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DIFFERENTIAL NOR MEMORY CELL 
HAVING TWO FLOATING GATE 

TRANSISTORS 

BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

The present invention relates to Electrically-Erasable and 
Programmable Read-Only-Memories (EEPROMs), and 
more specifically, to a differential NOR memory cell having 
two floating gate transistors. 

2. Background and Related Art 
Computing technology has revolutionized the way people 

work and play and has contributed enormously to the 
advancement of humankind. Computing technology is 
largely enabled by various integrated circuit designs. An 
important function of any computing device is the ability to 
Store information. Non-volatile memories, in particular, 
retain data long-term despite a loSS of power, which is 
advantageous for certain data. 
One type of non-volatile memory circuit is often referred 

to as an Electrically-Erasable and Programmable Read-Only 
Memory (EEPROM), which functions for the most part as a 
Read-Only Memory except that is has the ability to be 
programmed and erased multiple times over the life of the 
memory circuit. The principle component of an EEPROM 
memory is the floating gate transistor. A floating gate tran 
Sistor is similar to a conventional field-effect transistor, in 
that the floating gate transistor is a four terminal device that 
includes a Source terminal, a drain terminal, a body terminal 
and a control gate terminal. The control gate terminal is 
capacitively coupled to the Substrate between Source and 
drain terminals Such that when appropriate Voltages are 
applied to the control gate, a channel inversion layer forms 
and electrically connects the Source and drain thereby allow 
ing charge carriers to flow. 

However, unlike conventional field-effect transistors, the 
floating gate transistor includes a floating gate that is dis 
posed between and capacitively coupled to the control gate 
terminal and the channel region of the Substrate between the 
Source and drain terminals. The floating gate may be pro 
grammed with a logical one (or Zero) by injecting or 
tunneling charge carriers onto the floating gate through 
conventional processes Such as Fowler-Nordheim tunneling 
or Channel Hot Electron Injection. The floating gate may be 
erased by tunneling carriers from the floating gate back into 
the Substrate. The floating gate may be programmed and 
erased multiple times. 

The amount of charge on the floating gate changes the 
Voltage required on the control gate in order for significant 
conduction to occur between the Source and drain. This 
voltage is often referred to as the “threshold voltage') of the 
device. Alogical one or Zero may be read from the EEPROM 
by taking advantage of the correlation between floating gate 
charge and threshold Voltage. Two main categories of 
EEPROM memories are the NOR configuration EEPROM 
and the NAND configuration EEPROM. 

FIG. 5 illustrates a 2x2 array 500 of memory cells in a 
conventional NOR configuration. Each memory cell has a 
Single floating gate transistor having a control gate terminal 
coupled to a specific word line, and drain terminal coupled 
to a specific bit line, and a Source terminal coupled to a 
common Source line S1. The floating gate transistor of each 
EEPROM memory cell is coupled to a unique combination 
of word and bit lines. For example EEPROM memory cell 
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2 
511 has a control gate terminal coupled to word line wil1 and 
a drain terminal coupled to bit line bl1, EEPROM memory 
cell 512 has a control gate terminal coupled to word line will 
and a drain terminal coupled to bit line bl2, EEPROM 
memory cell 521 has a control gate terminal coupled to word 
line wi2 and a drain terminal coupled to bit line bl1, and 
EEPROM memory cell 522 has a control gate terminal 
coupled to word line wi2 and a drain terminal coupled to bit 
line bl2. 

For Channel Hot Electron Injection (CHED) type NOR 
memories, a specific bit is programmed into a particular 
EEPROM memory cell by setting all word lines to ground 
except for the particular word line connected to the control 
gate terminal of the particular EEPROM word to be pro 
grammed. In addition, all bit lines are Set to the same Voltage 
as the Source line, except for the bit lines corresponding to 
the bits to be programmed. The particular word line and bit 
line of the EEPROM memory cell to be programmed are set 
to voltages that allow current to flow from the particular bit 
line, through the channel region of the particular EEPROM 
memory cell and to the common Source line. Some of the 
channel hot electrons generated penetrate the gate oxide and 
get trapped in the floating gate. This lowers the Voltage of 
the floating gate thereby increasing the threshold Voltage of 
the memory cell. In other words, a higher Voltage is now 
required on the control gate in order to have the floating gate 
memory cell conduct significant current. 

Prior to programming a specific cells threshold Voltage to 
a high state, all EEPROM memory cells are erased to a low 
threshold Voltage State. To accomplish this erase operation, 
a low Voltage is placed on all word lines, and a high Voltage 
is placed on all bit lines. The voltage difference is sufficient 
that the induced electric field forces electrons on the floating 
gate to penetrate the gate oxide into the channel or drain 
regions of the transistor for further dissipation, thereby 
leaving the floating gate of all floating gate transistors with 
a more positive charge. 

In order to read a bit of information Stored on a particular 
EEPROM memory cell, the associated bit line is raised 
above ground at the same time as the associated word line. 
The bit line current is then measured. If any of the cells on 
the chosen bit line are on, current will flow yielding a Zero 
bit. For this reason, it is important the non-programmed (or 
erased) bits have a positive threshold voltage, yet still lower 
than the word line read voltage. 

There are a number of conventional variations on the 
illustrated NOR architecture. However, conventional NOR 
and NAND architectures are typically based on one or more 
bits of information per floating gate transistor. Accordingly, 
conventional EEPROM architectures offer compact 
EEPROM memory cells. 

However, in addition to memory size, other key EEPROM 
memory cell parameters include the program and erase 
Voltage, the program and erase time, data retention, write 
erase durability. Some memory applications may be leSS 
Sensitive to memory size, while being more Sensitive to 
performance parameters. Accordingly, what would be 
advantageous are EEPROM memory cells that provide 
improved program and erase Voltage, program and erase 
time, data retention, and write erase durability, even if these 
advantages are obtained with Some increase in memory size. 

BRIEF SUMMARY OF THE INVENTION 

The foregoing problems with the prior State of the art are 
overcome by the principles of the present invention, which 
are directed towards an Electrically-Erasable and Program 
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mable Read-Only Memory (EEPROM) memory circuit that 
includes one or more differential memory cells. Each 
memory cell includes two floating gate transistors and thus 
represents. Some increase in size as compared to conven 
tional EEPROM memory cells that only have one floating 
gate transistor. 

In accordance with a first embodiment of the invention, 
each floating gate transistor includes a control gate terminal, 
a floating gate, a Source terminal, and a drain terminal. The 
drain terminal of one floating gate transistor is coupled to 
one differential bit line, while the drain terminal of the other 
floating gate transistor is coupled to the other differential bit 
line. The Source terminals of both floating gate transistors 
are coupled to a common current Source or Sink. Each of the 
control gate terminals of each of the floating gate transistors 
are coupled to a corresponding word line, which may be the 
Same as or different than the corresponding word line that 
the other control gate in the EEPROM memory cell is 
connected to. 

In accordance with a Second embodiment of the 
invention, each floating gate transistor is a five-terminal 
device that includes a control gate terminal, a Source 
terminal, a drain terminal, a well terminal, and a body 
terminal. The floating gate transistor also includes a floating 
gate which is not considered a terminal. Here, however, a 
different set of bit lines is used to program the EEPROM 
memory cell as are used to read the EEPROM memory cell. 
The drain terminal of one floating gate transistor is coupled 
to one differential read bit line, while the drain terminal of 
the other floating gate transistor is coupled to the other 
differential read bit line. The Source terminals of both 
floating gate transistors are coupled to a common current 
Source or sink. Each of the control gate terminals of each of 
the floating gate transistors are coupled to a corresponding 
word line, which may be the same as or different than the 
corresponding word line that the other control gate in the 
EEPROM memory cell is connected to. Furthermore, the 
well terminal of one floating gate transistor is coupled to one 
differential program bit line, while the well terminal of the 
other floating gate transistor is coupled to the other differ 
ential program bit line. 
The principles of the present invention allow for 

improved performance at the often acceptable expense of a 
somewhat increased size per EEPROM memory cell. Addi 
tional features and advantages of the invention will be Set 
forth in the description that follows, and in part will be 
obvious from the description, or may be learned by the 
practice of the invention. The features and advantages of the 
invention may be realized and obtained by means of the 
instruments and combinations particularly pointed out in the 
appended claims. These and other features of the present 
invention will become more fully apparent from the follow 
ing description and appended claims, or may be learned by 
the practice of the invention as Set forth hereinafter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to describe the manner in which the above-recited 
and other advantages and features of the invention can be 
obtained, a more particular description of the invention 
briefly described above will be rendered by reference to 
specific embodiments thereof which are illustrated in the 
appended drawings. Understanding that these drawings 
depict only typical embodiments of the invention and are not 
therefore to be considered to be limiting of its Scope, the 
invention will be described and explained with additional 
Specificity and detail through the use of the accompanying 
drawings in which: 
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4 
FIG. 1A illustrates a differential EEPROM memory cell in 

which the drain terminals are connected to corresponding bit 
lines, the control gate terminals are connected to a common 
word line, and the Source terminals are connected to a 
common current Source or Sink, 

FIG. 1B illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 1A; 

FIG. 1C illustrates a circuit that includes a differential 
EEPROM memory cell array of FIG. 1B along with Sup 
porting circuitry; 

FIG. 2A illustrates a differential EEPROM memory cell 
which is similar to the EEPROM memory cell illustrated in 
FIG. 1A, except that the control gates are coupled to 
different differential word lines; 

FIG. 2B illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 2A; 

FIG. 2C illustrates a circuit that includes a differential 
EEPROM memory cell array of FIG. 2B along with Sup 
porting circuitry; 

FIG. 3A illustrates a differential EEPROM memory cell 
that includes two five-terminal terminal floating gate tran 
Sistors, 

FIG. 3B illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 3A; 

FIG. 3C illustrates a circuit that includes a differential 
EEPROM memory cell array of FIG. 3B along with Sup 
porting circuitry, 

FIG. 4A illustrates a layout view of an n-type five 
terminal floating gate transistor that may be used as the 
floating gate transistor of FIG. 3A; 

FIG. 4B illustrates a vertical cross-section view of the 
five-terminal floating gate transistor of FIG. 4A; 

FIG. 5 illustrates a conventional NOR type EEPROM 
memory array in accordance with the prior art; and 

FIG. 6 illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 1B, except that now the common source of 
each memory cell is coupled to a common word line. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The principles of the present invention are directed 
towards an EEPROM memory cell that includes two floating 
gate transistors. Each of the drain terminals of each of the 
transistorS is coupled to a corresponding differential bit line. 
The Source terminals of both transistors are coupled to a 
common current Source or sink. Each of the control gate 
terminals are coupled to a corresponding word line, which 
may be the same as or different than the corresponding word 
line that the other control terminal is connected to. 

FIG. 1A illustrates a differential EEPROM memory cell 
100 in which the drain terminals are coupled to correspond 
ing bit lines, the control gate terminals are coupled to a 
common word line, and the Source terminals are coupled to 
a common current Source or Sink. Specifically, the drain 
terminal 113 of floating gate transistor F1 is coupled to 
differential bit line 131, while the drain terminal 113 of 
floating gate transistor F2 is coupled to differential bit line 
131'. Also, the control gate terminal 111 of transistor F1 and 
the control gate terminal 121 of transistor F2 are both 
coupled to word line 141. The source terminal 114 of 
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transistor F1 and the Source terminal 124 of transistor F2 are 
coupled to each other and to the current sink 151. Note that 
while the transistors F1 and F2 are n-type, they may also be 
p-type in which case any current Sources would be current 
sinks, and vice versa. The memory cell would otherwise be 
configured the Same. 

In this description and in the claims, one node in a circuit 
is “coupled”) to another node in the circuit if charge carriers 
freely flow (even with some resistance) between the two 
nodes during normal operation of the circuit even without 
the application of relatively high programming Voltages to 
the nodes. Also in this description and in the claims, one 
node in a circuit is “capacitively coupled to another node in 
the circuit if charge are generally not free to flow between 
the two nodes, but there is capacitive interaction between the 
nodes. The one exception is that electrons may flow to Some 
extent between two capacitively coupled nodes due to 
Fowler-Nordheim tunneling or Channel Hot Electron Injec 
tion upon the application of Sufficient programming Volt 
ageS. 

In order to program the memory cell 100 with a logical 
one, the floating gate 112 of transistor F1 is injected with 
electrons thereby giving the floating gate a more negative 
charge and thereby increasing the threshold Voltage of 
transistor F1. Also, the floating gate 122 of transistor F2 is 
discharged of many of its free electrons thereby giving the 
floating gate a more positive charge and thereby decreasing 
the threshold voltage of transistor F1. Likewise, in order to 
program the memory cell 100 with a logical zero, the 
floating gate 112 of transistor F1 is discharged of many of its 
free electrons thereby decreasing the threshold Voltage of 
transistor F1, while the floating gate 122 is injected with 
electrons thereby increasing the threshold Voltage of tran 
sistor F2. 

The net effect of this differential threshold voltage is that 
if a current I is drawn from the Source terminals 114 and 124 
of transistors F1 (or provided to the source terminals in the 
case of p-type transistors), then one current I will be 
different than the other I. More Specifically, a logical one 
would be manifest by current I being lower than current I. 
A logical Zero would be manifest by current I being higher 
than current I. 

FIG. 1B illustrates the memory cell 100 in the greater 
context of an array of memory cells. Specifically, the 
memory cell 100 is represented within the dashed-lined box. 
The differential bit line 131 is also represented as bit line 
BLOa, while the differential bit line 131' is also represented 
as bit line BLOb. Additionally, bit lines BL1a and BL1b 
Support an additional column of memory cells. Furthermore, 
word line 141 is also represented as word line WL2. The 
transistors that have their drain terminal connected to a bit 
line that is identified with an element number having an “a” 
as a Suffix (i.e., the left transistor in each memory cell) will 
also be referred to as the “a” transistors. Similarly, transis 
tors that have their drain terminal connected to a bit line that 
is identified with an element number having a “b” as a suffix 
(i.e., the right transistor in each memory cell) will also be 
referred to as the “b' transistor. 

FIG. 6 illustrates a memory array that is similar to FIG. 
1B, except that the common Source terminals of each 
floating gate transistors in a word are coupled in common, 
with the common node Separated from ground via a single 
pass transistor. This configuration may be desired to protect 
against an over-erase Situation in which the threshold Volt 
age of a floating gate may have been undesirably reduced to 
less than Zero. In that case, the configuration of FIG. 1B may 
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6 
result in a faulty read operation. However, during a read 
operation for the circuit of FIG. 6, the pass transistor that is 
coupled to all of the common Source terminals of the floating 
gate transistors in a single word is turned on only when that 
word is being read. Accordingly, an accurate read operation 
for a given word will result even if there is an over-erase 
condition for memory cells outside of that word. 

FIG. 1C illustrates the memory array of FIG. 1B in the 
greater context of Supporting circuitry that may be used to 
program, erase, and read the memory cells. In order to read 
a given word (in this case, a two-bit word comprising bits 
B0 OUT and B1 OUT), a reference voltage is placed on 
the corresponding word-line while grounding all other word 
lines. If the “a” transistor of a given bit has a lower threshold 
voltage than the “b' transistor of that same bit, the data latch 
will flip the output node representing that bit to a Zero. 
Similarly, if the “a” transistor of a given bit has a higher 
threshold voltage than the “b' transistor of that same bit, the 
data latch will flip the output node representing that bit to a 
one. To overcome hysteresis in the data latch, the latch 
Supply, Vdd Latch, can be pulsed to ground and raised to 
Vdd. 
The word programming operation involves two phases. 

First, all bit lines are grounded and the associated word line 
is raised to Vpp (the programming voltage) yielding a 
negative charge on all bits in the associated word. To 
program Bit B0 to low, the “a” transistor of the associated 
word which is connected to BL0a needs to have a lower 
threshold voltage than the “b' transistor connected to BLOb. 
To accomplish this, a negative Voltage, -V.pn may be placed 
on the associated word line while a positive Voltage, Vpp, is 
placed on BLOa. This converts the charge on the “a” 
transistor's floating gate from negative to positive. The other 
differential bit line BLOb may be grounded. If -Vpn is 
chosen correctly, no significant current will flow from the 
floating gate of the “b' transistor. Therefore, the floating gate 
charge of that “b' transistor will remain negative. 
AS a Specific programming example, the Second word 

corresponding to WL2 may be programmed with bit B0 
having a logical Zero, and bit B1 having a logical one as 
follows. Word line WL2 is set to a voltage of -Vpn while the 
other word lines WLO, WL1 and WL3 are grounded. Bit 
lines BL0a and BL1b are set to Vpp, while bits lines BLOb 
and BL1a are set to Vpp. This would accomplish program 
ming using Fowler-Nordheim tunneling. 
The memory cell in accordance with all embodiments of 

the present invention has the advantage of having built-in 
redundancy. Particularly, if the memory cell is programmed 
Such that the transistor having the lower threshold Voltage 
has a net positive charge and the transistor having the higher 
threshold Voltage has a net negative charge, then either 
transistor may lose its charge (So long as one transistor still 
has Some charge), while still retaining data. Accordingly, 
data retention is improved significantly over conventional 
EEPROM memory cells that only include one floating gate 
transistor. 

FIG. 2A illustrates a differential EEPROM memory cell 
200 which is similar to the EEPROM memory cell 100 
illustrated in FIG. 1A, except that the control gates are 
coupled to different differential word lines. In this 
configuration, programming of the low threshold Voltage 
transistor is accomplished using Fowler-Nordheim 
tunneling, while programming of the high threshold Voltage 
transistor is accomplished using Channel Hot Electron Injec 
tion. Additionally, the configuration of FIGS. 2A, 2B, and 
2C allow a Single bit in a word to be programmed without 
having to erase and reprogram the entire word. 
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In FIG. 2A, elements F1, F2, 211, 212, 213, 214, 221, 
222, 223, 224, 231, 231' and 251 are similar to the corre 
sponding elements F1, F2, 111,112,113, 114, 121, 122, 123, 
124, 131, 131' and 151 of FIG. 1A. However, in FIG. 2A, 
there are two word lines 241 and 242 for each word, instead 
of the one word line 141 of FIG. 1A. The control gate 
terminal 211 of transistor F1 is coupled to word line 242, 
while the control gate terminal 221 of transistor F2 is 
coupled to word line 241. 

FIG. 2B illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 2A. In FIG. 2B, differential bit lines 231 and 
231' are also labeled bit lines BLOa and BLOb for bit B0 of 
the corresponding word. Also illustrated are bit lines BL1a 
and BL2b for corresponding bit B1. The differential word 
lines 241 and 242 are illustrated as word lines WL2b and 
WL2a, respectively. Also illustrated are word lines WLOa 
and WLOb for word 0, word lines WL1a and WL1b for word 
1, and word lines WL3a and WL3b for word 3. 

FIG. 2C illustrates a circuit that includes a differential 
EEPROM memory cell array of FIG. 2B along with Sup 
porting circuitry Such as a data latch, current multiplexer, as 
well as current mirrors. 

The bit represented by memory cell 200 may be pro 
grammed without affecting the other bits in the word. In 
other words, the bit represented at word 2, bit 0 may be 
programmed without affecting the bit stored at word 2, bit 1. 
One of the transistors (e.g., the “a transistor) in the memory 
cell has a low threshold Voltage programmed in the same 
manner as described above for the memory cell 100 of FIG. 
1A. However, the other transistor (e.g., the “b” transistor”) 
is programed to a high threshold Voltage with channel hot 
electron injection. For instance, in order to program word 2 
with a bit B0 having a logical 0, and bit B1 having a logical 
1, word line WL2a may be set to a negative Voltage-V pn, 
while word line WL2b is set to a positive voltage Vpp/2. All 
other word lines are grounded. Bit lines BL0a and BLOb 
may be set to Vpp, while the bit lines BL1a and BL1b are 
grounded. 

FIG. 3A illustrates a differential EEPROM memory cell 
300 that includes two five-terminal floating gate transistors. 
The memory cell 300 is similar to the memory cell 100 of 
FIG. 1A with Some significant differences. In particular, as 
described with reference to FIGS. 4A and 4B, the structure 
of the five-terminal floating gate transistorS is significantly 
different than conventional floating gate transistors and 
includes a fifth terminal called herein a well terminal. 
Furthermore, a different set of differential bit lines are used 
to program the memory cell as are used to read the memory 
cell. FIG.3B illustrates a differential EEPROM memory cell 
array that includes multiple memory cells of the type illus 
trated in FIG. 3A. FIG. 3C illustrates a circuit that includes 
a differential EEPROM memory cell array of FIG. 3B along 
with Supporting circuitry; 

Before describing the operation of the circuits of FIGS. 
3A, 3B and 3C, the general structure of a five-terminal 
floating gate transistor that is Suitable for use in these circuits 
is now described. FIG. 4A illustrates a layout view of an 
n-type five-terminal floating gate transistor that may be used 
as the floating gate transistor of FIG. 3A. FIG. 4B illustrates 
a vertical cross-section view of the five-terminal floating 
gate transistor of FIG. 4A. 
As seen in FIGS. 4A and 4B, n-type five-terminal floating 

gate transistorS F"1 includes a control gate terminal 311, a 
drain terminal 313, a source terminal 314, a well-terminal 
315, and a body terminal (not shown). The floating gate 
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8 
transistorSF"1 also includes a floating gate 312. The capaci 
tive coupling between the control gate terminal 311 and the 
floating gate 312 is Strong due to the large area and thin 
distance between the control gate terminal 311 and the 
floating gate. Accordingly, Since the capacitive coupling 
between the floating gate 312 and other elements is leSS 
Significant, any change in the control gate Voltage would be 
almost all reflected in changes in the floating gate Voltage. 
In FIG. 4A, the control gate 311 is bounded by the box with 
the dashed line boundary, whereas the floating gate 312 is 
bounded by the Solid lined box that has extensions over the 
well terminal and channel region 400 between the drain 
terminal 313 and Source terminal 314. 
The five-terminal floating gate transistor F"1 may be 

fabricated using Standard CMOS processes. For instance, a 
standard p-type substrate 405 may be used as the foundation. 
An n-well 415 is formed using standard diffusion processes. 
An oxide layer having thick field oxide portions 403 and 
thinner oxides are formed (such as at tunnel window 404 and 
at portion 402 just above the channel region. After depos 
iting and patterning a floating gate, an oxide layer 401 is then 
formed over the floating gate. After this, the control gate 311 
is deposited and patterned. All of these processes would 
have occurred elsewhere in the circuitry and with a Standard 
floating gate memory cell. The primary difference is the 
shape of the patterning masks. Accordingly, the formation of 
the five-terminal floating gate transistor F"1 involves no 
additional process Steps over that that would normally be 
required in a Standard circuit that employs conventional 
floating gate technology. 

However, due to Substantially different patterning, the 
floating gate not only has a Strong capacitive coupling With 
the channel region of the transistor between the drain and 
Source terminals, but also has Some capacitive coupling with 
the n-well 415. Furthermore, the control gate may overly the 
channel region in the illustrated embodiment of FIG. 4B. 
The capacitive coupling between the control gate terminal 
411 and the floating gate 412 is strong due to the large area 
and thin distance between the control gate terminal 411 and 
the floating gate. Accordingly, Since the capacitive coupling 
between the floating gate 412 and other elements is leSS 
Significant, any change in the control gate Voltage would be 
almost all reflected in changes in the floating gate Voltage. 
This would allow for more lenient programming Voltages. 
The Second n-type five-terminal floating gate transistor 

F"2 may be structured similar to the transistor F"1. For 
instance, transistor F"2 includes a control gate terminal 321, 
a floating gate 322, a drain terminal 323, a Source terminal 
324, and a well-terminal 325. A portion of the floating gate 
322 has a Strong capacitive coupling with the well-terminal 
325. 

Returning to the memory cell 300 of FIG. 3A, the control 
gate terminal 311 of five-terminal floating gate transistor F"1 
and the control gate terminal 321 of five-terminal floating 
gate transistor F"2 are coupled to word line 341. The drain 
terminal 313 of transistor F"1 is coupled to one differential 
read bit line 331, while the drain terminal 323 of the other 
transistor F"2 is coupled to the other differential read bit line 
331". The Source terminal 314 of transistor F"1 and the 
Source terminal 324 of transistor F"2 are coupled together 
and to a current sink 351 (or a current Source in the case of 
p-type transistors). Well terminal 315 of transistor F"1 is 
coupled to one differential program input line 332, while 
well terminal 325 of transistor F"2 is coupled to the other 
differential program input line 332'. 

FIG. 3B shows the memory cell 300 in the greater context 
of an array of memory cells. Note that differential read bit 
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lines 331 and 331' are also labeled RBLOa and RBLOb, and 
the differential program bit lines 332 and 332' are also 
labeled PBLOa and PBLOb, forbit B0 in each word. The four 
other differential bit lines (two for reading and two for 
programming) for column 1 are also shown as RBL1a, 
RBL1b, PBL1a and PBL1b. Also, word line 341 is also 
labeled WL2. Other word lines WL0, WL1 and WL2 are 
also shown. Illustrated in FIG. 3C is a data latch, as well as 
select transistors receiving voltages SL0, SL1, SL2, and SL3 
at their gate terminals and that are used to Select words 0, 1, 
2 and 3, respectively. 

The use of the five-terminal floating gate transistors 
allows the well terminal to Simplify programming and 
erasing. Here, only one Step is needed thereby significantly 
Shortening the programming and erasing time. An interme 
diate Voltage Vpp/2 is generated and placed on the word 
lines of all words not to be programmed. The data is then Set 
on the program bit lines. The word line of the word to be 
programmed is then pulsed from Vpp/2, which is the normal 
Static State, to Vpp, then to ground. The read bit lines and the 
current sink are set to Vdd. In order to program word 2 with 
a bit B0 having a logical Zero and bit B1 having a logical 
one, for example, word lines WL0, WL1, and WL3 would be 
set to Vpp/2. Word line WL2 would be pulse from Vpp/2 to 
Vpp and then to ground. All read bit lines RBL0a, RBLOb, 
RBL1a and RBL1b are set to Vdd to reduce write corruption 
in non-programmed bits. Program bit lines PBL0a and 
PBL1b are set to Vpp while program bit lines PBLOb and 
PBL1a are grounded. 
AS one additional embodiment, the embodiment of FIG. 

3A, 3B, and 3C could be modified Such that the “a” 
transistor in each memory cell has a control gate that is 
coupled to a different word line than the control gate of the 
“b' transistor in that same memory cell. This would once 
again allow for the programming of a Single bit in a word, 
without reprogramming the entire word. In addition to built 
in redundancy, the embodiments of FIGS. 3A, 3B, and 3C 
allow for reduced programming and erase Voltages and 
times. 

Although the principles of the present invention have 
been described with respect to Specific embodiments, Vari 
ous additions, modifications, and deletions will be apparent 
to one of ordinary skill in the art after having read this 
description. For example, Some memory cells may be p-type 
memory cells having p-type five-terminal floating gate 
transistors, and others may be n-type memory cells having 
n-type five-terminal floating gate transistors. Furthermore, 
Some of the memory cells may be as described with respect 
to one embodiment, while other may be as described with 
respect to another embodiment, while yet others are con 
ventional EEPROM memory cells. In addition, some 
memory cells may share a current mirror and/or a data latch 
with other memory cells, while others may have their own 
current mirror and/or data latch. 

The present invention may be embodied in other specific 
forms without departing from its Spirit or essential charac 
teristics. The described embodiments are to be considered in 
all respects only as illustrative and not restrictive. The Scope 
of the invention is, therefore, indicated by the appended 
claims rather than by the foregoing description. All changes, 
which come within the meaning and range of equivalency of 
the claims, are to be embraced within their Scope. 
What is claimed and desired secured by United States 

Letters Patent is: 
1. A differential Electrically-Erasable and Programmable 

Read-Only Memory (EEPROM) memory in which a 
memory cell comprises: 
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10 
a first floating gate transistor comprising a first control 

gate terminal, a first floating gate, a first Source 
terminal, and a first drain terminal, the first drain 
terminal coupled to a first differential bit line, the first 
control gate terminal coupled to a first word line, the 
first Source terminal coupled to a current Source or Sink, 
and 

a Second floating gate transistor comprising a Second 
control gate terminal, a Second floating gate, a Second 
Source terminal, and a Second drain terminal, the Sec 
ond drain terminal coupled to a Second differential bit 
line, the Second control gate terminal coupled to a 
Second word line, the Second Source terminal coupled 
to the current Source or Sink, 

wherein the memory further comprises a circuit compo 
nent configured to identify a binary bit stored by the 
memory cell depending on which of the first or Second 
floating gate transistors draws more current during a 
read operation. 

2. An EEPROM memory in accordance with claim 1, 
wherein the first and Second word lines are the same word 
line. 

3. An EEPROM memory in accordance with claim 1, 
wherein the first and second word lines are different word 
lines. 

4. An EEPROM memory in accordance with claim 1, 
wherein the first and Second floating gate transistors are 
n-type and the current Source or Sink is a current Sink. 

5. An EEPROM memory in accordance with claim 1, 
wherein the first and Second floating gate transistors are 
p-type and the current Source or sink is a current Source. 

6. A differential Electrically-Erasable and Programmable 
Read-Only Memory EEPROM memory cell comprising the 
following: 

a first five-terminal floating gate transistor comprising a 
first control gate terminal, a first floating gate, a first 
Source terminal, a first drain terminal, and a first well 
terminal, the first drain terminal coupled to a first 
differential read bit line, the first well terminal coupled 
to a first differential program bit line, the first control 
gate terminal coupled to a first word line, the first 
Source terminal coupled to a current Source or sink, and 

a Second five-terminal floating gate transistor comprising 
a Second control gate terminal, a Second floating gate, 
a Second Source terminal, a Second drain terminal, and 
a Second well terminal, the Second drain terminal 
coupled to a Second differential read bit line, the Second 
well terminal coupled to a Second differential program 
bit line, the Second control gate terminal coupled to a 
Second word line, the Second Source terminal coupled 
to the current Source or Sink. 

7. An EEPROM memory cell in accordance with claim 6, 
wherein the first and Second word lines are the same word 
line. 

8. An EEPROM memory cell in accordance with claim 6, 
wherein the first and second word lines are different word 
lines. 

9. An EEPROM memory cell in accordance with claim 6, 
wherein the first and Second floating gate transistors are 
n-type and the current Source or Sink is a current Sink. 

10. An EEPROM memory cell in accordance with claim 
9, wherein the first well terminal is n-type. 

11. An EEPROM memory cell in accordance with claim 
10, wherein the second well terminal is n-type. 

12. An EEPROM memory cell in accordance with claim 
9, wherein the first well terminal is p-type. 
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13. An EEPROM memory cell in accordance with claim 17. An EEPROM memory cell in accordance with claim 
12, wherein the Second well terminal is n-type. 6, wherein the first well terminal is p-type. 

14. An EEPROM memory cell in accordance with claim 18. An EEPROM memory cell in accordance with claim 
9, wherein the first and Second well terminals are p-type. 16, wherein the Second well terminal is p-type. 

15. An EEPROM memory cell in accordance with claim 5 19. An EEPROM memory cell in accordance with claim 
6, wherein the first and Second floating gate transistors are 16, wherein the Second well terminal is n-type. 
n-type and the current Source or Sink is a current Sink. 20. An EEPROM memory cell in accordance with claim 

16. An EEPROM memory cell in accordance with claim 16, wherein the first and Second well terminals are p-type. 
6, wherein the first and Second floating gate transistors are 
p-type and the current Source or Sink is a current Source. k . . . . 
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