to the source of
transistor 925, and a second terminal connected to the bulk terminal of



. connected to VDD, and a second current term nal connected to node | NA 531.
Current source 550 has an enable input term nal for receiving signal R GHT
ARRAY ENABLE 584, a first current termnal connected to node INA 531, and a
second current term nal connected to V[ferr]. P-type MOS transistor
562 has a gate, a source connected to_¥bD, and a drain. P-type transistor
564 has a gate connected to the node INA a source connected to the drain
of transistor 562, and a drain connected to the termnal |INA The inverter
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transistors along a selected row, and a bulk electrode connected to the
first current electrode. Transistor 934 has a gate, a first current electrode,
a second current electrode connected to the second current electrode of
transistor 936, and a bulk electrode connected to the first current electrode
of transistor 936. Transistor 932 has a gate, a first current electrode, a
second current electrode connected to the first current electrode of
transistor 934, and a bulk electrode connected to the first current electrode
of transistor 936. Negative programming voltage supply 930 has a first
terminal connected to a ground voltage supply, and a second terminal
connected to the first current electrode of transistor 932. Pulse circuit 940
has an input for receiving a signal labelled “DECODED ADDRESS”, and
has a first output terminal connected to the gate of transistor 932, and a
second output terminal connected to the gate of transistor 934. High
voltage row decoder 950 for receiving a signal labeled "ADDRESS 960",
and an output for providing the DECODED ADDRESS to pulse circuit
940.

Note that as illustrated in FIG. 9, control gate driver circuit 900
includes portions of high voltage pre-decode block 432 and high voltage
word decoder 430. However, in other embodiments the designation of
these functions may be different. Therefore, it is important to recognize
the function being performed in total by control gate driver circuit 900.



I f node I NA 531 has been selected to receive information froma bit cel
array 440, and a non-conductive bit cell of array 440 has been sel ected,
there woul d be no discharge rate on the node I NA 531. As a result, node | NA
531 would maintain its precharge |evel of VDD. However, node |INB 532, which
has not been selected to receive inforggtion frombit cell array 480, would
be allowed to discharge at a pre-deterimined rate, therefore, allow ng the
vol tage conparator to detect a | ower voltage on node |INB 532 than on node
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being read frombit®cell array 440, 15 contrpolled, to.a substantially fixed
rate by cur Pt asmal additiongliamont. o khe selhadsitionst Ameunt BNABLE 180 | <

asserted todetshiinéd bythehelitivel digesodf resiserd 921 cdriel 923 and ahe
characteristics of transistor 925. Bias circuit 920 uses the body effect of
MOSEFETs to cause the threshold of transistor 925 to increase slightly;
thus the voltage at the source of diode-connected transistor 925 will be
slightly higher that the voltage required at the source of transistor 936 to
make it conductive. Because of the incremental difference in biasing
between transistor 925 and transistor 936, transistor 936 becomes slightly
conductive. This control to make transistor 936 slightly conductive is
achieved by biasing the bulk of transistor 925 slightly above the source
through bias circuit 920 and the matching between transistor 925 and 936.
Preferably transistors 925 and 936 are given the same gate width and gate
length sizes and are oriented in the same direction on the integrated
circuit. In addition, the small additional voltage is preferably selected to
guarantee that transistor 936 becomes conductive for all expected
processing variations.

During an erase mode, voltage reference switch 912 is set to the
second position to electrically connect erase supply voltage 914 and the
first voltage reference terminal of isolation circuit/level shifter 910.
Since READ SIGNAL 962 is inactive during an erase mode, whether
isolation circuit level shifter 910 provides +15 volts to the control gate is
determined by PGM/ERASE DECODE SIGNAL 964. PGM/ERASE
DECODE SIGNAL 964 represents a logical combination of both a
program/erase signal and a pre-decoded signal which is received from
low voltage word decode block 420 or 460. During the erase mode if
PGM/ERASE DECODE SIGNAL 964 is active, control gate driver 900
drives the corresponding control gate to the +15 volt level generated by
erase voltage supply 914.



~activation of signal LEFT ARRAY ENABLE 580 enabl es current source 548,
whi ch when sel ected provides current to charge node I NA 531 at a given
rate. The rate at which current source 548 provides charge to node | NA 531
i's such that when a non-conductive bit cell is selected in array 440, node
I NA 531 maintains a precharged voltageaf VDD. In addition, the rate at

whi ch current source 548 provides charge to node INA 531 is different in
magni tude than the discharge rate of current source 570 such that when a
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conductive, thereby providing the voltage of 3.5 volts to the control gate
of the cell not selected for programming.
When signal PGM/ERASE DECODE 964 is inactive, indicating the
corresponding control gate is located on a selected row, isolation
circuit/level shifter 910 drives Vgg to the first current electrode of
transistor 936, making transistor 936 nonconductive. At the same time,
high-voltage row decoder 950 activates signal DECODED ADDRESS to
pulse circuit 940. Pulse circuit 940 makes transistors 932 and 934
conductive, causing negative program voltage supply 930 to be connected
to the control gate. Note that when selected in this fashion, transistor 936
acts as an isolation transistor to prevent the -12 volt provided by negative
program supply 930 from reaching the output terminal of isolation
circuit/level shifter 910. |
By providing a 3.5 volt bias to cells not selected for programming,
control gate driver circuit 900 accomplishes two objectives. First, it
reduces the portion of the bit cell junction leakage current which is
influenced by the electric field near the edge of the floating gate. This
reduction in leakage current in turn reduces the current demand from
the programming power supply. Control gate driver circuit 900 also uses
the 3.5 volt bias on unselected control gates to moderate the electric field
across the tunnel oxide of unselected cells on a bit line selected for
programming. This reduces the rate at which bit line voltages may
disturb the data state stored on unselected cells of the bit line being
programmed.
Negative program voltage supply 930, positive program supply
916, and erase voltage 914 are common to both left half bit cell array 440
and right bit cell array 480. Within high voltage word decode block 430




tranststor 562. Transistors 562 and 564 clanp node INB 532 to a predefined
voltage, and therefore, prevent current source 570 from di schargi nhg node
532 conpletely. As a result, in a slow system where nodes 531 and 532
finish discharging, node INB 532 will maintain a higher voltage |evel that
node I NA 531, where the voltage differepce is capable of being sensed by
vol t age conparator 530. Conversely, when a non-conductive bit is being
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program voltage supply 930 to be made smaller as well.

FIG. 10 illustrates in schematic form specific circuitry which may
be used to implement a portion of pulse circuit 940 of FIG. 9. Note that
this circuitry is only exemplary and other circuitry may be used. FIG. 10
also illustrates transistor 934 and a P-channel transistor 1002. Transistor
1002 is similar to transistor 934, but drives a control gates on a different
word line than does transistor 934. Transistor 934 provides a control gate
drive signal labelled “CG0”, whereas transistor 1002 provides a different
control gate signal labeled "CG1". Being a specific implementation of the
invention, there is not necessarily a one to one correspondence between
the signals of FIG. 10 and those of FIG. 9.

FIG. 11 illustrates in partial block diagram and partial schematic
form a charge pump 1120 used to generate the supply voltages for control
gate driver circuit 900 of FIG. 9 in accordance with the present invention.
Charge pump 1120 includes a non-linear stage 1130, a reference voltage
generating stage 1140, and linear stages 1150 and 1160. The voltage
reference generating circuit 1140 is connected to a first voltage reference
terminal (Vpp), and produces a reference voltage labeled "Vz". Vppisa
more positive power supply voltage terminal having a nominal value of
2.7 volts but which may have a much lower value. The stage 1130 is
connected to Vpp, receives reference voltage Vz and a signal labeled
"PROGRAM/ERASE CONTROL", and produces signals labeled



-17- ' pre-charge quickly at the onset of the read cycle, while the high

i npedance out put characteristic in conbination with the very high inpedance
characteristics of current source 548, allow for a high voltage gain across
the transistor 512 onto node | NA 531. As a result of the distribution
of the sense anplifier function, trang?ggor 512 in the present enbodi nent
presents a | ower inpedance to the bit [ine than would be presented by the
prior art. The advantage of positioning the current-to-voltage converter in

this way i S"PK@GKA!W VOITAGES1"Y Qnidosi Is%b@ﬁéd)sgﬁ"r agrpTl SFCONafat e 517,
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gat e o o-source is
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drive whichP LQQE: YETAGE 2n$ appEPdmately vd2 ¥ thusghegaget | the
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i s assured =a sI ra.tl cycle that node INA 531 is
al | owed to 5@3&5 q?tBBtf SHW%X%t %Be N-channel portion of gate
517, this woul d Non-linea stage #i130irchybesn a regulated voltage doubling stage

1132 having an input connected to Vpp, an input labeled "Vz" for

receiving a voltage reference signal, and an output for producing an
output voltage approximately double the voltage received at the input; a
voltage doubling stage 1134 having an input connected to the output of
stage 1132, an input labeled "Vz" for receiving a voltage reference signal,
and an output for producing an output voltage approximately double the
voltage received at the input; a voltage doubling stage 1136 having an
input connected to the output of stage 1134, an input labeled "Vz" for
receiving a voltage reference signal, an output for producing signal
PROGRAM VOLTAGE 1, and the phase signals DA, @B, 9C, OD.

Preferably the voltage Vz is chosen to limit any stage from
producing an output of more than five volts as required by the
PROGRAM VOLTAGE 1. In the present embodiment of the invention,
each stage receives the same voltage reference, as they all receive the
same voltage Vz. In a different embodiment, different reference voltages

- could be used for each stage. The regulated voltage doubling stage 1136
generates a series of driving signals having a voltage amplitude
approximately equal to the PROGRAM VOLTAGE 1. These driving -
signals are used to provide timing and power to the linear stages 1150
and 1160.

The voltage reference generating circuit 1140 includes regulated
voltage doubling stage 1142 connected to the regulated voltage doubling
stage 1144. The stage 1144 is connected to the linear stage 1146. Stage 1146
is connected to a current shunting regulating diode 1148, which is
connected to a power supply voltage terminal labeled "Vsg". Vgs
generally has a nominal value of 0 volts which is a lower potential than



Whi | e t he previ ous di scussions focused on a read fromnmenory array portion
440, when data is being read fromnenory array portion 480, the circuit

operates in a simlar and mrrored fashion. FIG 6 illustrates a
timng diagram of various signals associ at ed with a read cycle of both a
conductive and a non-conductive nenory_ éa which is useful in

under st andi ng the operation of sense arr% 500 of FIG 5. The horizontal axis

represents tine for each graph portlon A conductive bit read and a

non- conduct iyy, blﬁ‘é&g@*ﬁé&m % b%/lll,ﬁ N PR AR dskQag A first

gr aph portlo epres s vol tag& on t access seconc? graph
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il ]chS]t rat ed t(ljtat o (xj'lé o?ﬂthﬁ stages 1142 1144fand 1146 may need to have a - 18-
useful in understanding,the o er n_Q ey are not
necessarily s&F%V\ﬁa'iyo téon ¥es"e§§%?i$wé’? %a%%%st% 531, during
a conduct i | veinhetentdagt. aBlwuademmd/tbhtmmddﬂxMaﬂdd@éﬂrmbebeat node NB
532 will s‘% 531 and
wi || not discharge con%ﬁ&%?fﬁg{eg;a?%ﬁd&%é aSuBhﬁg%lta\%fs ge co ar at or
530 can readPh Furrenhand grea pansizaints efja givesn yrpliration, mgmeos%o ol t age

difference haiappepungs 2130\t 8 hbcaddrpfsiastaddd 1133, 1144, and 1146 to
generate a voltage Vz sufficient to bias the diode 1148 such that it breaks

down, thereby producing the reference voltage V.

Linear stages 1150 and 1160 are used to generate an ERASE
VOLTAGE and a PROGRAM VOLTAGE 2 respectively. Stages 1150 and
1160 are Dickson type linear charge pumps well known in the art.

FIG. 12 illustrates in partial block diagram and partial schematic
form voltage doubling stage 1132. Note that voltage doubling stage 1132
may be used as one of the other voltage doubling stages of FIG. 11.
Voltage doubling stage 1132 includes capacitors 1282 (C1), 1292 (C2) and
1204 (C3), P-type transistors 1283, 1284, 1285, 1286, 1293, 1294, 1295, 1296
and 1202, N-type transistors 1287, 1297, and 1206, and level shifter 1270.
Capacitor C1 has a first electrode and a second electrode. P-type transistor
1283 has a control electrode for receiving a signal labeled "CK3", a first
current electrode, a second current electrode connected to the first
electrode of capacitor C1, and an N-type bulk terminal connected to its
first current electrode. Transistor 1284 has a control electrode connected
to receive a signal labeled CK7, a first current electrode, a second current
electrode connected to the first electrode of capacitor C1, and an N-Type
bulk terminal connected to the bulk terminal of transistor 1283. P-type
transistor 1285 has a control electrode connected to receive a signal
labeled CKS6, a first current electrode connected to the second current
electrode of transistor 1284, a second current electrode connected to
receive an input voltage labeled "ViN", and an N-bulk terminal
connected to the N-bulk terminal of P-type transistor 1283. P-type
transistor 1286 has a control electrode connected to receive a signal
labeled CKS5, a first current electrode connected to the second current



which-is distorted only by the internal voltage offset of the conparator
530. Li kewi se, the graph 600 illustrates a representation of a nenory
cell current associated with a bit cell of array 440, referred to as "IBIT"
612; a representation of the current through the current sources 548 and
568, referred to as "S1" 614; and a rep esentatlon of the current through
the current sources 550 and 570, referred to as "S1" 614. Likewi se,
graphical information for a-non-conductive bit read is also provided in
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P-type transistor 1296 has a control electrode connected to the control
electrode of transistor 1285, a first current electrode connected to the
second current electrode of transistor 1295, a second current electrode,
and an N-bulk terminal connected to receive ViN. Transistor 1297 has a
control-electrode connected to receive a signal labeled CK2, a first current
electrode connected to the second current electrode of transistor 1296, and
a second current electrode connected to the first voltage reference
terminal. C2 has a first electrode connected to the second current
electrode of transistor 1294, and a second electrode connected to the
second current electrode of transistor 1296. Transistor 1293 has a control
node connected to receive a clock signal labeled CK4, a first current
electrode connected to the first current electrode of transistor 1283, a
second current electrode connected to the first electrode of C2, and an N-
bulk terminal connected to the N-bulk terminal of transistor 1283.
Transistor 1202 has a control electrode connected to the first
voltage reference terminal, a first current electrode connected to the first
current electrode of transistor 1283, a second current electrode connected
to the first current electrode of transistor 1294, and an N-bulk terminal
connected to the N-bulk terminal of transistor 1283. Capacitor C3 has a
first electrode connected to the second current electrode of transistor 1202
and providing a signal labelled "UNREGULATED OUTPUT VOLTAGE"
thereon, and a second electrode connected to the first voltage reference




- 19-* connected to node 731, a second input termnal |abelled "IN2"
connected to node 771, a.first output termnal |abelled "OUT1" for
providing a first output signal labelled "V[err]", and a second out put
termnal |abelled "OQUT2" for providing a signals |abelled "VOUTR". In
operation, programmng driver 700 inclyges common el ements with sense anp
500 of FIG 5, which saves circuit area. As shown in FIG 7, voltage
conparator 530 is also used during the program node and includes a bal anced
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respect i vel seferendet enlygromidimaliagaount of charge needs to be provided by the

circuit 1140. The non-linear stage 1130 provides the PROGRAM

VOLTAGE 1, and therefore, provides the charge needed by an external

load (not shown). By using non-linear stages, first stage capacitors

having thinner dielectric layers can be formed on semiconductor devices

because of the significantly lower voltages at these first stages. Thinner

dielectrics allow for capacitors having higher capacitance, as will be

described with reference to FIG. 14 below. This allows for a charge pump

using less semiconductor area. :

FIG. 13 illustrates a timing diagram of signals useful in
understanding the operation of voltage doubling stage 1132 of FIG. 12.
FIG. 12 illustrates the timing relationship of signals @1-J4 and CK1-CK8
which control the operation of regulated voltage doubling stage 1132 of
FIG. 12. Now considering FIG. 13 in conjunction with FIG. 12, each clock
signal is either active or inactive during a specific time, or portion, of the
clock cycle. Portions of the clock cycle are referenced as t1, {2, t3, and t4.
CK1 is active high during t1 and t2. CK4 is active low during t1. CK6 is
active low during time t1. CK8 is active low during period t1. CK2 is
active high during period 3 and t4, CK3 is active low during 3. CKS5 is
active low during t3. CK7 is active low during period t3. Note, the
arrows of FIG. 13 indicate when an edge occurs at a substantially similar
time during {2 or t4, but actually following another edge occurring at the
same substantial time. For example, the rising edge of CK4 in time {2
occurs after the rising edge of CK6 during time 2. This, in effect,
guarantees that the transistor controlled by CK6 has transitioned prior to
the CK4 signal being termed inactive. CK1 and CK2 transition active low
at the end of times t2 and t4 respectively. The timing of FIG. 13 allows




vol tages | abel ed QUT1 an OUT2, respectively. The voltages at OUT1 and QOUT2
are at higher voltage |evels than the received voltages. The hi gher voltage
| evel s are determined by an input voltage signal VPGM which is
approximately five volts. Because of the operation of programdriver 710,
vol tage conparator 530 requires isolatpgn circuits 730 and 770 to prevent
the higher voltages of signals OUT1 and OQUT2 from damagi ng the circuitry of
bal anced | atch 750. Al so, during a programcycle, the current demands of
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the cycle ends. During {3, the capacitor C2 is charged in a similar manner

to VIn.

During t1, C2 is generating the doubled voltage necessary to
produce the UNREGULATED OUTPUT VOLTAGE. This is facilitated by
transistors 1293, 1296 and 1294 being driven active, while transistors 1297,
1295, 1284, 1286 are driven inactive. This connects C2 between the
UNREGULATED OUTPUT VOLTAGE terminal and VN, while isolating
the capacitor C2 from the remainder of the circuit 1132. The voltage
produced at the first electrode of transistor 1294, which represents the
unregulated output voltage, is the addition of the voltage across C2 and
VIN. As discussed previously the voltage across C2 is approximately VN,
and therefore produces a voltage twice, or doubled, ViN. The
unregulated output voltage is regulated by transistor 1206 which is biased
by signal Vz which is essentially constant, to provide the REGULATED
OUTPUT VOLTAGE. During t3, the capacitor C1 is connected between
ViNn and the output terminal in a similar manner.

During time t2, in order to prevent charge from being injected at
the electrode common to transistors 1286 and 1287, it is necessary to hold
transistor 1287 in an active state. This ensures that the electrode is held
at ground, thereby ensuring that the drain-to-substrate junction
represented by the electrode is not forward biased. For example, by
ensuring transistors 1284, 1285 and 1286 have fully transitioned before
turning transistor 1287 inactive, the possibility for forward bias of
substrate junctions is avoided. Likewise, while transistors 1294, 1295, and
1296 are transitioning during time t4, it is assured that transistor 1297 is



DATAL: and DATAR of FIG 8 which formpart of a bus. Signals CDECL and CDECR
of* FIG 8 are node INA 531 and node I NB 532, respectively, of FIG 5. Oher
el enents which correspond to elements in FIGs. 5 and 7 are identified with
t he sanme reference nunbers. FIG 9 illustrates, in partial block

di agram partial |ogic diagram and p@?ﬂLal schematic forma control gate
driver circuit 900 in accordance with e present invention. - Control gate
driver circuit 900 represents a portion of high voltage word decode portion

430 of FlG héld {fie ) avsilehdrdaryd affbéts Ol tHROR0AS ebERSn 36 tiatRistbisOn
ci rcui t/Ievﬂ shl({; 910, a voltage reference swtch 912, P-type MOS
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afirst terg @UI.&H-:DfOU"I@'ﬂPI‘ YOI TRAGE. Shch @ second
termnal cop fage ﬁx?no e%?ﬁl galxjtlxslésﬁorg trans1st0rs to become less conductive
than otherwise. If sustained, such a condition would reduce the overall
output of the pump. Therefor transistor 1202 ensures that any voltage
differential is merely transient in nature. By driving the N-Bulk to the
UNREGULATED OUTPUT VOLTAGE, and not letting it charge and
discharge with every cycle, efficiency is gained since no charge is lost due
to capacitive parasitics associated with the well.

During time t2 and t4, it is possible for there to be a period of time
where CK4 has transitioned and CK1 has not transitioned. During this
time, it is not possible for the REGULATED OUTPUT VOLTAGE to
receive its voltage from the transistors C1 or C2, therefore, the capacitor
C3 is needed in order to bridge the gap during this period of time, and
supplies any charge required by level shifter 1270 during t2 and t4.
Generally, the capacitor C3 will be much smaller that the capacitors C1
and C2, as the time represented by t2 is much smaller than t1. Likewise,
C3 provides the needed voltage during time t4.

The level shifter 1270 receives the signals 1 through &4 as
represented in FIG. 13. 1 represents an active signal during time t1.
Signal @2 represents an active signal during time period t2. Signal @3
represents an active period during time t3. Signal &4 represents an
active signal during time t4. These signals are combined to generate the
appropriate active signals and inactive signals for CK1 through CK8. CK1
and CK2 have an inactive low voltage of zero or ground, and an active




-21- -transistor 925. Bias circuit 920 includes resistors 921 and 922.

Resi stor 921 has a first term nal connected to VDD, and a second term nal
connected to the bulk el ectrode of transistor 925. Resistor 922 has a first
term nal connected to the second term nal of resistor 921, and a second
term nal connected to the source of tn%ﬂaistor 925. Erase vol tage
supply 914 has a first term nal connected to a ground reference potential,
and a second term nal connected to the second voltage reference input of
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dr1ve the Dickson type stage 1146. Because of the requirements of the
Dickson stage 1146, the signals @5 and @6 must be substantially equal to
the bias or output voltage of stage 1144. With this condition met, the
Dickson stage 1146, which has three internal stages, can provide an
output voltage as much as four times its input voltage, but in any case, is
limited to the breakdown voltage of the diode 1148.
Stages 1132, 1134, and 1136, of the nonlinear stage 1130 use the

regulated voltage doubling stage circuit 1132 of FIG. 12. In each of these
cases, the regulating voltage Vz limits the voltage generated by any stage

to five volts. The final stage of the nonlinear stage 1130 provides the
additional phase signals GA, @B, JC, and @D. These signals are
generated from the circuit 1132 by using two N and P transistor pairs (not
shown) connected between the REGULATED OUTPUT VOLTAGE node,
and ground. The timing is controlled by the timing signals in FIG. 13.
Which pair of the N and P transistors is selected is actually controlled by
the PROGRAM/ERASE CONTROL signal. The selected N and P
transistor pair will generate the complimentary output signal needed to
allow the Dickson type charge pumps 1150 and 1160 to operate. It should
be noted that the operation of stage 1150 and stage 1160 are mutually
exclusive of each other in that only one stage will be driven at any given
time.

In order to estimate the capacitor values for C1 and C2 for each of
the regulated voltage doubling stages 1132, 1134, 1136, 1142, and 1148, the
following equations can be used:



" connected to the first current electrode of transistor 932. Pulse circuit
940 has an input for receiving a signal |abelled "DECODED ADDRESS",
a first output termnal connected to the gate of transistor 932, and
second output term nal connected to the gate of transistor 934. High
vol tage row decoder 950 for receiving_g,signal |abeled "ADDRESS 960"
.an out put for providing the DECODED Al SS to pulse circuit 940.
Note that as illustrated in FIG 9, control gate driver circuit 900

i ncl udes portio Al gheyo .e-decode bl ock 432 and high volt
g.ﬁqﬁé)h&’t $QA II&@QEr&i,

wor d decoder 43

wever, in other“enbodi nents the designation of t

and has
a

, and

age
hese

functions may be different. Therefore, it is inportant to recognize the
function bei ng pEghatiorQ: iV{n) et ¥ppoy (Cout M Nbpp&t (nAN);ver circuit 900.

In operation, control gate driver circuit 900 drives a control
gate as specified in FIG 3, and as further described with reference to
FIG 4. During aEqeaifomB8d&/c(mpktny¥ (nd)er¥mle switch 912 is set to the
first position to allow electrical connection to the source of trans
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925. Also during the read node,

i stor

READ SI GNAL 962 is active causing isolation

circuit/level shEquation$o C@m)psr QFlad §2 V(N (eff *I (B-1oMIPLVetdr mi nal equal

to the voltage on the first voltage reference termnal. This voltage

equal to the P-channel threshqld, volta f gragnsistor 9 plus a small
addi ti onal anoun guq%@'éhéfqotajgg) Fisb‘l%%?éﬁlﬁ&“ﬁf%m nt o K

Where: VppD is the supply voltage
N is the number of stages in the charge pump;
Iout is the desired output current;
Vout is the desired output voltage;
eff is the efficiency of the circuit;
Freq is the frequency the charge pump is switching at

Equation 1 indicates the amount of charge available at the charge
pump output. Equation 2 indicates the voltage at the output of a given
stage n, if stages are sized to produced uniform stage to stage voltage gain.
Equation 3 is the change in voltage across the capacitors of a given stage
and during a pump cycle, which includes the charge and discharge of a
capacitor such as C1 or C2. Equation 4 is the total capacitance of a given
stage and of a charge pump expressed in picofarads. The value C(n) is the
sum of capacitance of C1 and C2. Generally, C1 and C2 will be
substantially similar. For example, for a Vpp of 1.8 volts, and a three
stage charge pump, requiring an output current of 1 microamp, and a
required output voltage of 4.5 volts, with a clock signal of 1 megahertz,
and a circuit efficiency of 98%, a capacitor value for the first stage of 3.7
picofarads per microamp of an output current. Stage two would have a
capacitor requirement of 1.3 picofarads per microamp of output current,
while stage 3 would have a capacitor requirement of .5 picofarads per
microamp of output current. This would be the capacitor values needed
for the combined capacitance of C1 and C2.
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determ ned by the relative sizes of resistors 921 and 922 and the
characteristics of transistor 925. Bias circuit 920 uses the body effect of
MOSFETs to cause the threshold of transistor 925 to increase slightly; thus
~the voltage at the source of diode-connected transistor 925 will be
slightly higher that the voltage requiggd at the source of transistor 936
to make it conductive. Because of the Increnental difference in biasing
between transistor 925 and transistor 936, transistor 936 becones slightly

COR_duct ijvg- Thi STH@B&IE@I!egtéIh fatxéeradlﬁefhgasgcgrﬁoea a‘ﬂ‘f‘fé M\d&@@&\ét?th ive is
acnl eve i asin e u ra St or ove e source
P oo b D advatate oF ding A RAIHinGRE RBATER PHBIR. QL thE PRers AoV Safit ang 056,

Preferabl y Theoaj admrrsof%%geamb sighiffsaatlyilas rtthmshﬁEa}mﬁmrmeqthr@d gate
enat 255 e Yis® 2 el » olie8 i TRUORB T WA BR SPC oo

to guar ant eEIG Hek, whighgllustoates 36 grapbicad forndihet capacitancesdgsociapest t ed

processi ng e
B ton 013 Vot Slh¥age of Ch?;; ?‘i‘*@m”&m LR a‘%"%‘*‘ﬁ%‘éﬁ%eﬁ Pase

suppl y vol t perabing geI“Féf @%;éggléfgﬁe r@ﬁegvg@rﬂhaﬁ appf the) ati on
circuit/| evedcond ﬁ&m@ﬁﬁrd stages, tReABYSA NS Zhinhet ddbityie 1dyél i an
T e O R T
DECCDE Sl G\Bﬂnb&dilmenpoéﬂwhweahbng tluatieterttic dayeéroof cdpabitohCa qanolpe ant er ase
SLneL 209 bR P il bl SRIENE Sula DY QU 295 1,
964 is acti sdowsdhe formation o ¢ sppadiprausings mwshoumallenpécesreant rol

gate 10 thegzkpoN®ubirlgty Bhick #MH @lefibthilY a8 TeGErd @it AUCsRPEPLY MHC3
' because of the larger voltages associated with them.

While the present invention has been described in the context of a

preferred embodiment, it will be apparent to those skilled in the art that
the present invention may be modified in numerous ways and may
assume many embodiments other than that specifically set out and
described above. For example, other voltage levels may be used to |
program the memory cell, or different numbers of control gates could be
controlled with the control circuitry. Accordingly, it is intended by the
appended claims to cover all modifications of the invention which fall
within the true spirit and scope of the invention.



-23 - During a program node, voltage reference swtch 912 is set to
the third position to electrically connect positive program supply voltage
916 and the first voltage reference termnal of isolation circuit/leve
shifter 910. Unli ke erase node, signal PGR/ ERASE DECODE 964 is active
during program node when the corresponding control gate is not |ocated on a
sel ected row. Wen driving an unselected row, isolation circuit/level
shifter 910 drives a voltage equal to 3.5 volts which is provided by
positive program supply 916. The 3.5 vatAB/gnal applied to the first
current electrode of transistor 936 causes transistor 936 to becone
conductive, thereby providing the voltage of 3.5 volts to the control gate
of the cell Intdinsel ected for programm ng. Wien si gnal PGV ERASE
DECODE 964 is inactive, indicating the corresponding control gate is

| ocated on a selected row, isolation circuit/level shifter 910 drives
Vierr] to the fiin@ memarytcosprisingdn afray of mempry celbslocated aty t r ansi st or

936 nonconducti v | r ctivates
si gnal  DECCDED A%'Sa‘é%ﬁ%ﬁs S8 Fplliy oF dflect S8 AR PLAGRRFBY bR haA?

transi stors 932 &f@wW ﬁc‘&fﬂ' g @n iRyt forgraceiying adoyy add Wvﬁ‘g‘ié&e suppl y
930 to be COﬂnerﬁ@pﬁDfderttﬁr@ﬁh %n@@ﬁ@plﬁﬁﬂﬁybﬁ@él@hﬁﬂeﬁi éslugéthin this

fashi t t t { { t the -12
volt provided by d%s‘@‘i?ﬁ%%‘%&%o%}s&?aﬁ‘gﬁblrﬁ%%’%&# SR ARG, RBAAR put
term nal of isol autput forractivating\at leashioheaf adplirality of s@ctrmgnalshthg a 3.5
volt bias to cel In? }Epé%kt%(é}q%ﬂe@{mlp‘gogramﬁ ng, control gate driver

circuit 900 accoip First, it
a plurality o current-to-voltage converters each having an

input terminal coupled to a corresponding one of said
plurality of bit lines, and an output terminal;

a select circuit having a plurality of input terminals coupled
corresponding output terminals of said plurality of
current-to-voltage converters, a plurality of control
input terminals coupled to said output terminal of
said column decoder, and an output terminal;

a loading device having a first terminal coupled to a power
supply voltage terminal, and a second terminal
coupled to said output terminal of said select circuit;
and

a voltage comparator having a first input terminal coupled
to said output terminal of said select circuit, a second
input terminal for receiving a reference signal, and
an output terminal for providing a data out signal
representative of a logic state of a selected memory
cell.

2, The memory of claim 1 wherein said loading device comprises a
current source.
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reduces the portion of the bit cell junction |eakage current which is

i nfl uenced by the electric field near the edge of the floating gate. This
reduction in | eakage current in turn reduces the current demand fromthe
progranmm ng power supply. Control gate driver circuit 900 al so uses the 3.5
volt bias on unselected control gates_gg_noderate the electric field across
the tunnel oxide of unselected cells on a bit |line selected for

programm ng. This reduces the rate at which bit line voltages nmay disturb
the data state stored on unselected cells of the bit Iine being programmed.

Negative program.woltage supp 930 ositi.ve program supply, 916, and erase
vol t age 914%are mﬂﬂ%’ Bgfi‘?\{ﬁneft‘”%fafn ﬁarl\fll @&i@r%&ﬁgﬁiﬁd ri ght bit
cell array 480. Véltdgercdnvgrters|coayprisesraicairespbndi u of N-

20 ol Toul Leat ST ot Wit o sar S et g LAY
Furthernore, corfespondin .&to.ea.c word”l'i'nei's’ a transistor correspondi ng
to transistor 93acorresponding:kiflinesa gentrphelegtrodafontragivingta biessi gnal s to

a sel ected word ylpgpd whdng séddmdPEReERRIERHASde 9&1%[51%d%r£k6ﬁe%}uﬁﬁgw des a
stream of pul ses, to sel ect .transjstors 932 and 9 .0 qgradual’ly deVel op a

032 4t
program vol t age BPutterpgal of sai pRlectriecaiit ViETeln paiddanolagk it he |
circuitry to conequdl toegproximpteds rareferiiet wolkage plus @vol N-dHadnel i ti cal
'speed path of th&\reﬁldldmde, there is no need to nmaxim ze the speed which
al | ows resnoias.

4. The memory of claim 1 wherein said select circuit comprises a
plurality of complementary metal-oxide-semiconductor (CMOS)
transmission gates, each having a first terminal coupled to a
second current electrode of a corresponding transistor of said select
circuit, first and second control electrodes coupled to said output
terminal of the column decoder, and a second terminal coupled to
said output terminal of said select circuit.

5. The memory of claim 1 wherein said array of memory cells
comprises an array of nonvolatile memory cells each having a
logic state thereof determined by charge stored on a floating gate.

6. The memory of claim 5 wherein each nonvolatile memory cell is
characterized as being an electrically erasable programmable
(EEPROM) memory cell.

7. A sense amplifier comprising:

a voltage comparator coupled to a first input, a second
input, and generating a data output of the sense
amplifier based on a value of the first input and the
second input;

a first input clamp coupled to the first input, wherein the
first input clamp ensures the first input to be at or
above a minimum voltage;
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pul se circuit 940 to gradually develop the -12 volts needed. In addition,
transi stors 932 and 934 may be nmade smaller. In the illustrated enbodi nent,
transistor 934 is small enough to fit within the pitch of the nenory cell.
Furthernore, this pulsing action allows the capacitors in the charge punp
whi ch generates or which functions as_gqgative program vol t age supply 930
to be nmade smaller as well. FIG 10 illustrates in schematic form
specific circuitry which nay be used to inplenent a portion of pulse

circuit 940 of FIG 9, ghiatigadfidl déWiks coirpled for ¥ fikst viageaefiFehés Y and ot her
circuitry may be used. FIG 10Q "al so.i Iﬁrtfrates translsgg)r 934 and a

P-channel transistor 1002.% r ang thedipst inpwy, yyherem the fissts; s¢or 934,
but drives a control gat esloadirgg deticeratiotwsithecfitst iepaihnhaivea firsainsi st or
934. Transistor 934 provi d%@ § (é?s%%efgﬁ e drive signal |abelled "CX",
whereas transistor 1002 pr \f g | nt control gate signal |abeled
"CGL". Being a speci fasedond lmading device sbuplesl tona secdrshyoltagg e i s not
necessarily a one to one REGRRZE] D F&g\ﬁl G 10 and
those of FIG 9. Flcgfélﬁlelgl ust}aela'tﬁgdﬁ@sgélﬁé 63&1?%?%r am and
partial schematic forma cHrsggopdigadi erdega lewg‘éﬁerss@@d Hepwiten| y
vol tages for control gate Hive/ghke€drid wite FQfsdarfé Wheh ilie seepddance with
t he present invention. Chayge purTB 1%2#3 i ncl u&es.a non-|inear stage 1130, a
ref erence vol tage gener atiﬁ@’%t‘%ﬁ up'eAoto 2 cANARCHVE SQUNCErs 1150 and 1160.
The vol tage reference generating circuit 1140 is connected to a first
vol t age refgrenc ] ¥DOD) S ence vol tage | abel ed
"Vz". VDD i§‘ a &%%%%$%é%ﬁr&%%§ﬂ%%tc§%eﬁﬁéﬁg nal having a nomi nal
val ue of 2.7 volts bua seeanshinpt dlamp eounled todgersemdxmpuw@rlwage 1130 is
connected to VDD, receiVvesg &bﬁaqﬁgy@lcl efdufddthe secofdlinpabed ed

' | abel ed

" PROGRAM ERASE CONTROL", aQ rodyces signals la leI e
e at or above a minimum voltage;

a third loading device coupled to the first voltage reference
terminal, and the second input, wherein the third
loading device allows the second input to have a
third rate of discharge;

a fourth loading device coupled to the second voltage
reference terminal, and the first input, wherein the
fourth loading device allows the first input to have a
fourth rate of discharge; and '

a switching device having a first state and a second state,
wherein during a first state, the first input clamp, the
first loading device, and the second loading device are
active, allowing a data value on the first input to be
read, and during a second state, the second input
clamp, the third loading device, and the fourth
loading device are active, allowing a data value on
the second input to be read.

9. The sense amplifier of claim 7 wherein the first rate of discharge is
less that the second rate of discharge.

10.  The sense amplifier of claim 7 wherein the conductive source is a
memory cell.
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-25 - "PROGRAM VOLTAGE 1", and signals labelled "[err]A", "[err]B",
“"[err]C', and "[err]D'. The linear stage 1150 receives the signals [err]C,
[err] D and PROGRAM VOLTAGE 1 and generates the an output signal | abeled
"ERASE VOLTAGE". The linear stage 1160 receives the signals [err]A and
[err] B and generates a signal |abel ed "JJROGRAM VOLTAGE 2". As specified in
FIG 3, the PROGRAM VOLTAGE 1 is approximately five volts, while PROGRAM
VOLTAGE 2 is approximately -12 volts and thus they are suitable to be used
to programthe EEPROM ceII of FIG 1. The ERASE VOLTACE is also set to

approxi mately 15.5 vo near s e 1130 [ es: a regqgul ated
vol t age doul}?[l ng €9 %Eomﬁﬁﬁﬁquﬁ%tangggﬁ“?&aéﬁpfﬂﬁ l'\/55 an i nput
| abel ed "Vz" for memery, cgnprising:age reference signal, and an output for

produci ng an out put V%Lﬁ@ﬁq §li 8 Qéfrgﬁﬁgéxﬁﬂggglcgn%&@efé %atcﬁgﬁaxylﬁ &yed at

the input; a voltage age connec ed to the
out put of stage 1132, an |mpt1t texminaljcoupled ftOra cmqsmndgngwmfage

reference signal, and an o Gi-Eh fommﬂugla}m A ﬁmeryzahh
approxi mat el y double the, v L recelvef b a voltage doubl i ng
stage 1136 having an 3P §%1§€F191be teﬁﬁ 1b'@‘f"“%g P4 an input

| abel ed "Vz" for receiving térﬂ:(ﬁiaﬂ@gﬁ Ieefafgﬁdeo mér,mml@!ﬂtaput for

duci i | PROGRAM VOLTAGE 1 A, B,
Perrie Mo S0 oy ot SPHsSDOTATE ne oF 85"525@3%%3@91% et oy
stage from produci ng an outveltagefcomverters; ancéntvel tevminaloforrreqeiviregl aby t he
PROGRAM VOLTAGE 1. In the Qbfﬁegg%%gmggﬁ%rﬁ@ta Iﬂﬁ_&ﬂg 6@&3{11;'9&&&3‘”‘ st age

receives the sane voltage re X
signals, and an output terminal coupled to a node;

a load element having a first terminal coupled to a power
supply voltage terminal, and a second terminal
coupled to said node;

a reference voltage generator having an output terminal for
providing a reference voltage; and

a voltage comparator having a first input terminal coupled
to said node, a second input terminal coupled to said
output terminal of said reference voltage generator,
and an output terminal for providing a data output
signal representative of a voltage stored in a selected
memory cell located at an intersection of a selected
word line and a bit line which is selected by said
corresponding one of said plurality of column select
signals.
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sane voltage Vz. In a different enbodi nent, different reference voltages
could be used for each stage. The regul ated vol tage doubling stage 1136
generates a series of driving signals having a voltage anplitude
approximately equal to the PROGRAM VOLTAGE 1. These driving signals are
used to provide timng and power to th% | i near stages 1150 and 1160.

The voltage reference generating CIrCUIt "1140 incl udes regul ated vol t age
doubl i ng stage 1142 connect ed to the regul ated vol tage doubling stage 1144.

The stage 1324 |§\ﬁ§é}ﬁg§}t@gn{ P g | i near stage 1146. Stage 1146 is
connected to a current shgntl ;‘Wi‘sggcatgade 1é?§q¢§\éhl ?92 I s connected
to a power supply vol A28 %é? ‘W @tin ngoh@r al |y has a
nom nal val ue of 0 v?)l ts wplwtality oﬁdePelm@m‘allﬂhrdIZ rbfbitllﬁesare sed in
-26 - VDD. The regul gt oubl in an

a non regul at ed faghl %nr%g" %éfi%eh ‘H‘Bgffla%é’“ﬁggnwal} OB BRASTENBHRIM] t age
plrow ded atI i :Sdl nagt as wddressxMam%ﬁputt%gtggdanhﬁﬁdige 11?ﬁe| Zrt
al so unregul ate wever,

t hat any one of the stages 122'@'%??%(1 ﬂ%%l%llg fead to %ﬁ%éﬁe
secondary regul ation in or@ £ paid plyralityrof ngbhaémwsmﬁﬁ@ﬁlﬁmwmerent
toit. It is understood thaldedssd6shdrbh caﬁéééacl@ﬁﬂerﬁééﬁcélplbcgfedv&'i'ous

rea Constraints of & orveR SIS HORY Iredd basiied o arcomesponding
one of said plurality of bit lines;

a plurality of current-to-voltage elements each having an
input terminal coupled to a corresponding one of said
plurality of bit lines, and an output terminal;

a select circuit having an input terminal for receiving a
column address, and coupling an output terminal of
one of the plurality of current-to-voltage elements to
a first data line, and isolating a second data line;

a sense amplifier for detecting a data from the first data line,
the sense amplifier comprising:

a voltage comparator coupled to the first data line, the
second data line, and generating a data output
based on a value of the first data line and the
second data line;

a second input clamp coupled to the second data line,
wherein the second input clamp ensures the
second data line to be at or above a minimum
voltage;

a second loading device coupled to the second data
line, wherein the second loading device allows
the second data line to have a second rate of
discharge; and

a first loading device coupled to the first data line,
wherein the first loading device allows the first
data line to have a first rate of discharge.



charge punp 1120, it is necessary for stages 1142, 1144, and 1146 to
gerierate a voltage Vz sufficient to bias the dlode 1148 such that it breaks
down, thereby producing the reference voltage Vz. Li near stages 1150
and 1160 are used to generate an ERASE VOLTAGE and a PROGRAM VOLTAGE 2
respectively. Stages 1150 and 1160 are 49 ckson type |inear charge punps
well known in the art. FIG 12 illustrates in partial block diagram
and partial schematic formvoltage doubling stage 1132. Note that voltage

doubling stage 1187atehingdeiréisiedd teﬁﬂ@lfé‘cdﬁ}ﬂe&ttb%fcdlﬂhﬁﬁsﬂe&@fﬂdmg stages
of FIG 11. Volta e doub n %t ge 1132 .|nclu %%Aors 1282 (Cl), 1292

(C2) and 1204 ( P Qavihg2 ﬂ aPXogTanL 93 1294,
1295, 1296 and 1Zﬁadej\lemmpﬂsingm5| stors 1287, 1297 and 1206, and | evel

shifter 1270. Capac” éilml?é"&l fﬂ&a%fﬁh?&%{%}pﬁﬁf’aase%SﬁHr{erﬁhfaqté"de

P-type tran5| stor 128 as a con ctrode fecei Vi ng
| abel ed "CK3", a first cur rfinst enplletinpys terminel Sorirecgiviagta rstdnmm

connected to the first el e don®ss sﬁnﬂamlat&@oga enaBfb &indinhlfE bul K
term nal connected to its first.c rent ele tr(i Transgét?gtrengM as a

control el ectrode connect edeCEVing aRFESERR;sigNAL whseinp &g
current electrode, a seconchacduﬁraran&b@airfd)t&nﬁﬁalsm@uésoaﬁ beatp mtr st
el ectrode of capacitor Ci1, and ariqlgk . ul k Ier aL cmnecﬂé{sm{f t he
bulk terninal of transistor® 4‘%3@ §’lr§'t1 Al %ol
el ectrode connected t@ f(a'cmg/elrwmhgnatg habnputit@m,nahfcbn rexeiving raent

el ectrode connected to the &e&a%@‘dﬁ%&%&{ at Eél%ng.t C&@ggl@tﬁq 84%84 ‘a

second current el ectrode conne ecelv
“V[err]", and an N-bul k terQﬁmﬁsaéérfkrétmse@nmtermeﬂsw tsaidrbalanced P-type

transistor 1283. P-t ype tr alafdhslfélfdﬁe A391ta é%ﬂtsfa‘i’d aﬂ&%% bﬁg%f%ﬂﬂﬁem ed
to receive a signal | abel edﬂCKS a cu,rr? eg%tli ected to the
second current rst and secon terminals of sai anced th to
force said balanced latch to a predetermined state
corresponding to said data signal during the program

mode; and

a program driver circuit having an input terminal coupled
to said first terminal of said balanced latch, and an
output terminal coupled to the column select circuit,
said program driver circuit active during the program
mode,

whereby the latching circuit uses said balanced latch in both
the read mode and the program mode.
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-27- electrode of transistor 1285, a second current el ectrode connected to
t he second el ectrode of Cl, and an N-bulk term nal connected to receive

i nput voltage VIN. Transistor 1287 has a control el ectrode connected to
receive a signal labeled CK1, a first current electrode connected to the
second current el ectrode of transi st or_ 4186, and a second current el ectrode
connected to a first voltage reference termnal. Transistor 1294 has a
control electrode connected to receive a signal |abeled CK8, a first

current el ectr odeMEMORY SUITABLE FOR SPERATEON ATSCOWPOWER ' ansi st or
1284, a second c I 0 b 1 nal_connected to the
N- bul k term nal L%ﬁﬁ-?%@ﬁ/%ﬁ@?ﬁﬁﬁ %gh%}bgfﬂ MY r%ggp 1295 has a
control electrode connected to the control el ectrode of transistor 1286, a
first current el ectrode connecte tp ggc g; :;rrent el ectrode of

transi stor 1294, a second curren%ﬁ raict Of Hie Discldolr d to receive V|err],
and an N-bul k term nal connected to the N-bulk termi nal of transistor 1283.

P-type transistora %ﬁoﬂi‘g‘l@) qﬁa]ilia@g a&leRcd ﬁﬁqﬁ‘ffé}&gg@t dfeail%e(ra]ln;é‘}g@econt rol

el ectrode of transistor 85, a d to the

rst rrent el e
second cur r SHreRtEealiggesonvestets gﬁ@r %i@wn%cﬁ@c%m@ﬁpl%hif lineset r ode,
andt anI N- b:JIvkithentdmﬁ{om@ﬁmigﬁE ssurce (548)dfoyming Hl- chf&&Fﬂeﬁ%f}Eé?a?\ﬁ Hast a
control -e nected tg re e a sjgnal, | ahel e . a s
current el e%ﬁ ﬁ}ﬁgﬁéﬁﬁﬂgg 'é‘amPBr?tHE(@@ém@ Cel}’a?"érﬂeceaﬁﬁgﬁﬁélrS‘Fltt(&ia%)si st or
1296, and a whichrselects oneof ¢he multigde bitrlivest isdnterpbbeal betvsdervthd age
reference t ] . i e 0 . second
current el eS’El?}o etgf tragﬁzﬁogy%%%@?’ g%% %ﬁisggg'ﬁéﬁieﬁggﬁé)(l)%g&@%nnect ed to
t he second €QmpaTatar(@3Q) odhexdistribiion ob the componentssofsthersense3 has a

contr ol amplifier (500) allows operation at low power supply voltages. The sense
amplifier (500) uses a clamp and a loading device to establish a first
discharge rate on a reference input of the latching comparator (530). The
state of the selected memory cell establishes a second discharge rate on
another input of the latching comparator (530), which is greater or less
than the first discharge rate depending on the state of the memory cell.

Portions of the comparator (530) also double as latches during a program
mode.

Figure 5 accompanies this abstract.



node connected to receive a clock signal |abeled CK4, a first current
el'ectrode connected to the first current el ectrode of transistor 1283, a
second current el ectrode connected to the first electrode of C2, and an N
bulk term nal connected to the N-bulk term nal of transistor 1283.

Transi stor 1202 has a control electrode connected to the first voltage
reference- termnal, a first current el ectrode connected to the first
current electrode of transistor 1283, a gggond current el ectrode connected
to the first current electrode of transistor 1294, and an N-bul k term nal
connected to the N-bulk term nal of transistor 1283. Capacitor C3 has a
first electrode connected to the second current el ectrode of transistor
1202 and providing a signal | abeDRAIN " UNREBRAIN'ED ODRAIN vOLTARRAIN her eon,
and a second el ectrode connected ({4)t he fi(§ﬁ?voltagd3ﬁéferenc437)

-28 - termnal. Transistor 1206 S a contr, el ectrqgle connectgd to
receive the voltage Verr], a firsf current plectrode fponnected jo the
first electrode of C3, and aﬁﬂkﬁﬁ | ectrode for provid

out put | abell ed "REGULATED QUTP hi f 0

to the first current electrode of
[err]1-[err] ¢ONIROLPCATECHD1) ho—p
I n operation, the voltage refereh
voltage Vz to each of the voltagL

the non- | i ISOLATIONe GATD. (18) ree

L
SOURCE (12)

-~ rt===19
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reference, only a mnimal anount of charge needs to be provided by the
circuit 1140. The non-linear stage 1130 provi des the PROGRAM VOLTACGE 1, and
t herefore, provides the charge needed by an external |oad (not shown). By
usi ng non-linear stages, first stage capacitors having thinner dielectric
| ayers can be formed on sem conductor devices because of the significantly
| oner voltages at these first stages. Thinner dielectrics allow for
capaci tors having hi gher capacitance, as2/#d | be described with reference
to FIG 14 below. This allows for a charge punp using | ess sem conduct or
ar ea. FIG 13 illustrates a timng diagram of signals useful in
under st andi ng the operat}] doubling o 1132 of FIG 12. FIG
12 illustrates the timnpg rel atiorsr&'p of sijgnal 4§ 01- @4 and CK1- CK8 whi ch
control the operation o | at eq wal age qoubl ilng stjage 1132 of FIG 12.
Now considering FIG 13}in cgnj un(tién w®h |FI. |12 dach clock signal is
ei ther active or inactiye dujing a s::peqific tinme} or gortion, of the clock
cycle. Portions of the ¢l ockjc g—aretH-efereneced—as—Hl, t2, t3, and t4.
gtljla t?é CH4 is|actiye o during t1l. CK6 is
&

He Low durifngypdriod t1. CK2 is
£35S jasPi ye 1o

active high during peri
(7 i s|adi J&SIBW durijng per-ico’d 3. Note, the arrows

active low during t3.

of FIG 13 indicate when an edg d&eurq at 4 subdtantifally simlar tine
during t2 or t4, but acfually | QW anoyner gdge qccurring at the sane
substantial tinme. For ejanpl ¢, éhe %isi ng edge off CKAfin tinme t2 occurs
after the rising edge off CK6 dmnir&tmre t2) Thig, ingeffect, guarantees
that the transistor contjrol | ¢d gy G::Fasotra@itio:ae prior to the CK4
signal being terned inactia;e. 1 @d_deZ trlansitji on gctive | ow at. the end
of tines t2 and t4 respec'ru-velz,"'_. 'Ifh|_1;5I tifjm ng Jjof FI|G 13 al |l ows
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-29 -, the capacitors 1282 and 1292 to be alternately charged by the input
signal while providing the REGIATED OQUTPUT VOLTAGE t hrough transi stor

1206. During t1, once a steady state condition has been obtained, the
capacitor Cl is charged, while capacitor C2 is being discharged. The
charging of capacitor Cl is facilitated because transistors 1285 and 1287
are driven active, while transistors 1284, 1286 and 1283 are driven

i nactive. This connects capacitor Cl betsggn Vlerr] and the first voltage
reference, while isolating the capacitor ClL fromthe remai nder of the

circuit 1132. As a result, charge flows into Cl until it is charged to the
vol tage V[err], or the cycle ends. During t3, the capacitor C2 is charged
inasimlar manner to V[err]. HIOKH iVOLTAGEC2 is generating the
doubl ed v a4 ecessary to produce PRE-DECODELATED OQUTPUT VOLTAGE. This
s facilit'dte WUORD ansi stors 1293, 129/ and 1294 being driven active,
while transi¥ Y 1297 1295 1284 12.. gre driven inactive. This connects
C2 betwee ' : A nal
i sol ating]|t hg er ( 1ﬁRGEThe
vol tage pfod ceWORD t]j[éc(jDE st ggpec /ol q?b 4
represent 9 gulate S— Vol tage
across C2 d V[err] As dlscussed previ ously the voltade across 'S
appr oxi ma W aRH—t-ret-efar e VO|-t—a“° ‘A ce—Qf doithl ed
Vierr]. T unréguig& but put voltage i SANegulfat 4d by transistor 1206
which is 'gﬁfd by 1muicé2 Mhb H | §EessemtTat}l y Jconstant, to provide thg
REGULATED| | - = T—t_'-J'--_"/
I [ | " L
L : Ail1a| | SENSE
1 YL s1NEEs P% AMP :
RAUIEIVIR S — BIT CELL
:ljl ATTETUL B | 2 ARRAY
'Y | 'K 480
< o P I g I 4
L—‘———-l-———‘r-.l
BIT CELL SA2
SG ARRAY SG,
40 SA1
LOW VOLTAGE LOW VOLTAGE
WORD DECODE 420 WORD DECODE 460
CONTROL AND
PRE-DECODE 410
ADDRESS/CONTROL DATA

400

FIG.4



OUTPUT VOLTAGE. During t3, the capacitor Cl is connected between VIN and
the output termnal in a simlar nmanner. During tine t2, in order to
prevent charge frombeing injected at the el ectrode comopn to transistors
1286 and 1287, it is necessary to hold transistor 1287 in an active state.
This ensures that the electrode is held at ground, thereby ensuring that
the drain-to-substrate junction represented by the electrode is not forward
bi ased. For exanple, by ensuring transi gf¢s 1284, 1285 and 1286 have fully
transitioned before turning transistor 1287 inactive, the possibijity for

forward bias of sy , philgy® ansi stors
1294, 1295, and 12396 are gpsgtlonunq durlng tlne t4, i E§ a§§u¥ed t hat
transi stor 1297 id OQpqs e R~ & hel d
active to a id the sane E@c sﬁ%n ﬁﬁe od nto thafSi s&®8 1296 and
1297. ilstors gl 5Cané® 802 have a
common N-bu §§gm nal . The ulk ter al in a n with o
enbodi nent g% i nvept i ' 2ZHis wel | is charged
to the UNRE LAT = 2 TACE t ransi ptoks 1283 and 1293, which
are active during jt omesjt|3 | : transi stor 1202 is a
weak transistor ugeg. n t vpl t age es ot rise
significantly abo eﬂgE} E Eghere for |ong
peri ods of time. or-l%xa —~Oon start up_ or dczu)
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when ‘an output load is applied to the output of the charge punp, a
situation may exist where the N-well gets charged to a voltage
significantly above the UNREGULATED OQUTPUT VOLTACGE. Such a voltage
differential causes MOS transistors to becone | ess conductive than
otherwi se. |If sustained, such a-condition would reduce the overall output
~of the punp. Therefor transistor 1202 ensures that any voltage differenti al
is nerely transient in nature. By drivingsffge N-Bul k to the UNREGULATED
QUTPUT VOLTAGE, and not letting it charge and discharge with every cycle,

efficiency is gained since no charge is | ost due NBcapaC|t|ve parasitics
associated with the well. Duging tine t2 ang , is possible for
there to be a period offftine thbﬁ‘ a |t|oneg”gqg_gﬁ; has not
transitioned. During tHis tine, i } gr the RE IED QuTPUT

VOLTAGE to receive its]voltage fror 1l or C2 erefore
the capacitor C3 i s nedqded i f
time, and supplies any charégcgg%g
t4. Generally, the capqcitor C3 wil be'nuc S
and C2, as the tinme refresented I nu%h.
provi des the needed voljt age duri ng tlne . f &270
receives the signals 0] through 04 |as rqpr §ented Y fI‘
represents an active sijgnal during|time, t1. L3 anerQve
signal duri é ijod t2. Signgl 03 represe an active period during
time t3. SI%WI%E&X esents an ac_tlve|5| gr|1al duri ng time t4. These
signals are

5ﬁﬁfqer 1270 during t2 and
IIerlthat the capacitors Cl
&JthL_AMWSE 3

generate tle appropniate actlve Si %&gt and
i nactive signals for CPl through CH8. CH1 and CK2 haye >aA ive | ow
vol tage of zero or grOLnd(cﬁﬁﬂEﬁ%)aCtive . »—950/570 CURRENT

| I !
e I | I
[ I
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-31 -
whet her
whet her

active or
active or

i nact
i nact

ive,
ive,

equal
i s equal

hi gh vol tage reference of VDD. CK3 through CK8 have | ow signals
to zero or ground, while the high state,

to the UNREGULATED OUTPUT VOLTACE
whi ch appears at the first electrode of capacitor C3.

In addition, the CK1l

and CK2 are generated by conbining signals 01 and 02 and signals 03 and 04

respectively. As

such,

t he | evel

shifter applies the appropriate voltage

| evel s needed to drive the stages w thigge charge punp 1120 in FIG 11.

Referring back to FIG 11,

nal s,

05 and 06,

stages 1142 and 1144 are inplenented using the
regul ated vol tage doubling stage circuit 1132 of FIG 12. However,
bl ock 1144 is shown to drive two si

t he
to drive the D ckson

type stage 1146. PBecausp of the req@ | f the Dickson stage 1146, the
signal s 05 and 06} nust pe substanti to the bias or output voltage
of stage 1144. Wih t f¥F condition ckson stage 1146, which has
three internal stageség:an provi de an ol tage as nmuch as four tines
its input voltagel but [n ¢ case, i to the breakdown vol t age of
t he di ode 1148. Sjagegs 1132, 11 136, of the nonlinear stage
1130 use the regu|ated yol®age doubling sfage circuit 1132 of FIG 12. In
each of these casgs, the regul ati ng-vet+ we-tqnts the voltage generated
by any stage to f{ve vojts. The 4i hal stage of the nonlinear stage 1130
provi des the addi{ional Jphase @jgna% ~J[edr]B, [err]C, and [err]D.
These signals are|generfted fr the\gi rgyit (132 by using two N and P
transi stor pairs {not shown) Geﬁﬁetteilgg ep tlhe REGULATED OUTPUT VOLTAGE
node, and ground. | The t{§m ng i§§ohtr D Im%ﬁy th% timng signals in FIG
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VWhich pair of the N and P transistors is selected is actually controlled by
t he PROGRAM ERASE CONTROL signal. The selected N and P transistor pair wll
generate the conplinentary output signal needed to allow the Dickson type
charge punps 1150 and 1160 to operate. It should be noted that the
operation of stage 1150 and stage 1160 are nutual |y exclusive of each other
in that only one stage will be driven at any given tine. In order to
estimte the capacitor valueg for Cl anfiflg2 for each of the regul ated

vol tage gQublirRg stages 113253 1134, 1136, 1142, and 1148, the follow n
equationg can be_used._ _ _ _ N - -32 -
Equat i onpy = t/ Freq; Equaﬁ-—i on 2: V(n) 5 VDD * ( e )
** (n/ Ny et A3 M ——2 1) M- on ¥:
o(n) = GHf (g [ (e = T oy EOLEEE PRl 52N
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N is the nunber of stages in the charge punp; lout is

t‘he desired output current; Vout is the desired output
vol t age; eff is the efficiency of the circuit;
Freq is the frequency the charge punp is switching at Equation 1

I ndi cates the anobunt of charge avail able at the charge punp output.
Equation 2 indicates the voltage at the output of a given stage n, if
stages are sized to produced uniform st &#4to stage voltage gain. Equation
3 is the change in voltage across the capacitors of a given stage and
during a punp cycle, which includes the charge and di scharge of a capacitor
such as Cl1 or C2. Equation 4 is the total capacitance of a given stage and
of a charge punp expressed in picofarads. The value C(n) is the sum of
capaci tance of Cl and C2. Cenerally, Cl and C2 will be substantially
simlar. For exanple, for a VDD of 1.8 volts, and a three stage charge
punp, requiring an output current of 1 m croanp, and a required output
voltage of 4.5 volts, with a clock signal of 1 nmegahertz, and a circuit

ef ficiency & 98% a capacitor val ue f@ the first stage of 3.7 picofarads
per microanmof an output current. Sta¢gd two would have a capacitor

requi renent Df 1.9 picofarads per mcréanp of outputfcurrent, while stage 3

woul d have af capdsitor requirenment of .p picofarads per m croanp of out pt
mﬂmm.ImemM¢mt%4m%@um4j N T T .
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-33 - The sel ected capacitance val ues as descri bed above shows the
advant age of using a nonlinear charge punp of the present invention. The
capacitor of stage 1 is significantly larger than the capacitors required
in either stage 2 or stage 3 conbined. This relationship is indicated in
FIG 14, which illustrates, in graphical form the capacitance associ ated
with each stage of charge punp 1120 of FIG 11. The advantage is that the
operating voltage of the first stage isgignificantly |ower than that of
the second and the third stages, thereby allowing a thinner dielectric

| ayer to be used in the formati on of capacitor Cl. For exanple, in one
enbodi nent of the invention, the dielect¢ycyayer of capacitor CL can be
t he sanme thickness as the tunnel oxide tric used in the bit cell.
This allows the formation of the capacitggo, ing a much small er surface
area than one using a thick filmdielect&dT jas required in the stages C
and C3 because of the |arger voltages as®ocifated with them Wil e the
present invention has been described ijn thg con of a preferred

enbodi ment, it will be apparent to thgse ggilleEQ? the art that the
present invention may be nodified in nunereusfays] and may assune many
enbodi nents ot her than that specifical|y TE= Qi d described above. For
exanpl e, other voltage | evels may be sed=réa ogrpm t he nenory cell, or
di fferent nunbers of control gates coyld t® cgntrgled with the control
circuitry. Accordingly, it is intende by&ﬂhe appended clainms to cover al
modi fi cati ons of the invention which flall i thin the true spirit and scope

of the invention.
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- 34- Cl ai s 1. A
conbi ned colum select circuit and sense anplifier for a nenory,

conprising: 5 a plurality of current-to-voltage converters each
havi ng an i nput term nal coupled to a corresponding one of a plurality
of bit lines, and an out put termnal; a plurality of

sel ection el enents each having an input term nal coupl ed to said output

term nal of a corresponding one of saidigiig4rality of 10
current-to-vol tage converters, a control termnal for receiving a
correspondi ng one of a pd:urality of colum sel ect signals, and an out put:

termnal coupled to a go Y a |load el enent having a first
term nal coupled to a Ebmer Q’Uppl y voltage termnal, and a second
termnal coupled to saxthode: 15 a reference vol tage generator
having an output term ggﬁ'%ovi di ng a reference voltage; and

a vol tage conparator hiy S?.E_r\s\ i nput termnal coupled to said
node, a second i nput tgm naﬁg coupled to said output term nal of said
reference vol tage gene Sand an output terminal for providing=a data 20

out put signal repr entggven—of a voltage stored in a selected ry cell

| ocated atShn intggr'secti Bn of a selected word line and a bit line |CE|S

sel ect ed b¥ sal rrespondi ng one of said plurality of colum seleMt Bz

si gnal s. ) | ' ' e

anplifier clai mj1
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25 - wherein each of said plurality of current-to-voltage converters

conpri ses an N-channel MOS transistor having a first current el ectrode
coupled to said correspondi ng one of said plurality of bit lines, a
gate for receiving a reference vol tage, and a second current el ectrode
coupled to said input termnal of said correspondi ng one of said
plurality of selection elenents. 30 3. The conbi ned col um
select circuit and sense anplifier of ciffi4n 1 wherei n each of said
plurality of selection elenments conprises a conpl enment ary
nmet al - oxi de- sem conduct or ( CMOS) transn155|on gate. 35 4. A nmenory
conpri si ng: =" N. 35 -
an array of nenory cells |ocated at KnEgrSGCtIOHS of ggpluraﬁ%gg of word
lines and a plurality of bit lines; %< a ro coder &6 ing an
input terminal for receiving a row ad@fgss, outp Hermna
coupled to said plurality of word |ime sai d rOM/SLUCaecode Iecting one
of said plurality of word lines in resfonse to said rgfw ress;
a plurality of current-to-voltage condgrters each hav] ng an i nput
<
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term nal coupled to a corresponding one of said plurality of bit lines, and

an output termnal; 10 a colum decoder having an i nput
termnal for receiving a colum address, and an output term nal for
providing a plurality of columm sel ect si gnal s; a
plurality of selection elenments each having an input term nal coupl ed

to said output termnal of a corresponding one of said plurality of 15
current-to-voltage converters, a controf28grm nal for receiving a
correspondi ng one of said plurality of colum select signals, and an out put

term nal coupled to a node; a load el enent having a first
termnal coupled to a power supply vol tage termnal, and a second
term nal coupled to said node; 20 add ref erence voltage gener at or

having an output term ngl for providing QW a reference vol t age; and

a vol tage conparator hapipg first |nputEEEEylnal coupled to said

node, a second i nput tekaﬁﬁ coupled to aﬂE:output termnal of said

ref erence vol tage gener@hbt!5and an outp ﬁSEJninaI E&r provi ding a data 25
out put signal represent /& of a voltagk;8 & ed in g selected menory cel

| ocated at an intersectpron of ggid one szjfid pl uraty of word |ines and

a bit line selected sapd cgjrespon ng one of} said plurality of
col umm sel ect signald. 3¢50 5. ITh m 4 wherein
each of said plurality of curréﬂ - lvoljt age el enen onprises an

N-channel MOSigiran aV|n ?%Ejrst |

sai d correspoﬂflng one Pality ofl bi
receiving a reference 80I t._QL Qnd a second cyrrent >e
to said input. derni nalNof sag‘._d correspondl ng dne of ‘j‘pgd pl

sel ecton el ements. <
JE:F> R

N

S

—

urrent E%ec_‘ e coupled to
=i nes, gate for
coupl ed
ality of 35
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- 36- 6. The nenory of claim4 wherein each of said plurality
of sel ection el ements conprises a P-channel MOS transistor having a
first current el ectrode coupled to said output term nal of said
correspondi ng one of said 5 plurality of current-to-voltage converters, a
gate for receiving said cor- respondi ng one of said plurality of
colum select signals, and a second current electrode coupled to said
node. 7. In a menory conpri I8¢ an array of nmenory cells

| ocated at 10 intersections of a plurality of select lines and a plurality
of bit lines, a row decode‘@aving an ,i,nput for ,eceiving r ow
address, and an output fer ctivatin&zone of aisfurality 1 sel ect

In i (for receiving ajcol ym
activating at|l east one of a Iplugality of
ment wherein {he nory further 1% conprises:

ol tage convertersjeach having an iinput

espondi ng one ¢ i i i

| i nes, a col unm decoder
address, and an ou t f
sel ect signals, the&inpr
a plurality of current-to-
term nal coupled to a cqg

i nes,

such t hat eacngf idplurality of (pitjlines is coupled tolone of
said plurality of cuywent -t o-vol t copverters and an out put
termnal; 20 a se¥ect circult (ng a plurality of Ii nput
term nals coupl ed <&ij |// | L1
l I I I
CKE | | | I
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correspondi ng output termnals of said plurality of current-to-voltage
converters, a plurality of control input termnals coupled to said output
term nal of said columm decoder, and an output term nal; a

| oadi ng device having a first term nal coupled to a power supply 25
voltage termnal, and a second termnals coupled to said output term nal of

said select circuit; and a vol tage conparator having a first

i nput termnal coupled to said out pid/I£4ermi nal of said select circuit,
a second input termnal for receiving a reference signal, and an
output termnal for providing a data out signal 30 representative of a

| ogic state of a selected ,nenory cell. 8. The nmenory of claim
7 wherein said | oadi ng devli ce co rises a "~ current source.

- 37- 9. The mory of \cljaim7 wherein each of said plurality of
current-to- vol tage cgnverters\conprises a netal - oxi de-semni conduct or
(MOXS) transistor having a first\current el ecrode coupled to a

corresponding bit line, algate for
second current el ectrode cloupled to ja
said select circuit. I

receiving a reference voltage, and a
correspondi ng i nput term nal of

STAGE 1

STAGE 2

STAGE 3

FI1G. 74



10— The nmenory of claim9 wherein said select circuit conpri ses"ﬁg%grL oé
plurality of conplementary MOS (CMOS) transmi ssion gates, each H&¥icngrk
first termn second current el ectrode of a correspondi ng one
of 10 the pl ufEP} MENT cgHpEent - t o- volf age cdn er-ei-n-each

transm ssi onjgate ' pl ed to one of thE, u.F.: N3t SHEETS  sG
current-to-vpl aqazmﬁéer ransi st or of E/Bséf‘ﬁt‘%'éfEitaedc.i.rmupagedt,imrs
and second cpnfro 98dels Jcoupl ed to sai (L)lg taes) :P&ged&ﬂimlp;@fed.'_“
col uim decoder ;ane—a—second tler m nal ceoBpte eg “SHIRB(S) : pagedit.pub agei Nal
of said selegct circuit. 15 11. TheHmbiegt of : miged m.Fo I

said array of menory ctetts—! conpri fiSnN| array of nonvol atil e nory
cells each having a logic state t iier eof | dBATENDREREORIER Dééls?ored on
a floating gate. 20 12. The nmenory of clarm IT wereri—asihe::

nonvol atile menofy AC&hhbired colunf'sdIa6! @FdiAEEndSehsd Rplifice |f6E hlmealdry, |
er asabl e progrannpbl e (EEPROV) nmenory cell. 13. The

menory of NN Biherein array of nenory cells is.further 25

chalr afc_t &rized asa paiadity of |c&$ﬁrEEBR@Ma?U®ﬂverters each havingldn iﬂfgnbnsfe_ t
anmplifier conptislng: VO 0 irs
Taput, o RO (Ypled, fya correspafialiy bAEBE SIRRBYTYS 1 REE briCad
anplifier bastpaitcterminal; ue of the fi rst 30 input and the second input;

a first input cl @ﬂ’u{agﬂ?!og%e%&%ibﬂeel&r{eﬁis b havi\f{‘geéﬁ;ﬁ’ﬁﬁhf’erfﬂiﬁﬁt i nput

cl anp ensures th Irsi”inpu 0.b t or above,ka m ni qum voltage;
a first | og@ﬂqﬁegéQiSé . eemﬂtéermmai O? iar‘.iﬁrr%ﬁﬂopléé%g PBE éﬁ%P{’@Eﬂ%ﬁf , and
the firgg lé\ﬁlfént-’eﬁl%ﬁa% tbRvértés) al oaticl detinitial fofrb@igingh® first input to
have 35 a first rate of di schflrgie' apd .
corrésponding one of a plurality of column select signals, and an output
terminal coupled to a node;
a load element having a first terminal coupled to a power supply

voltage terminal, and a second terminal coupled to said node;

(o

15 a reference voltage generator having an output terminal for providing

a reference voltage; and
a voltage comparator having a first input terminal coupled to said

node, a second input terminal coupled to said output terminal of said
reference voltage generator, and an output terminal for providing a data

20 output signal representative of a voltage stored in a selected memory cell
located at an intersection of a selected word line and a bit line whichis
selected by said corresponding one of said plurality of column select signals.

2. The combined column select circuit and sense amplifier of claim 1
25  wherein each of said plurality of current-to-voltage converters comprises an
N-channel MOS transistor having a first current electrode coupled to said
corresponding one of said plurality of bit lines, a gate for receiving a reference
voltage, and a second current electrode coupled to said input terminal of said
corresponding one of said plurality of selection elements.

30
3. The combined column select circuit and sense amplifier of claim 1
wherein each of said plurality of selection elements c’:)mprises a
complementary metal-oxide-semiconductor (CMOS) transmission gate.
35 4. A memory comprising:
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-38 - a second Iﬂindl ng devi ce coupl ed to a second voltage
reference tet ng tthe second i nput, wherein the second | oadi ng
devi ce al |l ows bEﬁgA EfMErM i nput to have a second rate of discharge when

the second ihplut is coupledltad a conductive source. 5 15.
The sense anpl | fiGe2 JUN @98i mh 14, wherein the first rate of di schar ge
Is |l ess that {the second _ratei of discharge. 16. The sense

anplifier of lclTarm 14 wherein {he conductive source is a 10 nenory cell.
17. The sensd anplifier—of—etat m 14 wherd5A t he first Ioading devi ce
and the second | oading device are current sources. 18. The sense

anplifier of clajim, yfdfrrﬁg'ﬁbv\i%ﬁé lo%h%g:l at intersections of ofaa E’% PRYGrdC! anp

coupled to the secon ereint ensur es
t he second WLRHQBHJEIQJIW& biblves;a ni ni num vol t age; a third

| oadi ng devi ce Gpppwedbdodet Ravirg &b iNPht RIMINET RIrFRe@AvIEY HrbW address,
and an output terminal coupled to said plurality of word lines, said row

5  decoder selecting one of said plurality of word lines in response to said row
address;

a plurality of current-to-voltage converters each having an input
terminal coupled to a corresponding one of said plurality of bit lines, and an
output terr_ninal;

10 a column decoder having an input terminal for receiving a column
address, and an output terminal for providing a plurality of column select
signals;

a plurality of selection elements each having an input terminal
coupled to said output terminal of a corresponding one of said plurality of

15  current-to-voltage converters, a control terminal for receiving a
corresponding one of said plurality of column select signals, and an output
terminal coupled to a node; -

a load element having a first terminal coupled to a power supply
voltage terminal, and a second terminal coupled to said node;

20 a reference voltage generator having an output terminal for providing
a reference voltage; and

a voltage comparator having a first input terminal coupled to said
node, a second input terminal coupled to said output terminal of said
reference voltage generator, and an output terminal for providing a data

25 output signal representative of a voltage stored in a selected memory cell
located at an intersection of said one of said plurality of word lines and a bit

line selected by said corresponding one of said plurality of column select
signals.

30 5. The memory of claim 4 wherein each of said plurality of current-to-
voltage elements comprises an N-channel MOS transistor having a first
current electrode coupled to said corresponding one of said plurality of bit
lines, a gate for receiving a reference voltage, and a second current electrode

coupled to said input terminal of said corresponding one of said plurality of
35 selecton elements.
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and the second input, wherein the third | oading device allows the second 20
I nput to have a third rate of discharge; a fourth | oading

devi ce couptetd—to—tte ¥t vol t age reference termnal, and the first
i nput, whe &WLAWE‘WUF%ﬁ?cadi ng device allows the first input to
have a foufth rate of disghgrge; and a switching device having
a first sthtpe nd state, wherein the 25 switching device is
coupled to t"le%]"?‘?r‘lgtNSngut gl anp, the first |oading device, and the
second | oalli re—device—toal |jow a data v&dare on the first input to be

read during the first state,l and the switching device is coupled to the
second —1nput clanp, the third | oadi ng device, and the fourth | oading
device to all ow a data value on the second jnput to _be read during the
first state. 306. The memory ebclaimet wiheseingach; of; said plukalify of sglectipnr ei n
the first rleddmeRls &riphigéds P-chanied MESStrhngibidriiviRg anfirstaueredit di schar ge,
and the third rzge of ~.di schar&;e tps | ess, thd”:tn t he fodlrth ratfe octi

di schar ge. © ectrode coupled to said output terminal of said corresponding one of sai
REPLACESENDIGHERY dfccurrent-to-voltage converters, a gate for receiving said cor- -39

dfgschleing%esgpganarﬁBHﬂtg,e({f Bt g 5id ™ bhGrdd TSt rate

current electrode coupled to said node.

of di schar

7. In a memory comprising an array of memory cells located at

10 intersections of a plurality of select lines and a plurality of bit lines, a row
decode having an input for receiving a row address, and an output for
activating one of a plurality of select lines, a column decoder having an input
for receiving a column address, and an output for activating at least one of a
plurality of select signals, the improvement wherein the memory further .

15 comprises:

a plurality of current-to-voltage converters each having an input
terminal coupled to a corresponding one of said plurality of bit lines, such
that each of said plurality of bit lines is coupled to one of said plurality of
current-to-voltage converters and an output terminal;

20 a select circuit having a plurality of input terminals coupled
corresponding output terminals of said plurality of current-to-voltage
converters, a plurality of control input terminals coupled to said output
terminal of said column decoder, and an output terminal;

a loading device having a first terminal coupled to a power supply

25 voltage terminal, and a second terminals coupled to said output terminal of

“said select circuit; and

a voltage comparator having a first input terminal coupled to said
output terminal of said select circuit, a second input terminal for receiving a
reference signal, and an output terminal for providing a data out signal

30 representative of a logic state of a selected memory cell.

8. The memory of claim 7 wherein said loading device comprises a
current source.

Iy gy



and the third L&L@wﬁ#-dkschqﬁ%e'are substantially simlar, and the second
rate of d §ﬁﬁ&ﬁ@@ﬁﬂﬂdshﬁ flourth rate of discharge are substantially
simlar. 5 e anplifier of claim 18, further conprising
a current-to- rter having a current node coupled to a
menory cell, a hode coupled to the second input for
indicating a ¢ menory cell. 10 22. The
sense anplified of claim?21 further conprising a select circuit

coupl ed bet wee mEcurrent-to-vol tage-88nverter and the second input, the
select circuit for receiving an address for electrically coupling the

oo ey o ﬂ“ﬁ BHIGY of ai¥iY B BUEK E’Séaf‘pgtdgrﬁgapép Barrehfag. Lo
2t T e Bonorishs, comprises 2 spRtalOK SR IEoRABator QUGS HRRSSEE: put

a first SV\hﬁﬂh bal ﬁrdtamdreiﬁ\elmodeuph tedbtet atveeﬁeéﬁsmdmgtbﬁhha 8 fand a
i

first voltg r hav N
second swii %\%‘% SaGEabE LB ile 8B S E b Retlbiecds
a secorf voomrespondihgrisput tersnimahof saidngelectwiragitan enabl e i nput ;
a third switchable | oad device coupl ed between the right data input and
a first voltage reference termnal, and havin an enabl e i nput;

a fourth swit chi®l Jhesnemesyicfelaiy g ehersin quicymcqmpassemut 25
and a sec _o]pﬁmau afeofrpflementay tMUB (@MO mdamﬁis@ﬁ)raga@@,aé&&x havivg; a
a first mpimuumbia ele%fﬁﬁcou ?pg\é\)? { %gﬁ datalncPut and
first vol t B PHPRLES second, qurrenF plpctrode it CORPTRERdINGRIERh ( ne
first 10ni mmhtyeloélmmteIEﬁewcdtam d¢oraertens whereimeadi tmgsmissiohgdtef t
data i nput ;4 | ed
bet ween t he Fi gh@ ga i n o?ﬂ}e plurahgr gf E&%QHPF&B*t?gé”CB é&es nceﬂélg@?nﬁal
and havi ngs@id @l@gfncgcg;tg fm‘.’,t anghsgcend control electrodes coupled to said output
terminal of the column decoder, and a second terminal coupled to said
output terminal of said select circuit.

q3nd

15
11. The memory of claim 7 wherein said array of memory cells
comprises an array of nonvolatile memory cells each having a logic state
thereof determined by charge stored on a floating gate.
20 12. The memory of claim 11 wherein each nonvolatile memory cell is

characterized as being an electrically erasable programmable (EEPROM)
memory cell.

13. The memory of claim 12 wherein array of memory cells is further
25 characterized as being a flash EEPROM array.

14. A sense amplifier comprising:

a voltage comparator coupled to a first input, a second input, and
generating a data output of the sense amplifier based on a value of the first

30 input and the second input;

a first input clamp coupled to the first input, wherein the first input
clamp ensures the first input to be at or above a minimum voltage;

a first loading device coupled to a first voltage reference terminal, and
the first mput wherein the first loading device allows the first mput to have

\\\\\\\\\\\\\\\\\\\ \\\\\ \\\\\\



t he second m ni num bi as _ ensures at |east the m ninum voltage on
the left data |@ thgm@%l:ﬂed a |l eft decode logic portion

having a plur el inputs for 35 receiving a plurality of
data line inp t Si nals T@ﬁ%a dfess input, and a data
-40 - | i{n  the address input, is for receiving an

addr ess si gnal uch ofie of the plurality of data |ine input
si gnal s can bg provi ded to the data | ine output which is coupled to
the | eft data lLnput a right38ecode | ogic portion having a

plurality of data |ine |nputs an 5 address input, and a data |ine

out put ,

wher ei nd oﬁe%saagt ke géugféﬁ toa seécﬁfaevmlt&ge ?éteag.@é%éﬁn agnal

such t hat one | ur

Ine 1 np S can

provi ded t dndy eo@acan .lﬁﬁubw%@te%h%ﬁ% mﬂmdﬁsma?iqwsg eseconddata

I nput ;
current

input to have lset@hd r¥teddf divchiarge Wiker the s@enddnpat iLésupleditbh a

I nput_.an 10 a voItage out put, the voltage output for each of the

plurality (fpngblrc vol tage converters coupled to a correspondi ng -
one of 6he pl urallty of data line inputs of the left decode Ioglc

portion and the yi5 gfle QGEAAGLAALE Pl whe H{éhﬁfsl?%tee@f s
plurality of data’l rne T nput P ﬁ t (flecoé‘e
associ at ed ipiless that:mer@gpndcxamofodwdmgghe plural i ty of t he current -

10

15

20

25

30

16. The sense amplifier of claim 14 wherein the conductive source is a
memory cell.

17. The sense amplifier of claim 14 wherein the first loading device
and the second loading device are current sources.

18. The sense amplifier of claim 14 further comprising:

a second input clamp coupled to the second input, wherein the second
input clamp ensures the second input to be at or above a minimum voltages;

a third loading device coupled to a first voltage reference terminal, and

~ the second input, wherein the third loading device allows the first input to

have a third rate of discharge;

a fourth loading device coupled to a second voltage reference terminal,
and the first input, wherein the fourth loading device allows the second
input to have a fourth rate of discharge; and

a switching device having a first state and a second state, wherein the
switching device is coupled to the first input clamp, the first loading device,
and the second loading device to allow a data value on the first input to be
read during the first state, and the switching device is coupled to the second
input clamp, the third loading device, and the fourth loading device to allow
a data value on the second input to be read during the first state.

19. The sense amplifier of claim 18, wherein the first rate of discharge
is less than the second rate of discharge, and the third’rate of discharge is less
than the fourth rate of discharge. -

This gy,
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15 to-voltage converters and each of the plurality of data line inputs of
the right o rtlon I s associated with a correspondi ng one
of the plural f urrent-to-vol tage converters; a

plurality of €s cpupled to the current input of one of the
plurality of converters associated with the |left decode
| ogi ¢ 20 portlon gqf right bit lines coupled to the current

i nput of one oj ity of current-to-voltage converters
associated wt 3gic portion; a left
enabl e i nput cg : Irst switchable | oad device, the fourth
swi tchabl e | oa i ' gﬁ f

enabling a reag2 )f%‘ﬁéeﬁ‘?%]?’“é’“?&??’ﬂ "nmlé]d"m'l ﬁe Pﬁdu{Ch% pI ed to
the sth Hee ﬂqul ehterfedischargaare @ubsi@naatlyi |smﬂgw m&m secondcra&eof ce,
and the fidgtharge anldl ﬂié‘féﬁ‘irﬁi ?éte%fecﬁ?&{ar Qe @ﬁ@&hhﬂglly?‘ shfifige,0f the right
data input. . A nenory coﬁ‘prl sl ng: an array of
menory cells | ocated at |ntersect|ons of a pIurallty of word | i nes and

a pl uresl i ]'Ey of 1.t Thersense amphdﬁer of claign N8yfiieh@desmprigingda 2rtemp1d- ' ed

termnal for, receivin row addr es oy nal _coupl e

Lo said pl TPER W%Yer%aalaam@sgurgsﬁfdn?%svcoupféda@cmé&n S8 AR ane. o

sai d pl ur aveltageohodecdupledeto the seespdrinput foshnidicating a conductwlty of the
memory cell.

10 22. The sense amplifier of claim 21 further comprising a select circuit
coupled between the current-to-voltage converter and the second input, the
select circuit for receiving an address for electrically coupling the memory cell
and current-to-voltage converter to the second input.

15 23. A memory comprising;:
a voltage comparator having a left data input, a right data input, a
compare enable input, and a data output;
a first switchable load device coupled between the left data input and a
- first voltage reference terminal, and having an enable input;

20 a second switchable load device coupled between the left data input and
a second voltage reference terminal, and having an enable input;

a third switchable load device coupled between the right data input and
a first voltage reference terminal, and having an enable input;
a fourth switchable load device coupled between the right data input

25 and a second voltage reference terminal, and having an enable input;

a first minimum bias element coupled between the left data input and
a first voltage reference terminal, and having an enable signal, wherein the
first minimum bias element ensures a least a minimum voltage on the left
data input when enabled;

30 a second minimum bias element coupled between the right data input
and a first voltage reference terminal, and having an enable signal, wherein
the second minimum bias element ensures at least the minimum voltage on
the left data input when enabled;

a left decode logic portion having a plurality of data line inputs for

35 receiving a plurality of data line input signals, an address input, and a data
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-41- address to thereby cause each nenory cell |ocated on a selected

word line to ~he—coupted-to—agorrespondi ng one of said plurality of bit
| i nes; RiPpA@HﬁNﬁi§H%#' urrent-to-vol tage el ements each having an
I nput term haf—Ttoupred to g4 dorrespondi ng one of said plurality of bit

lines, and an 5 | out wggal ; a select circuit having an

: . J .

I nput termnal fprir ving a cloljum address, and coupling an out put
term nal of one ¢f Lthewpkuratty Of current-to- voltage elenments to a

first data line,land isolating a second-4xta |ine; a sense
anplifier for detectrmg-a data fromthe first data Iine, the sense 10

anplifier LS4 120+ : . Y/ o the
first dat aqﬁ{lgr::éel?tﬁlﬁ’ewsh g{:%lﬂ(fh ¢ addrS%st.lgplfllt%les , ﬁgtﬁ g‘e’%%ﬁg?%ssdq’gg‘gﬂou C%)lut
based on a that ore of theplyrality ofidata linginput signgls candesprayidedite the dates;
a second dgjm bﬁ%t%ﬁﬁﬂ SBbEY tPtHdRfEGaAMpUet a | ine, 15 wherein the
second data line ¢l g ensuy e t he, segon.d dab?wlébjilne }glé%e .at .or above
a ni ni num vol t ader!gnt decode logic portion gaying3 the tige {ppBeant o the
first data dddress iMpartpand tahdata line dutpsit, wherdinghdaddeessahpatds fore fir st
data line tg have a fj r i ' . a
second | oaJ%ﬁﬂem%%@Jgigfﬁ %éﬁ?lgéqcﬁetﬁggélég %f 3%? R hﬂ% %? & F |hﬂe nput t he
second | oadiignaldeande provided totchesdataninelautputi whichoistcoupled tethenrightit e of
di scharge. gata input: 25. The nenory of claim 24 wherein each of the
plurality o‘% cur?erit -.25 to-voltage_ elenents is transistor of a first
conduct i vi ty tygePhialify o cusientde-voltage convertstphaving surrens inpnt and
term ngo. a voltage output? éhe VoRag® BRtputdfor Cadh Bf 2he Wiaradity of ekredit-tbhe
plurality Ovolsc:augrer Eotverters coupled to a corresponding one of the plurality of data
line inputs of the left decode logic portion and the right decode logic portion,
such that each of the plurality of data line inputs of the left decode logic
portion is associated with a corresponding one of the plurality of the current-
15 to-voltage converters and each of the plurality of data line inputs of the right
decode logic portion is associated with a corresponding one of the plurality of
the current-to-voltage converters;
a plurality of left bit lines coupled to the current input of one of the
plurality of current-to-voltage converters associated with the left decode logic
20 portion a plurality of right bit lines coupled to the current input of one of the
plurality of current-to-voltage converters associated with the right decode
logic portion;
a left enable input coupled to the first switchable load device, the
fourth switchable load device, and the second minimum bias element, for
25 enabling a read of the left data input; and a right enable input coupled to the
second switchable load device, the third switchable load device, and the first
minimum bias element, for enabling a read of the right data input.

24. A memory comprising: |
30 an array of memory cells located at intersections of a plurality of word
lines and a plurality of bit lines;
a row decoder having an input terminal for redeiving a row address,
and an output terminal coupled to said plurality of word lines, said row
decoder selecting one of said plurality of word lines is response to said row

R



to-voltage elenments is an N-channel transistor. 30 27. The

menmory of claim26 wherein the bias voltage termn nal _iS«————coupt” 0 a
vol tage source two N-channel thresholds above VSS. REPLACEMENT E%E e
menory of claim 24 wherein the select circuit is a ty frssTon 35 |gdte.
-42 - 29. A nenory conpri sing: aﬂtz'/hUINi fgcaup! ed
to a bit cell; a transistor of a first copdlc 'ty type hayi ng
a control electrode 5 coupled to a bias voltage ter Dalea—+st—Turf ent
el ectrode coupled to the bit | i ne-4d-second curfent el ectrode;

a transm ssion gate having control electrodes coupl et=te=deCOUE | OQI C

the o SRR, IERPY TRLAP ARl Mepor e 10BN a SLREIPREAMR Y ot

second curren ) “transi stor, an econ
el ect r ode; be goupled to a gorrespnnding opiecef seid plurality of bitdines; cur rent el ectrode
of the tr 3 PR1A1t§ bOARerdOfd-VSltaze/ Slehitdfls aéle HAVEE bAriMpuel ;. and

terminal coupled to a corresponding one of said plurality of bit lines, and an
5 output terminal;

a select circuit having an input terminal for receiving a column
address, and coupling an output terminal of one of the plurality of current-to-
voltage elements to a first data line, and isolating a second data line;

a sense amplifier for detecting a data from the first data line, the sense

10 amplifier comprising:

a voltage comparator coupled to the first data line, the second
data line, and generating a data output based on a value of the first data line
and the second data lines;

a second data line clamp coupled to the second data line,

15 wherein the second data line clamp ensures the second data line to be at or
above a minimum voltage;

a first loading device coupled to the first data line, wherein the
first loading device allows the first data line to have a first rate of discharge;

and

20 a second loading device coupled to the second data line, wherein
the second loading device allows the second data line to have a second rate of
discharge.

25. The memory of claim 24 wherein each of the plurality of current-
25 to-voltage elements is a transistor of a first conductivity type having a control
node coupled to a bias voltage terminal.

26. The memory of claim 25 wherein each of the plurality of current-
to-voltage elements is an N-channel transistor.

30
27. The memory of claim 26 wherein the bias voltage terminal is
coupled to a voltage source two N-channel thresholds above VSS.
28. The memory of claim 24 wherein the select circuit is a transmission
35 gate.

b
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* '\' C.\ "\\L N §\.s:



wher'eas when the transm ssion gate is enabled and the bit cell is in a

conductive state a voltage drop occurs at the second current electrode. 15
30. The nenory of claim 29 wherein the transistor is an N- channel
transistor. 31. The nenory of claim 29 whergi ' v
term nal provides a bias voltage such that the tH{apsplHCEMERE

I nput i npedance 20 and a high out put inpedance. . The
menory of claim 31 wherein the transistor is an N channdl 2 Rngqgi
and the bias voltage term nal provides -adbi as vol t age lof O gpproxi

two N-channel thresholds above Vss. 25 33.

for use with a select circuit of a nenory, the e

node and a program node, conpri sing: a bal aving a
first terminal, 29 sSRCHSEMOIECOMPAISIAST i r st enabl e i nput terminal for

receiving a fi rabﬁui@qer&u%f@gb@@mgl, and a second enable 30 term nal
for receiving a programsignal, wherej.n. a selected one of said first
and second ter maﬁéﬁgs‘ﬁ%\ﬂfg’e&%ﬁoﬁ‘al‘ﬁm’ﬂym Vulﬁ‘atcﬂ@g%?%ﬁ&ﬁ&eci rcuit
during the doepledrtsia bias voltage terminal arfirst current elebrodagoaplddntruthet Isit i nal
for recei Vilﬂ%é%.%%ﬂdscjttﬂpﬂ&’elﬂgodoe; an output termnal coupled to at

ai an ter

| east one o st ¢ second mnals 35 of said balanced |atch,
for driving a vdl trapemissiom gateshavingsonted elgctrogied couplad to decode logic

for enabling the transmission gate, a first current electrode coupled to the
second current electrode of the transistor, and a second current electrode;
10 a loading device coupled the second current electrode of the
transmission gate and to a voltage reference terminal; and
whereas when the transmission gate is enabled and the bit cell is in a
conductive state a voltage drop occurs at the second current electrode.

15 30. The memory of claim 29 wherein the transistor is an
N-channel transistor.

31. The memory of claim 29 wherein the bias voltage terminal
provides a bias voltage such that the transistor has a low input impedance
20 and a high output impedance.

32. The memory of claim 31 wherein the transistor is an N-channel
transistor, and the bias voltage terminal provides a bias voltage of
approximately two N-channel thresholds above Vss.

25

33. A latching circuit for use with a select circuit of a memory, the
memory having a read mode and a program mode, comprising:

a balanced latch having a first terminal, a second terminal a first enable
input terminal for receiving a first timing control signal, and a second enable

30 terminal for receiving a program signal, wherein a selected one of said first
and second terminals provides an output terminal of the latching circuit
during the read mode; o

a force circuit having an input terminal for receiving a data signal, and

an output terminal coupled to at least one of said first and second terminals
35 of said balanced latch, for driving a voltage on said at least one of said first

Iy



-43- and second termi nals of said balanced.lLatch to force.said

bal anced latch to a predeterm ned state cof rRERADENEN S8cBRild dat a
signal during the program node; and a—prograntdyijver

circuit having an input term nal coupled to sai 'rs ZA ﬁggr I nal of said
bal anced | atch, and an output term nal coupled t{o JUN circuit,
said programdriver circuit active during the pfof 34.
The latching circuit of claim33 further conpri $i ng: first
isolating circuit having a first tern rdB-coupl ée—to—satt—frrst—t

I solation circuit havi ng a first termnal coupled to termnal coupled to

the Sehd Féc&{d féf rbg sﬁufBEfa géc} g&gﬂ‘tB glnrcfe%ra d;{ BaRhted @at@hscS %O”d

tlmng contro uri ng

i sol ati on qud@mmmdu gteasorrresppnd&grtmamdc@%tm%@qlcﬂ@ml th%@mam
term nal omodRh @ndal anced latch, a second terminal coupled to the sel ect
circuit, 15 and _a cont

control signal BJRPEF™ Jnvqracgrcrneggga : Orarr‘%:e‘llﬂer%mgll g‘?}%’ g@ﬁ flzfin éﬁ%g
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34. The latching circuit of claim 33 further comprising:
a first isolating circuit having a first terminal coupled to said first
10  isolation circuit having a first terminal coupled to terminal coupled to the
select circuit, and a control terminal for receiving a second timing control
signal during the read mode; and
a second isolation circuit having a first terminal coupled to said second
terminal of said balanced latch, a second terminal coupled to the select circuit,
15 and a control terminal for receiving said second timing control signal during
the read mode.

35. The latching circuit of claim 34 wherein each of said first and
second isolation circuits comprise complementary metal oxide semiconductor
20 (CMOS) transmission gates.
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a second loading device coupled to a second voltage reference terminal,
and the second input, wherein the second loading device allows the second
input to have a second rate of discharge when the second input is coupled to a
conductive source.

15. The sense amplifier of claim 14, wherein the first rate of discharge
is less that the second rate of discharge.

16. The sense amplifier of claim 14 wherein the conductive source is a
memory cell.

17. The sense amplifier of claim 14 wherein the first loading device
and the second loading device are current sources.

18. The sense amplifier of claim 14 further comprising:

a second input clamp coupled to the second input, wherein the second
input clamp ensures the second input to be at or above a minimum voltage;

a third loading device coupled to the first voltage reference terminal,
and the second input, wherein the third loading device allows the second
input to have a third rate of discharge;

a fourth loading device coupled to the second voltage reference
terminal, and the first input, wherein the fourth loading device allows the
first input to have a fourth rate of discharge; and

a switching device having a first state and a second state, wherein the
switching device is coupled to the first input clamp, the first loading device,
and the second loading device to allow a data value on the first input to be
read during the first state, and the switching device is coupled to the second
input clamp, the third loading device, and the fourth loading device to allow
a data value on the second input to be read during the first state.

19. The sense amplifier of claim 18, wherein the first rate of discharge

is less than the second rate of discharge, and the third rate of discharge is less
than the fourth rate of discharge.
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