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The present mvention pertains to the field of integrated circuits.

More particularly, this invention relates to a voltage switching circuit that
couples a negative voltage to a nonvolatile memory, thereby allowing
negative gate erasure of the nonvolatile memory.
BACKGROUND OF THE INVENTION

A prior flash erasable and electrically programmable read-only

- memory (“flash EPROM") typically uses memory cells that include

electrically isolated gates {i.e., floating gates). Information is stored in
the memoty cells in the form of charge on the floating gates. Figure 1
illustrates the structure of one such memory cell 10. Memory cell 10
includes a drain region 13 and a source region 14 in a substrate 15.
Source region 14 and drain region 13 are asymmetrically doped with an
arsenic dopant and source region 14 is additionally doped with a
phosphorous dopant. A polysilicon floating gate 12 is generally
disposed above and between these regions and insutated from these
regions by an insulating layer 16. Floating gate 12 at the completion of
processing is completely surrounded by insulating layers and hence
electrically floats. A second gate (i.e., a control gate) 11 is disposed

 above floating gate 12 that is fabricated from a second layer of

polysilicon. A second insulating layer 17 separates floating gate 12
from control gate 11.

As can be seen from Figure 2A, memory cell 10 is programmed
(i.e., negatively charging the floating gate) by coupling control gate 11 to
a gate programming potential of approximately +12 volts, drain region
13 to a drain programming potential of approximately +7 volts, and
source region 14 to ground. Under these conditions, channel hot
electron injection occurs through oxide layer 16. The elecirons
deposited on floating gate 12 of memory cell 10 cause the threshold
voltage of memory cell 10 to rise. Memory cell 10 is now programmed to
have a programmed threshold voltage VTp.
_ To erase cell 10, drain region 13 is floated, control gate 11 is
grounded and an erasure potential of approximately +12 volts is applied
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The speed at which memory cell 10 is erased largely depends on
the erasure ability of memory cell 10 and the erasure voltage applied to
the source of memory cell 10. Typically, the higher the erasure voltage
applied to the source of memory cell 10, the faster memory cell 10 is
being erased. However, one disadvantage of such prior art erasure
technique is that if the erasure voltage applied to the source of memory
cell 10 exceeds certain voltage threshold (e.g., 12 volts), the
source-to-gate junction of memory cell 10 then moves into the
breakdown region, at which hot holes are generated in floating gate 12
of memory cell 10. This is detrimental to the lifetime cycles of the
memory cell. Therefore, the erasure voltage constraint typically limits
the increase in the erasure speed of memory cell 10. In addition, when
the source-to-gate junction of memory cell 10 is at the breakdown
condition, the erasure speed of memory cell 10 does not increase when
the erasure voltage increases.

SUMMARY OF THE INVENTION

One of the features of the present invention is to provide a voltage
switching circuit for applying negative voltages (i.e., lower than zero
volts) to an integrated circuit.

Another feature of the present invention is to allow negative gate
erasure of memory cells of a nonvolatile memory.

A further feature of the present invention is to provide a negative
voltage switching circuit with minimized power consumption.
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the switching circuit to couple the first voltage to the output by -
generating a second voltage having a voltage level lower than that of
the first voltage from a third voltage having a voltage leve! substantially
higher than zero volts.

The control circuit of the above described voltage switching circuit,
in.one embodiment, includes a capacitor having a first end and a second
end coupled to a gate of a switching transistor of the switching circuit via
a node. A charging circuit is coupled to the first end of the capacitor for
coupling the capacitor to the third voltage and for coupling the first end of
the capacitor to ground when the capacitor has been charged to the third
voltage. A coupling circuit is provided for coupling the node to ground
when the charging circuit is charging the capacitor to the third voltage
and for causing the node to be de-coupled from ground when the
charging circuit couples the first end of the capacitor to ground such that
the second voitage is generated and applied to the switching circuit.

The control circuit of the above described voltage switching circuit,
in another embodiment, includes a first capacitor having a first end and a
second end and a second capacitor having a first end and second end.
A first logic circuit is coupled to the first end of each of the first and
second capacitors for alternately coupling the first end of each of the first
and second capacitors to one of (1) the third voltage and (2) ground. A
second logic circuit is coupled to the second end of each of the first and
second capacitors and the switching circuit for alternately coupling the
second end of each of the first and second capacitors to the switching
circuit to generate and apply the second voltage to the switching circuit.

. When the second logic circuit couples the second end of the first
capacitor to the switching circuit and the second end of the second
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BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
- limitation in the figures of the accompanying drawings, in which like
references indicate similar eloments and in which:

Figure 1 shows a prior art floating gate flash EPROM cell;

Figures 2A and 2B show a prior art arrangement of programming
and erasing the flioating gate flash EPROM cell of Figure 1;

Figure 3 shows an arrangement of erasing a floating gate flash
EPROM cell with a negative gate voltage;

Figure 4 shows a flash EPROM that includes word line drivers
that apply the negative gate voltage to gates of the memory cells in
response to a Vgw negative voltage signal during the erasure operation |
of the flash EPROM;

Figure 5 shows the circuit of one of the word line drivers and a
control circuit for generating the Vgw signal of Figure 4 in accordance
with one embodiment of the present invention; :

Figure 6 shows the signal waveform of various signals generated
by the circuits shown in Figure 5;

Figure 7 shows the circuit of the control circuit of Figure 4 in
accordance with another embodiment of the present invention;

Figure 8 shows the signal waveform of various signals generated
by the circuit shown in Figure 7.

DETAILED DESCRIPTION

Figure 3 shows an arrangement of erasing a flash EPROM cell 20
with a negative voltage. As can be seen from Figure 3, the gate of '
memory cell 20 is applied with a negative voltage (i.e., -8 volts) instead
of the ground voltage. in addition, the source of memory cell 20 is
applied with a positive voltage that is substantially lower than a typical
12 volt erasure voltage (i.e., +6 volts). By doing so, the voltage across
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negative voltage switching circuit is required. As will be described in
more detail below, the negative voltage switching circuit, in accordance
with one embodiment of the present invention, generates another (i.e., a
second) negative voltage having a voltage level lower than the first
negative voltage to apply the first negative voltage to the gates ot the/ )
memory cells during the erasure operation. The negative voltage
switching circuit generates the second negative voltage from a positive
voltage such that the flash EPROM does not require duplicate negative
voltage sources for the negative gate erasure. In addition, the negative
voltage switching circuit consumes substantially no power and can be
fabricated using existing CMOS technology. Moreover, the negative
voltage circuit does not consume any power when the first negative
voltage is deselected (i.e., when the first negative voltage is at zero
volts).

Briefly, the negative voitage switching circuit in accordance with
one embodiment of the present invention includes a switching transistor
connected to the first negative voltage. The switching transistor, when
turned on, connects the first negative voltage to the gates of the memory
cells. The negative voltage switching circuit also includes a control
circuit for. generating the second negative voltage to be applied to the
gate of the switching transistor for turning on the switching transistor.
The second negative voltage is generated from a positive voltage. In
one embodiment, the control circuit includes a capacitor, a charging
circuit for selectively coupling the first end of the capacitor to the positive
voltage or ground, and a coupling circuit for coupling the second end of
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The control circuit of the above described voltage switching circuit,

i n anot her enbodi nent, includes a first capacitor having a first end and a
second end and a second capacitor having a first end and second end.

A first logic circuit is coupled to the first end of each of the first and
second capacitors for alternately coupling the first end of each of the

first Y2948 hd capacitors to one of (1) the third vEFTESMOEH (2)
ground. A second logic circuit is coupled to the second end of each
of the first and second capacitors and the switching circuit for
alternately coupling the second end of. each of the first and second
capacitors to the sw tching circuit t® generate and apply the second
voltage to the switching circuit. When the second logic circuit
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switching transistor when the charging circuit couples the first end of the
capacitor to ground. In another embodiment, the control circuit includes
two capacitors coupled to a first logical circuit (i.e., a clock generation
circuit) and a second logic circult (i.e., a cross-coupled circuit). The first .
and second logic circuits cause the capacitors to alternately generate
the negative voltage for turning on the switching transistor. The

negative voltage switching circuit will be described in more detail below,
in conjunction with Figures 4-8. '

Referring now to Figure 4, a flash EPROM 30 is shown that
includes a memory array 40 and an X decoding circuit 31 having the
negative voitage switching circuit (shown in Figures 5 and 7) in
accordance with one embodiment of the present invention. Memory
array 40 includes floating gate flash EPROM cells 42a through 420 that
are located at intersections of word lines WLO through WLn and bit lines
41a through 41e. In addition, the source region of each of memory cells
42a-420 is connected to a common source line 43. Common source '
line 43 is then selectively connected to various voltages via a source
switching circuit (not shown in Figure 4).

Flash EPROM 30 can be used in any kind of computer system or
data processing system. For example, the computer system can be a
personal computer, a notebook computer, a laptop computer, a personal
assistant, a minicomputer, a workstation, a mainframe, a multiprocessor'
computer, or any other type of computer system. In addition, the system
in which flash EPROM 30 is used can be a printer, a cellular phone, a
digital answering system, or any other data storage system.

For one embodiment, fiash EPROM 30 employs MOS circuitry
and all the circuitry of flash EPROM 30 resides on a single
semiconductor substrate. '

As can be seen from Figure 4, decoding circuit 31 is connected to
each of word fines WLO-WLn. Decoding circuit 31 includes an address
decoder 32, a number of word line drivers 33 through 33n, and a control
circuit 51. Each of word line drivers 33-33n is connected to one of the
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circuit 51 and the switching transistor in each of word line drivers 33-33n
form the negative voltage switching circuit of the present invention. -
Figure 5 shows the entire circuit of the negative voltage switching circuit
in-accordance with one embodiment of the present invention, which will
be described in more detail below. Figure 7 shows the circuit of control
circuit 51 of Figure 4 in accordance with another embodiment of the '
present invention, which will also be described in more detail below.
Referring back to Figure 4, flash EPROM 30 also includes other
circuits in addition to memory array 40 and decoding circuit 32. For |
example, flash EPROM 30 also includes a Y decoding circuit connected
to bit lines 41a-41e and an on-chip control and state circuit that controls
memory operations of flash EPROM 30. The control and state circuit is
connected to the decoding circuits and memory array 40 for controlling
the memory operations with respect to memory array 40. Boththe Y
decoding circuit and the control and state circuit can be implemented by
known circuits and their functions are known in the art. For example,
U.S. Patent Nos. 5,369,647 and 5,327,383 describe a control and state
circuit for controlling the memory operation of a flash EPROM.
Moreover, other known-circuits (e.g., the source switching circuit) may
also be.included in flash EPROM 30 to make flash EPROM 30 operative.
The functions and operations of these other known circuits are also

. known in the art. Figure 4 does not show those circuits in order not to
unnecessarily obscure the description of the present invention.
. Memory array 40 shown in Figure 4 can be arranged into a

number of erasure blocks by grouping a number of bit lines or word
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flash EPROM cel |l 20 with a negative voltage. As can be seen from
Figure 3, the gate of menory cell 20 is applied with a negative
voltage (i.e., -8 volts) instead of the ground voltage. In addition,
the source of nmenory cell 20 is applied with a positive voltage that
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gate and source of nenory cell 20 is increased (i.e., higher than 12
vol ts) w thout causing the source-to-gate j_%gction of nmenory cell 20 to
enter into the breakdown region. This erasure is referred to as negative

lines into one block. In that case, the sources of the memory cells within
one block are connected to the common source line of the block.

Various known blocking techniques can be used to divide
memory array 40 into a number of erasure blocks. For exampie, U.S.
Patent Nos. 5,065,364, 5,245,570, and 5,239,505 describe different
blocking structures.

Decoder 32 can be implemented by any known decoding circuit.
During the read or programming operation, decoder 32 receives and
decodes a row address of flash EPROM 30 and selects one of the
XINO-XINn select signals. The selected one of XINO-XINn select signals
then activates its corresponding word line driver to apply the appropriate
voltage onto its corresponding word line. When flash EPROM 30
undergoes the erasure operation, decoder 32 does not receive any row
address and does not assert any of the XINO-XINn select signals.
Control circuit 51 now generates the negative voltage Vsw signal to
each of word line drivers 33-33n to turn on the switching transistor within
each of word line drivers 33-33n to apply the negative voltage Vg from
negative voltage source 35 to each of word lines WLO-WLn. Meanwhile,
a positive erasure voltage Vsg is applied to the source of each of
memory cells 42a-420 via common source line 43. Under these
conditions, each of the memory celis within memory array 40 is erased.

For one embodiment, the negative voltage Vg supplied by
negative voltage source 35 Iis approximately -8.5 volts and the positive
erasure voltage Vsg applied to common source line 43 is approximately
6 volts. Alternatively, the Vg voltage can be higher or lower than -8.5
volits and the Vgg voitage can be higher or lower than 6 volts.

Moreover, negative voltage source 35 may include a negative
voltage charge pump for generating the Vg negative voltage. The
negative voltage charge pump can be any known negative voitage
charge pump.

In accordance with one embodiment of the present invention,
control circuit 51 generates the Vgw negative voltage signal when
desired (i.e., when flash EPROM 30 undergoes the erasure operation).
The voltage level of the Vsw negative voltage is lower than the Vg



gate erasure. The negative gate erasure increases the erasure speed
whi |l @ preventing the source-to-gate junction of the nenory cell from
entering into the breakdown region that is detrinmental to the nmenory

cell. In order to apply a negative voltage to the gates of
menory cells of a flash EPROM during the erasure operation of the

fl ash” EPROV] WO98/41347 nagatjve voltage switching circuit is PEHUSISNE671 Ag
will be described in nore detail below, the negative voltage
switching circuit, in accordance wi th one enbodi ment of the present

I nvention, generates another (i.e., a second) negative voltage having
a voltage level lower than the first negative voltage to apply the
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second negative vol t adiefeningdodtigure & theocirduét of control circuit 51 of Figure 4
and a word line driver 50 is shown. Word line driver 50 can be any one
of word line drivers 33 through 33n of Figure 4. ‘As can be seen from
Figure 5, word line driver 50 includes transistors 56a through 56c
connected in series between a Vpyx power supply voltage and ground.
Transistors 56a and 56b are P-channel transistors with their substrates
connected to the Vpx power supply voltage. Transistor 56¢ is an
N-channel transistor. Transistors 56a and 56¢ together form an inverter.
Transistors 56b serves as an isolation transistor for isolating node 57
from transistor 56¢ in accordance with a BIAS_CLK signal. The gate of
transistors 56a and 56¢ receives the XIN; select signal. The XIN; select
signal can be any one of the XINO-XINn select signals (Figure 4). The
gate of transistor 56b receives the BIAS_CLK control signal. For one
embodiment, the BIAS-CLK signal can be a periodic signal (e.g., a clock
signal). Node 57 is the output node of word line driver 50 and provides
the output voltage Vwi to a word line WL;. Again, word line WL; can be
any one of word lines WLO-WLn (Figure 4).

Word line driver 50 also includes a P-channel transistor 56d
connected between node 57 and negative voltage source 35.
Transistor 56d is the switching transistor of the negative voltage
‘ switching circuit for controlling the application of the negative voltage Vg

from negative voltage source 35 to word line WL at node 57. The gate
of switching transistor 56d receives the Vsw voltage signat from control



gate of the switching transistor for turning on the switching transistor.
The second negative voltage is generated froma positive voltage. In

one enbodi nent, the control circuit includes a capacitor, a charging
circuit for selectively coupling the first end of the capacitor to the

positive vol tage or ground, and a coupling circuit for _coupling: the
second end of wog5"“3%7V\D 96/ 41347 PCT/US96105671
PCT/ US96/ 09671 - 6- t he

capacitor to (1) ground when the charging circuit couples the first

end of the capacitor to the positive voltage and (2) the gate of the

swi tching transistor when the charging circujg. couples the first end of the
capacitor to ground. In another enbodinent, the control circuit includes

. ir . i ' [ e s ration
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first and segnéﬂ'bs'ﬂgb fd alsp gs te; gapnegted do they \px woltagesr nat el y
generate Without the requirement for both positive and negative voltages to

be produced on the word line WL;, word line driver 50 functions as an

inverter and transistor 56d is off while transistor 56b is controlled to be

on by the BIAS_CLK signal. However, when the negative voltage is to

be appiied onto word line WL, via node 57 from negative voltage source

35, isolation transistor 56b is switched off by the BIAS_CLK signal to

isolate node 57 from transistor 56c while switching transistor 56d is .

switched on by the negative voltage Vsw to apply the negative voltage

to word line WL; via node 57.

Alternatively, another P-channel isolation transistor can be added
to word line driver 50. The added P-channel transistor can be
connected between node 57 and P-channel transistor 56a for isolating
node from transistor 56a. '

As can be seen from Figure 5, transistor 56d serves as a switch
for the negative voltage Vg from negative voltage source 35 and does
not consume any power, either when connecting the negative voltage to
node 57 or when not connecting the negative voltage to node 57 from
source 35. '

Control circuit 51 forms another part of the negative voltage
switching circuit. Control circuit 51 generates the negative voltage Vsw
during the erasure operation of flash EPROM 30 (Figure 4) to cause _
switching transistor 56d to apply the Vg negative voltage to the word fine
WL;. As can be seen from Figure 5, control circuit 51 includes a
capacitor 54 having one end (i.e., the negative end) connected to a
node 55 of contro! circuit 51. Capacitor 54 serves as a voltage
translation to convert a positive voltage into a negative voltage. Node
55 is also connected to the gate of switching transistor 56d.

In addition, control circuit 51 also includes a charging circuit 52
connected to the other end (i.e., the positive end) of capacitor 54.
Moreover, control circuit 51 also includes a coupling circuit 53
connected to capacitor 54 via node 55.



the negative voltage for turning on the switching transistor. The

negat.i ve voltage switching circuit will be described in nore detail bel ow,
in conjunction with Figures 4-8. Referring now to Figure 4, a
flash EPROM 30 i s shown that i ncludes a nmenory array 40 and an X
decoding circuit 31 having the negative voltage switching circuit
(shown in Flgdvggﬂﬂﬁﬁnd 7) in accordance with one enboﬂ?ﬁgﬁmmﬁﬁlthe
present invention.- Menory array 40 includes floating gate flash EPROM
cells 42a through 420 that are located at intersections of word |ines
W0 through Wen and bit [ines 4la through 4le. In addition, the
source region of each of nenory cells 42a-420 i s connected to a
comon source |ine 43. Conmon source Tne 43 is then selectively

connected to various voQ t es Vi a u chi circui t (not
shown in Figure 4). rding c'rqgl't;r’:ﬁ%u E@éﬁiﬂfﬂﬁ' é’aﬂ§ r§ ﬁzﬁgw&?\d of
conput er system or 52d. Tram:ﬁtwsm&@a@y&cbmneimammmﬂtmmuter
systemcan be a  gac aR@588HE Nléﬁﬁhﬁeﬂranélstafét Q@@ﬁa@m% eRtadigt OP

conputer, a person M.0i CO FRelation a
mai nfrane, a multi gﬂ’%@'@gs%'fcﬁ%z at "96’1?1%@ ﬂ rilf%‘l 'éqgg @ conput er
system | n additi oinverérand transistors 52b andﬁachtnltfvbuag‘e m\mmﬂansstosed can

beha péi nter, a cekbahad 5BAOThesd two transnaio@sﬁél t@ﬁ§l§%r§@b%ﬁat any
Sﬁpféysatwaossif’? 0 eoUstAnY on,, Transister;52ais ofiftile §be VERa s eﬁpﬁiwl dos.
on a single s¥pp voltager taonoda 52e ead transistor 52d is contnﬂedm &¥swren from
\Ij\llgu\r/\i 4, Dgecgdl NgsighélatidonAdct @'oalgdlttﬁﬁéd#i%%é) The vsmrdhd dﬁ%lwn dalm "

n. codil ng udaes an a I ess ecoder a nu er
of word line drive gérggieli%g%sér%% and a control

For one embodlment the Vswn signal is asserted while the Vswp
signal is deasserted when flash EPROM 30 (Figure 4) is undergoing the
-erasure operation and the Vgwn signal.is deasserted while the Vswp
signal is asserted when flash EPROM 30 is not undergoing the erasure
operation. For another embodiment, the Vswp and Vswn signals can
be alternately asserted during the erasure operation of flash EPROM 30
such that the erasure operation is a pulsed operation.

For one embodiment, the asserted voltage level of the Vgwp
signal, when asserted, is approximately 12 volts and the voltage level of
the Vgwp signal, when not asserted, is approximately 3 volts. in this
case, the voltagé level of the Vswn signal, when asserted, is
approximately 3 volts and, when not asserted, is approximately zero
volts. For one embodiment, the Vpp voltage is approximately 12 volts
and the Vg voltage is approximately 3 voits.

Coupling circuit 53 also includes a number of transistors 53a
through 53d connected in series between the Vg voltage and ground.
Transistors 53a-53c are P-channel transistors and transistor 53d is an
N-channel transistor. Transistors 53a and 53d are controlied by a VRer
signal and transistor 53b is constantly on. Transistor 53¢ is controlled
by the BIAS_CLK signal. Transistors 53a and 53d couple node 55 to
ground and the Vg voltage, respectively, and transistor 53¢ serves as
the isolation transistor to isolate node 55 from ground under control of

: the BIAS_CLK signal. Transistors 53b and 53c also limit the voltage
stresses on transistors 53a and 53d, respectively.



circuit 51. Each of word line drivers 33-33n is connected to one of the
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| i nes W.O-W.n. Each of word |line drivers 33-33n receives a sel ect
signal from decoder 32. For exanple, word line driver 33 recei ves the
XINO sel ect siWRMI¥bm decoder 32. In addition, each of = PCT{§IA%Tne
drivers 33-33n receives a Vsw vol tage signal from control circuit 51.
As will be described in nore detail below the Vsw voltage signal is
a negative voltage for controlling a switching transistor (not shown)
within each of word line drivers 33-33n to ﬁannect a negative ~ vol tage
VG from a negative voltage source 35 to eachof word |ine drivers

ciroult 51 and the st EHP fCRR of Padigp GRILSEIR or1LEharOR GRRSRMNAde 33- 33n

form the negative W Yppyoiage whiengoupling gitcuid53tdoanpctssote 551tcegtound
and then (2) connect node 52e to ground when coupling circuit 53
causes node 55 to be isolated from ground and only connected to the
gate of switching transistor 56d and capacitor 54. By doing so, the Vsw
voltage at node 55 becomes negative. This negative voltage then turns
on switching transistor 56d to apply the Vg negative voltage to node 57.
Coupling circuit 53 then causes node 55 to be connected to ground, _
turning off switching transistor 56d. The function of control circuit 51 to
generate the Vgw negative voltage is described in more detail below,
also in conjunction with Figure 6.

During operation and Initially, the Vswp signal is asserted and
the Vswn signal is deasserted. This turns on transistor 52a and turns off
transistor 52d. As a result, node 52e applies the Vpp voltage to the
positive end of capacitor 54. )

Meanwhile, the VReF signal is logically low (e.g., ground). This
causes node 55 to be connected to the V¢ voltage. This charges
capacitor 54 to approximately 9 volts (i.e., Vpp-Vcc). At this time,
transistor 56d of word line driver 50 is turned off and the XIN; signal is
not asserted and the BIAS_CLK signal causes transistors 53¢ and 56b
to be on. Node 57 in turn is at the ground voltage.

For one embodiment, the BIAS_CLK signal is at approximately -3
volts when asserted and at the ground voltage when not asserted.

Next, the VREF signal goes to the logical high state, which turms
on transistor 53d and turns off transistor 53a. Meanwhile, the
BIAS_CLK signal remains asserted. This causes node 55 to be
connected to ground via transistor 53d, further charging capacitor 54 to
the Vpp voltage (i.e., Vpos is 12 volts), as can be seen from Figure 6.

At this time, transistor 56d remains off and transistor 56b is still
on, causing node 57 to remain at the ground voltage.

Next, the BIAS_CLK signal is deasserted, turning both transistors
53c and 56b off. At this time, node 55 floats while node 57 still assumes
the ground voltage. Then, the Vgwp signal is deasserted and the Vswn
signal is asserted, causing node 52e to be connected to ground via



Figure 5 shows the entire circuit of the negative voltage switching circuit
I n accordance wth one enbodi nent of the present invention, which wll

be described in nore detail below. Figure 7 shows the circuit of control
circuit 51 of Figure 4 in accordance with anot her enbodi nent of the

present invention, which will also be described in nore detail bel ow.
Referring bactV@¥484I,re 4, flash EPROM 30 al so i ncl udes ot HE§TAUSS6/09671
circuits in addition to nenory array.40 and decoding circuit 32. For

exanpl e, flash EPROM 30 al so includes a Y decoding circuit connected

to bit lines 41la-41e and an on-chip control and state circuit that controls
menory operations of flash EPROM 30. The cgﬂ-)t_rol and state circuit is
connected to the decoding circuits and nmenory array 40 for controlling

th ti . ’ J the Y

docodt ng. oi rout ¢ ASitly €od, PTRE huadh (8IS HIGBE of e Bl g by
known circuits andapaeitar §4ia-be ghthegreunchwoltegen Maanwhile, npde 56hashieen
U.S. Patent Nos. distohn6déiédarsngrelihd Botankision 53 a3 duzthbad alfdvé. Atahis

Nor cover | ot her kit oMelRr é?fo@f%tﬂ'éﬂa%%?%@siéiﬁéﬁrﬁ%ﬁ“r cuit) ey
al so be included iaPPIOXiDAtalyERVOS (ke Viems-Vewds pappHon 23wls)hcBacause.
R AT i S iy o b g
onenestor 1o A S BBIE ko i BG4 Sl B
Merory array 40 sHBWRIEH- AR negativexpligge Ysws geereinagative than the ¥anber of
erasure bl ocks by wpitage thgs aumingosr trafsistot 56d toccause the ndgative Vg voltage

to be produced at node 57.

In order to disconnect the negative voltage Vg from node 57 {i.e.,
after the erasure operation), the Vgwp signal is asserted and the Vswn
signal is deasserted. This causes node 52s to be connected to the Vpp
voltage, which in turn causes the Vgw voltage to be the ground voltage,
turning off transistor 56d. At this time, both nodes 55 and 57 are floating
and the Vwy voliage at node 57 remains at the negative Vg voltage.

The BIAS_CLK signal is then asserted, causing both nodes 55
and 57 to be connected to ground via transistors 53d and 56c,
respectively. At this time, node 57 returns to the ground voltage (see
Figure 6).

Referring now to Figure 7, control circuit 70 implements another
embodiment of control circuit 51 of Figure 4. Figure 7 does not show the
circuit of the word line driver, which is shown in Figure 5. As can be
seen from Figure 7, control circuit 70 includes two capacitors 90a and
90b, instead of a single capacitor. In addition, another negative voltage
VnN signal is used in the circuit. A positive voltage Vps signal is also
used in control circuit 70.

For one embodiment, the VN negative voltage swings between
-8.5 volts and zero volts and the CLK signal is a 40 MHz clock signal.
The Vps voltage swings between approximately zero voits and 6 volts.

Control circuit 70 includes two circuit parts: clock generation and
negative voltage creation.- The clock generation part of control circuit 70
includes a two-input NOR gate formed by P-channel transistors 71 and
72 and N-channel transistors 73 and 74 and an inverter formed by
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into one block. In that case, the sources of the nenory cells within

one bl ock are connected to the common source |ine of the bl ock.

Vari ous known bl ocking techni ques can be used to divide nenory array
40 into a nunb¥Po%#134F asure bl ocks. For exanple, U.S. PRET/NBYG§8E!1

5, 065, 364, 5,245,570, and 5, 239,505 describe different bl ocki ng
structures. Decoder 32 can be inplemented by any known decoding
circuit. During the read or programm ng operation, decoder 32 receives
and decodes a row address of flash EPRg§l 30 and sel ects one of the

XI NO- XI Nn sel ect signals. The sel ected one of XINO Xl Nn select signals

then activates its msqme&far@gg%% ﬁ%\gwsgqnaﬁ R &l th 3 HRRE BP" ' 21 ©
xgde?ggegntgelefas ﬁ@%ﬂgg? ghe §@€P“§§9683§e WFePQE%FW@dHHQ r ow-
address and does ntransistoe(ite. dransistort56a of FigurkI8)is tedlectatnes] gmaAbthis time
Control circuit S1ypwgobmRiqalisat & Vons 8Aa e nN bidths Yt 5ot IRRle! ©
71a outputs the output signal of the NOR gate and node 75a applies the
compiement signal of the output of the NOR gate.

The clock generation part of control circuit 70 also includes a
voltage level conversion circuit formed by transistors 79 through 82 for
converting the voltage level of the outputs of the NOR gate and the’
inverter from the V¢ voltage to the Vpg voitage. During the erase
operation, the Vps voltage is at +6 volts. Transistors 79 and 80 are
P-channel transistors and transistors 81 and 82 are N-channe!
transistors. Nodes 78a and 80a produce a pair of complement outputs
of the voltage level conversion circuit. Node 78a is connected to the
positive end of capacitor 90a via an inverter formed by CMOS
transistors 77 and 78. Node 80a is connected to the positive end of
capacitor 90b via an inverter formed by CMOS transistors 83 and 84.
The zero to 6 volt voltage swing of the signals at nodes 78a and 80a are
then shifted to voltage swings of -6 volts to -12 volts by use of capacitors
90a and 90b wnth the help of the negative voitage creation part of control
cireuit 70.

The negative voltage creation part of control circuit 70 includes a
P-channel transistor 89 as a switched load for the negative end of
capacitor 90a and a P-channel transistor 90 as a switched load for the
negative voitage end of capacitor 90b. When node 77a goes to +6 voits
and node 84a goes to ground, transistor 89 is turned on by having its
gate go to -12 volts, thereby connecting the negative end of capacitor
90a to the VNN negative voltage of approximately -8 volts. At this time, a
14 volt charge will be developed on capacitor 90a. When node 77a
then goes to the ground voltage and node 84a goes to +6 volts because
of the CLK signal, the negative end of capacitor 80a (i.e., node 100a)
goes to -12 volts. This is the resulting voltage that will maintain charge
conservation on capacitor 90a. The -12 volt voltage on node 100a is
then transferred to node 91a through P-channel transistor 87, with a



each of word line drivers 33-33n to turn on the switching transistor within
each+.of word line drivers 33-33n to apply the negative voltage V[err] from
negative vol tage source 35 to each of word Iines W.0-W.n. Meanwhile, a
positive erasure voltage V[err] is applied to the source of each of

-menory cells 42a-420 via comon source |ine 43. Under these

condi tions, eWOP6ME3&he nenory cells within nenory array 40 RCIUSPEO%TH

For one enbodi nent, the negative voltage V[err] supplied by negative
vol tage source 35 is approxinmately -8.5 volts and the positive erasure
vol tage VSE applied to common source line 43 is approxi mately 6 volts.

Alternatively, the Verr] voltage can be higher or |lower than -8.5
volts and the VSE vol tage can be hi gher or 1®bwer than 6 volts.

Mor eover, negative vol.tage source 35 may,.inc e ativ vol t age
char ge punp. for odRBIRG HotBReiroe of apart Aol 4 VesB: "HlE crestes apabfve
vol t age char ge pumoltege Vigw eirapproximatalye gt valts. VRigure geshows thehaltgge punp.
I n accordance wit h"gwrmgt‘m% dde present invention, ‘contr ol
o .
P

G e wnen’Tlash. EpROMiEIGH Feptte! trasisRss B and ErHariciyhe same Tpo ' °
vol t age | evel of tdperatjomsrdn thegpihéneomplemegtcloek signalrproduced aenode=803.
Thus, nodes 100a and 100b alternately provide the negative voltage
Vsw at node 91a (as can be seen from Figure 8). '

The negative voltage creation part of control circuit 70 also
includes an off circuit formed by P-channel transistor 91. When the
switching transistor (i.e., transistor 56d in Figure 5) is to be switched off,
the CLK signal is stopped and the Vpgs voltage drops to zero volts and
the Vnn voltage goes to ground. When this occurs, transistor 91 pulls
node 91a to the Vpx voltage which is approximately 3 volts.

P-channel transistors 92 and 93 serve as clamping transistors for
limiting the voltage level at node 91a to approximately 2 volts more
negative than the VNN voltage.

Because the Vgw voltage at node 91a tends not to be affected by
the stray capacitance, control circuit 70 can be used for a relatively large
memory array and can be connected to turn on a large number of
switching transistors. In addition, smaller capacitors are employed for
capacitors 90a and 90b. However, relatively more power is needed to
generate the Vsw negative voltage. In addition, control circuit 70 does
not require the high Vpp voltage to generate the high negative voltage
Vsw. This eliminates voltage stress limiting transistors in the circuit.

Control circuit 51 shown in Figure 5 is particularly suitable to
drive a relatively smaller memory array. This is due to the fact that if a
relatively large number of switching transistors are connected to node
55, the stray capacitance at node 55 may increase. This may cause the
negative voltage Vsw at node 55 to drop. Control circuit 70 shown in
Figure 7 is, however, suitable for a relatively large memory array.
Control circuit 51 of Figure 5 consumes relatively less power to generate
the negative voltage Vsw than control circuit 70 of Figure 7 does.

N Control circuit 51 of Figure 5 requires a single and relatively large
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PCT/ US96/ 09671 negative voltage, thus turning on the swtching
transi stor in each of the word line drivers. Wien the negative voltage
VG is not required, control circuit 51 causes the V[err] signal to be
at a positive voIt e (V[err]), thus turning off the switchin
transistors b@ oupI e the V[err] negative vol t age W&f‘ﬁgf’ﬂ’é'"\/\ord

l'i nes V\LOV\Ln. Figure 5 shows the circuit of control circuit 51
of Figure 4 in - accordance wi th one enbodi nent of the present
invention. Figure 7 shows the circuit of a control circuit 70 which

i npl emrent s anot her enbodi nent of contrgi circuit 51 of Figure 4. The
ci.-rcuits shown in Figures 5 and 7 will De described in nore detail

bel ow. i j . it 51
of Figure 4 ca?%ﬁf?&rr ¢ t}cﬁ CFEIS}W(? PFE@L 6\3&\/&\/@%&?@{&@ teriw‘g

can be any one smaﬂcanﬁcemrs ne drivers 33 through 33n of Figure 4. As can
be seen from . Figune tihe foregéing ispecificdtion tHdinvestioikas béeth@ésdribed S56a

t hrough 56c¢ r] vol t age
and gr ound. I ibiERos o agbe e@@%&ﬁ}%@@%ﬁ nd ‘9‘““@%@@ B wth
their substrates evidentgihata@rioys mpdificationsapd gbangsfmay begnadg thergtoansi st or
56c is an N- adithout depamingi irsne the Broader @ﬁ:ﬁrmcﬁﬁcopymftﬁﬁmvbﬁw her form
an inverter. The specification and drawings are, accordingly, to be regarded in an-

illustrative rather than a restrictive sense.



Transi stors 56b serves as an isolation transistor for isolating node 57
fromitransi stor 56¢ in accordance with a BI AS_ CLK signal . The gate of
transi stors 56a and 56c¢ receives t s SHleéHas B nR signal. The XINerr]
sel ect signal can be any one of T sel ect signals (Figure

4). The ate of transistor 56b IAS CLK control signal.
For one SNt | the BIAS-CL SI gnal can e a peri odPEI¥ m&é;

(e.g., a clock signal). Node 57.is the output node of word line driver
50 and provi des the out put voltage V[err] to a word line Werr].
Again, word line Werr] can be any one of word l[ines WO W.n (Figure
4). - Wrd line driver 50 al so |n??udes a P-channel transistor
56d connect ed between node 57 and negative vol tage source 35.

Transi stor 56d is éigaﬁgg tching transistor of the negative voltage
switching circuit ntrolling the application of the negative voltage
V[err] fromWélghlslqi@ﬂWIlQage source 35 to word line W[err] at node

57. The gate of swmi t cIN Vishalye BWiHchIng cifeoH, é@ﬁﬁigf@s the V[err] voltage
signal from control A a sw:t%gmg cuééZnt for selectively coupling a first voltage

PCT/ US96/ 09671

having a voltage level substantially lower than zero volts to an output of

the switching circuit;

(B) a control circuit coupled to the switching circuit for
controlling the switching circuit to couple the first voltage to the output by
generating a second voltage having a voltage leve!l lower than that of
the first voltage from a third voltage having a voltage level substantially
higher than zero voits.

2. The voltage switching circuit of claim 1, wherein the
switching circuit further comprises a P-channel switching transistor.

3. The voltage switching circuit of claim 1, wherein the control
circuit further comprises

(a) a capacitor having a first end and a second end coupled to
the switching circuit via a node;

(b) acharging circuit coupled to the first end of the capacitor for
charging the capacitor to the third voltage and for coupling the first end of
the capacitor to ground when the capacitor has been charged to the third
voltage;

() acoupling circuit coupled to the second end of the
capacitor and the switching circuit at the node for coupling the node to
ground when the charging circuit is charging the capacitor to the third
voltage, and for cauéing the node to be de-coupled from ground when
the charging circuit couples the first end of the capacitor to ground such
that the second voltage is generated and applied to the switching circuit.

4. The voltage switching circuit of claim 3, wherein the
charging circuit further comprises a first transistor for coupling the first
end of the capacitor to a power supply to charge the capacitor to the third
. voltage and a second transistor for coupling the first end of the capacitor

to ground after the capacitor has been charged to the third voltage.
- 5. The voltage switching circuit of claim 4, wherein the
coupling circuit further comprises a third transistor for coupling the node

L]



-10-' circuit 51. Thus, the V[err] signal controls the sw tching of

transi stor 56d. Transi stor 56d also has its substrate connected to
the V[err] voltage. Wt hout the requirenent for both positive
and negative voltages to THESH& 0B BealRacthe word 1ine W[err], word

and transistor 56d i.s off
on by the Bl ASCEURCEPETL ) |

be applied onto word |ine

while transi st¥P%81347 s control

However, when the negative volt

]

JIARI

l i ne driver 50 functions as an Jﬂ

W.err] via node 57 from negative voltage source 35, isolation

transistor 56b is switched off by the BIAS CLK signal to | sol at e node
57 fromtransistor 56¢ while sw tching trarlg'Bstor 56d is swi t ched on
by. the negative voltage V[err] to apply the negative vol tage to word

line W.err] vian nnel

i sol ation transi stgirjﬁrggﬁd Bvehen tgecf harging é\{r&ﬁﬂ%?héﬁ?ﬁt ‘?%rdo tﬁ%ﬂ" rgdded
P- channel transi st ¥oltagganska fourth trangsister fosisalatingdhea m@aél’mgdeMEmannel
transi stor 56a for thessharging @ircuit couples!thed firsierid efthb Tapacifhde round

the nogat 326307[33]5' ¥?o§3'n4e%a.e %P?@S%'@@%ﬁfé'aﬁég s conol 2,

consume any power , CEGUit{ERhaReemBESAfect i ng t he negative voltage to
node 57 or when not comagactumurstb@mmhamg Hairsta0e énuaeé@orﬁi?eﬁd om

?\g;;tclev25vol t age (Ex.o téﬂt@érﬁ{g’%flﬁsigﬁ@fﬁrnpp%fﬁ @ﬁ@é’at es the

negative voltage V[err]{®) at H‘g %c't’% coupledite re%v&almodtc signal ang:PROM
30 (Figure 4) to ceoupled to the first end of each of the first and second capacitors for

alternately coupling the first end of each of the first and second
capacitors to one of (1} the third voltage and (2) ground under control of
the periodic signal;

(d) a second logic circuit coupled to (1) the second end of each
of the first and second capacitors and (2) the switching circuit for
alternately coupling the second end of each of the first and second
capacitors to the switching circuit, wherein when the second logic circuit
couples the second end of the first capacitor to the switching circuit and
the second end of the second capacitor to a fourth voltage, the first logic
circuit couples the first end of the first capacitor to ground and the first
end of the second capacitor to the third voltage.

7. The voltage switching circuit of claim 6, wherein the second
logic circuit further comprises a plurality of cross-coupled P-channel
transistors.

8. The voitage switching circuit of claim 6, wherein the first
logic circuit further comprises a voltage translation circuit.

9. A voltage switching circuit, comprising:

(A)  a switching circuit having a switching transistor coupled
between a first voltage and an output, wherein the first voltage has a
voltage ilevel substantially lower than zero volts;

(B) a capacitor having a first end and a second end coupled to

.a gate of the switching transistor via a node;

(C) acharging circuit coupled to the first end of the capacitor for

charging the capacitor to a second voltage having a voltage level higher

* c L M S *



switching transistor 56d to apply the V[err] negative voltage to the word

line-. W.[err]. As can be segﬂ_ilgﬂlflgng_ik,ggntroI circuit 51

i hcludes a capacitor 54 having one end (i. t he negative end)
connected to a node 55 of CORtIsRbet RisBeth R E&.d Capacitor 54 serves as
a vol tage translation to conv vol t age |nto a ne%atlve
vol t age. Node WO9413485 | 5 3| so conn m “m 5&@ te of swi tRGH

transi stor 56d. | n addi C|rcuit 51 al so incl udes
a charging circuit 52 connected to the other end (i.e., the positive
end) of capacitor 54. Moreover, control circuit 51 also includes a
coupling circuit 53 connected to cap@féjor 54 via node 55.

WO 96/ 41347
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: when the capacntor has been charged to the second voltage;

(D) acoupling circuit for coupling the node to ground when the
charging circuit is charging the capacitor to the second voltage and for
causing the node to be de-coupled from ground when the charging
circuit couples the first end of the capacitor to ground such that a third
voltage having a voltage level lower than that of the first voltage is _
generated and applied to the gate of the switching transistor to cause the
switching transistor to couple the first voltage to the output. )

10. The voltage switching circuit of claim 9, wherein the
switching transistor is a P-channel transistor.

11.  The voltage switching circuit of claim 10, wherein the

- charging circuit further comprises a first P-channel transistor for coupling’
the first end of the capacitor to a power supply to charge the capacitorto -
the second voltage and a first N-channel transistor for coupling the first
end of the capacitor to ground after the capacitor has been charged to
the second voltage. '

12. The voltage switching circuit of claim 11, wherein the
charging circuit further comprises a pair of CMOS transistors configured
as an inverter for limiting voltage stress at the first end of the capacitor.

13. The voltage switching circuit of claim 12, wherein the
coupling circuit further comprises a second N-channel transistor for
coupling the second end of the capacitor to ground when the charging
circuit is charging the capacitor to the second voltage and a second P-
channel transistor for isolating the node from ground when the charging
circuit couples the first end of the capacitor to ground.

14. The voltage switching circuit of claim 13, wherain the
coupling circuit further comprises a third P-channel transistor for limiting
voltage stress to the second end of the capacitor. '

15. A voltage switching circuit, comprising:

- (A) a switching circuit having a switching transistor coupled
between a first voltage and an output, wherein the first voltage has a
- voltage level substantially lower than zero volts;
(B) a first capacitor having a first end and a second end;

[
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52d. Transistors 52a and 52b are P-channel transistors and transistors
52c and 52d are N-channel transistors. Capacitor 54 is connected to
charging circuit 52 at node 52e. Transistors—S52a-and—52d forman

i nverter and transistors 52b and 52c Tlhith voltage stress on transistors
52a and 52d. Thesg{ tup transistors (i ﬁ %iﬁﬁﬁi‘ﬁpiﬁ@dwb and 52c) a
Vpp vol tage to node 52e and transistor IIH |l ed by a VSWN

re
constantly on.WePHES#5tor 52a is contr rr] si gnBFTUS%M8ETLy ¢t he
signal to connect ground to node 52e. The V[err] and V[err] signals are

al'ternately asserted. For one enbodinent, the V[err] signal is
asserted while the V[err] signal is deggsserted when flash EPROM 30
(Figure 4) is undergoing the erasure operation and the VSWN signal is

deasserted while the V[ gy | ' fes I EPROM 30 i s
not undergoi ng the era[s r)e] asecongg,'g%%?i!t %"nﬁa‘@ﬁgg'ﬁ,%%qg%‘?@,%gﬁﬁﬂgﬁp; the
Verr] and Vierr] signalld camfirstlogic qirsuicouplgdite the Brstend eicpashrafipe first
erasur eI Opgr ation ahd eesrd Eaiecibr3Gor alternattlictolpiag tﬁ@ﬁrsﬁﬁﬁ&bf éa&’féfj fie on
is a pul sed oper at : e | e.asserted

vol tage | evel Ioof tﬁ%ilerceirsffonfi @Pacg?%ﬁém?ﬁvﬂgﬁfggsgfﬁ&&apg h@b’lﬂgo?i mat el y
12 volts and the v¥piaggcevehhighesthan zero yalis apgd(2) preungnal , when not
asserted, is approxi mat{#)y 3asedond.lodio cirbiis coupled te thessecbh@ eH@!df @dehlopvel

of e VO 1 913 ERA5SHe gas o tr sy TERF P o ihAN™; "

Upp Vol tage | s appPRuRIRRiiae gedondad of each of the gaparatons tethe oats efdbe | s

appr oxi mat el y 3 vobwiching transistor such that gl thind voltageuhavin@aabhage velibavera .

punber of transi St iah thafof the first Va8 Sq"é%@raqg@aﬁ%@ﬂuéd\ogﬁé b8fb Gfhgeen the
nsl SLOrs a- are P-cfannel :

g
E/E :Lg s;/glr tsagﬁ datn fg\ﬂéﬁﬂrﬁg}mgggq gorigﬁusing the switching transistor to couple the first
voltage to the output.

'16.- The voltage switching circuit of claim 15, wherein when the
second logic circuit couples the second end of the first capacitor to the
gate of the switching transistor and the second end of the second
capacitor to a fourth voltage, the first logic circuit couples the first end of
the first capacitor to ground and the first end of the second capacitor to
the second voitage.

17.  The voltage switching circuit of claim 15, wherein the
second logic circuit further comprises a plurality of cross-coupled P-
channel transistors. :

18.  The voltage switching circuit of claim 16, wherein the first
logic circuit further comprises

(a) a gate circuit coupled to receive a periodic signal;

(b) a voltage translation circuit coupled to the gate circuit for
aiternately coupling the first end of each of the capacitors to the second
voltage under control of the gate circuit;

(c) afirstinverter coupled between the voitage transiation
circuit and the first end of the first capacitor and a second inverter
coupled between the voltage transiation circuit and the first end of the
second capagcitor. .

19.  The voltage switching circuit of claim 16, further comprising

()] a de-coupling circuit coupled to the gate of the switching
transistor for de-coupling the gate of the switching transistor from a fifth

* c L M S *



N-channel transistor. Transistors 53a and 53d are controlled by a VREF
signal and transistor 53b is constantly on. Transistor 53c is controlled
by the BI ASCLK signal. Transistors 53a and 53d couple node 55 to

ground and the V[err] voltage, respeTtidShed Yas AR LAASI StOr 53C serves as

the i'solation transistor to isolate n und under control of
the Bl AS CLK JYQP##1347r ansi stors 53b m,lom t t he ROVPSNGE9671
stresses on transistors 53a and 53d, r . WO 96/ 41347

PCT/ US96/ 09671 -12-
The function of charge circuit 52 is to (1) charge capacitor 54 to
the Vpp voltage when coupling circuit 53 coppect s node 55 to ground
and then (2) connect node 52e to ground wheh coupling circuit 53

voltage having a voltage level higher than zero volts before the second )
voltage is applied to the gate of the switching transistor;

(i)  a clamping circuit coupled to the gate of the switching
transistor for clamping the gate of the switching transistor above the
fourth voltage having a voltage level lower than the third voltage when
the second logic circuit alternately couples the second end of each of the
capacitors to the gate of the switching transistor.

20. The voltage switching circuit of claim 19, wherein the de-
coupling circuit further comprises a P-channel transistor, wherein the
clamping circuit further comprises a pair of P-channel transistors.

21. A nonvolatile memory, comprising:

(A) a memory cell;

(B) aword line driver coupled to a gate of the memory cell for
selectively coupling a first voltage having a voltage level substantially
lower than zero volts to the gate of the memory cell during a memory
operation of the memory cell;

(C) a control circuit coupled to the word line driver for
controlling the word line driver to couple the first voltage to the gate of
the memory cell by generating a second voltage having a voltage level
lower than that of the first voltage to control the word line driver to couple
the first voltage to the gate of the memory cell, wherein the control circuit
generates the second voltage from a third voltage having a voltage level
substantially higher than zero volts.

22. The nonvolatile memory of claim 21, wherein the word line
driver further comprises

(i) a first P-channel transistor coupled between a power
supply and an output node, wherein the word line driver is coupled to the
gate of the memory cell via the output node;

(ii) a second P-channel transistor having a first end coupled to
the output node;

(iii)  a first N-channel transistor coupled between a second end
of the second P-channel transistor and ground;

* (iv) athird P-channel transistor coupled between the output
node and the first voltage, wherein when the third P-channel transistor

/
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causes node 55 to be isolated fromground and only connected to the

gate of switching transistor 56d and capacitor 54.—By doing so, the V[err]
vol tage at node 55 becones negative. Th| S negatlve vol tage then turns
on switchi ng transistor 56d to apme,ssiibetH:@Bm %¢ vol tage to node 57.

Coupling circuit 53 then causes node ected to ground,

turning of f swWOEHMM7 t r ansi st or 56d of cont r oPCHUBSEM96715 1 ¢ o
generate the V[err] negative voltage escrl ed in nore detail bel ow,
also in conjunction with Figure 6. During operation and
initially, the Verr] signal is asserted and the VSWN signal is
deasserted. This turns on transistor 52a andsturns off transi stor

52d. As a result, node 52e applies the Vpp voltage to the - positive

Fow (€. g gr ound) Couplp the st vanafE L 8 ot e e @r&hﬁa@m@fﬁ’héab{ .
vol tage. This char geannel transistss are tumesloft o isplsteniberautputynote froim the( i .
Verr]-V[err]). AtpéWesstppiand groundran5| stor 56d of word line drlver 50

is turned off and the [‘er serted nd t he BI AS
CLK signal causes transf torﬁ%éé&&%&"%@ﬁmow °fc@8“%§ Biheraipthe eentral ¢
is at the ground veireuiigferther comprises  For one enbodi ment, the BIAS CLK

signal is at approximatgly -&capacitor N&ifg aVilfstrenSard ﬁ%@cé‘r'iujelﬁi chlifledtound

vol t age when not AgRE, xt, the VREF signal goes to the:
| ogi cal high state, V\#‘I ﬁﬂn%cnmwtwaangﬂ 'tran5| stor 53d and turns off

‘transi stor 53a. Meanwhi (B}, t&eharging cispyit coupled imthe firshendhef the capacitor fami s
causes node 55 to biearging the@apacitcrto the Wird Wotlaye and Fereupling theInst énd bher

char gi ng capaci tor h‘ré citor to drBEnd/RRer BHd g%%cﬁ]tbr ﬁ?s bgér? tcfx%rﬁbﬁ %qlﬁ-n @{3@5 )

as can be seen from
remai ns of f and tr!ﬁ?ﬂiﬁ or 56b is still
(c) a coupling circuit coupled to the second end of the

capacitor and-the switching circuit at the node for coupling the node to
ground when the charging circuit is charging the capacitor to the third
voltage, and for causing the node to be de-coupled from ground when
the charging circuit couples the first end of the capacitor to ground such
that the second voltage is generated and applied to the switching circuit.

24. The nonvolatile memory of claim 23, wherein the charging
circuit further comprises a first transistor for coupling the first end of the
capacitor to a power supply to charge the capacitor to the third voltage
and a second transistor for coupling the first end of the capacitor to
ground after the capacitor has been charged to the third voltage.

25. The nonvolatile memory of claim 23, wherein the coupling
circuit further comprises a third transistor for coupling the second end of
the capacitor to ground when the charging circuit is charging the
capacitor to the third voltage and a fourth transistor for isolating the node
from ground when the charging circuit is not charging the capacitor.

, 26. The nonvolatife memory of claim 21, whetein the control
circuit further comprises

(a) a first capacitor having a first end and a second end;

(b) a second capacitor having a first end and second end;

(c) afirst logic circuit coupled to receive a periodic signal and
to the first end of each of the first and second capacitors for alternately

AU



on, causing node 57 to remain at the ground voltage. Next, the
Bl AS'CLK signal is deasserted, turning both transistors 53c and 56b
off. At this time, node 55 floats while node 57 still assunes t he
ground voltage. Then, the V[err] siwi]mieﬂiasﬂmmﬁs&eed and the VSWN

signal is asserted, causing node 52el M”mnlﬁmw to ground via
PCT/US96/09671

WO 96/ 41347 WO 96/41347
PCT/ US96/ 09671 . -13-

transi stor 52d. This causes the V[err] voltage at the positive end of
capacitor 54 to be at the ground voltage. Meanwhile, node 55 has been
di sconnected from ground by transistor 53c,,,as descri bed above. At this
ti.me, however, capacitor 54 still has a voIZPage di fference of

(PR Vi ag Bl s g o hRn Bl b B
(1) the third voltage and (2) ground under control of the periodic signal;

(d) a second logic circuit coupled to (1) the second end of each
of the first and second capacitors and (2) the switching circuit for
alternately coupling the second end of each of the first and second
capacitors to the switching circuit, wherein when the second logic circuit
couples the second end of the first capacitor to the switching circuit and
the second end of the second capacitor to a fourth voltage, the first logic
circuit couples the first ehd of the first capacitor to ground and the first
end of the second capacitor to the third voltage.

27. The nonvolatile memory of claim 26, wherein the second
logic circuit further comprises a piurality of cross-coupled P-channel
transistors. :

28. The nonvolatile memory of claim 21, wherein the first logic
circuit further comprises a voltage translation circuit.

29. The nonvolatile memory of claim 21, wherein the
nonvolatile memory is an-electrically erasable and programmable
memory.

30. The nonvolatite memory of claim 21, wherein the
nonvolatile memoty is used in a computer system.

T



generated and applied to the gate of transistor 56d (see Figure 6 at

timing t1). This negative voltage V[err] is nore negative than the V[err]
voltage, thus turning on transistor 56d to cause the negative VG voltage

to be produced at node 57. : In order to disconnect the negative
vol t age V[errkar m_node 57 (i.e., after the erasure operation), the
V[err] signal g’&?@%’rted and the VSWN signal is deass&‘ﬂ!ﬁ?ﬁmﬂﬂﬂs
causes node 52e to be connected to the Vpp voltage, which in turn
causes the V[err] voltage to be the ground voltage, turning off
transistor 56d. At this tinme, both nodes 55 and 57 are floating and
the VWAL voltage at node 57 renains at the hgative V[err] voltage.

The BIAS CLK signal is then asserted, causing both nodes 55 and 57 to
be connected tosground via transistors 53d and 56c, respectively. At
this tinme, nodev87 returns to the ground voltage (see ' Figure 6).
Referring nowto Ngure 7, control circuit 70 inplenents anot her

enbodi ment of contf®l circuit 51 of Figure 4. Figure 7 does not show the
circurt of the word line driver, which is shown in Figure 5. As can be

seen fromFigure 7, control circuit 70 incluges two capacitors 90a and

90b, instead of a single capacitg R~addi tTion, anoihe+—aegative vol tage
VNN signal is used in the circuig ~~‘\\- pitagel V[err] stgnal is also
used in control circuit 70. ‘ iment, thg V[err]
negati ve vol tage sw ngs between N NN and kzero voltsf and the CLK

signal is a 40 MHz cl ock signal \\\\ $%§] volkaqg sw ngs bet ween
CoRt &1 cirduit 70

approximately zero volts and 6

includes two circuit parts: clocp 1; R Qs. | tivegq voltage
creation. The clock generati on pPERNNS i rcuilt
R i
!
/
/.
/
/
£

SUBSTRATE

Figure 1 (Prior Art)




i ncludes a two-input NOR gate fornmed by P-channel transistors 71 and

72 and N-channel transistors 73 and 74 and an inverter formed by WO
96/ 41347
PCT/ US96/ 09671 -14- CMOS

transi stors 75%@2& The CLK signal is applied to the |nput of t he
NOR gate. The signal is generated when the sw tching ’pﬁﬁﬁ@¢%tor

(i.e., transistor 56d of  Figure 5) is to be turned on. At this tine
the V[err] voltage is at 6 volts and the VNN voltage is at -8.5 volts. Node
71 a outputs the output signal of the NOR gate and node 75a applies the

conpl enent signal of the output of the NOR2#te. The cl ock
generation part of control circuit 70 also includes a voltage |eve
conversion circuit formed by transistors 79 through 82 for converting
the voltage | evel of the outputs of the NOR gate and the i nverter
fromthe V[err] voltage to the V[err] voltage. During the erase
T
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operation, the Vps voltage is at +6 volts. Transistors 79 and 80 are
P-channel transistors and transistors 81 and 82 are N-channel

transi stors. Nodes 78a and 80a produce a pair of conplenent outputs

of the voltage | evel conversion circuit. Node 78a is connected to the
positive end of capacitor 90a via an inverter forned by CMOS

transi stors 77"%ﬁﬂp?§ Node 80a i s connected to the p05|t|vé”§HH”@W*ﬂl
capacitor 90b via an inverter formed by CMOS transistors 83 and 84.

The zero to 6 volt voltage swing of the signals at nodes 78a and 80a are
then shifted to voltage swings of -6 volts to -12 volts by use of
capacitors 90a and 90b with the hel [g/gf the negative voltage creation
part of control circuit 70. The negative voltage creation
part of control circuit 70 includes a P-channel transistor 89 as a
switched | oad for the negative end of capaci tor 90a and a P-channe
transistor 90 as a switched | oad for the negative voltage end of
capaci tor 90b. When node 77a goes to +6 volts and node 84a goes to
ground, transistor 89 is turned on by having its gate go to -12
volts, thereby connecting the negative end of capacitor 90a to the
VNN negative voltage of approximately -8 volts. At this tine, a 14
volt charge will be devel oped on capacitor 90a. Wen node 77a t hen
goes to the ground vol tage and node 84a goes to +6 volts because of
the CLK signal, the negative end of capacitor 90a (i.e., node 100a)

goes to -12 volts. This is the resulting voltage that will namintain charge
conservati on on capacitor 90a. The -12 volt voltage on node 100a is

then transferred to node 91 a through P-channel transistor 87, with a

20
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resulting voltage drop of approximately 2 volts.

671

-15-

This creates a negative

vol tage V[err] of approximately -10 volts. Figure 8 shows the voltage
wavef orm of various vol tages.
88 and 90 perWworgsistdae sane

si gnal

produced at node 80a.

provi de the negative voltage

Fi gure 8).
circuit 70
transi st or

al so

! 91. Wen the
Figure 5) is to be switched off,

Li kew se,

P- channe

operations on the other coFpF

Thus,

transi stors
Bl ock

nodes 100a and 100b alternately

V[err] at node 91 a (as can be seen from
The negative voltage creation part of control

i ncludes an off cir

switching transistor (i.e.
t he CLK si gnal

V[err] voltage drops to zero volts and

grourid. \When thi®l occurs,

transi stor

91 pul

vol tage which is erroxinately 3 volts.
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P-channel transistors 92 and 93 serve as clanping transistors for
lim.ting the voltage | evel at node 91 a to approximately 2 volts nore

negative than the VNN vol t age. Because the V[err] voltage at
hode 91 a tends not to be affected by the stray capacitance control
circuit 70 can be used for a relatively large Menory grLau duaghican be
connect ed t o WO9M4tM7 a | ar ge nunber of swi t ching tranS|stors ﬂ
addition, smaller capacitors are enployed for capacitors 90a and 90b.
However, relatively nore power is needed to generate the V[ferr]
megative voltage. In addition, control circuit 70 does not require
the high Vpp voltage to generate the high 8ati ve vol tage V[err].

This elimnates voltage stress limting transistors in the circuit.

Control circuit 51 shown in Figure 5 is particularly suitable to

drive a relatively smaller nmenory array. This is due to the fact that if a
rel atively large nunber of switching transistors are connected to node

55, the stray capacitance at node 55 may increase. This nay cause the
negative voltage V[err] at node 55 to drop. Control circuit 70 shown in
Figure 7 is, however, suitable for a relatively |arge nenory array.

Control circuit 51 of Figure 5 consuges relatively | ess power to generate
t he negative voltage V[err] than congﬁpl circuit 70 of Figure 7 does.
Control circuit 51 of Figure 5 requi;ig a single and relatively large
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capacitor. Control circuit 70 of Figure 7, however, requires two relatively
smal | capacitors. In the foregoing specification, the
i nvention has been descri bed with reference to specific enbodi nents
thereof. It w MOY#IEver be evi dent that various nodPCTAISPEeNEE and
changes may be nmade thereto wi t hout departing fromthe broader spirit
and scope of the invention. The specification and draw ngs are,
actordingly, to be regarded in an illustrative rather than a
restrictive sense. 17 CLAI MVB: 6/8
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1 1. Avoltage switching circuit, conmprising: 2 (A a |ow power swtching
circuit for selectively coupling a first 3 voltage 4 having a voltage | evel
substantially |ower than zero volts to an output 5 of 6 the |ow power
switching circuit; and 7 (B) a control circuit coupled to the | ow power
switching circuit for 8 controlling the | ow power swi tching giksétobrt O
coupl e the fywobdkmsymartage 9 to 10 the output by generating a. second voltage
having a voltage |level lower 11 than 12 that of the first voltage froma
third voltage having a voltage | evel 13 substantially higher than.zero
volts, the control circuit including first 14 and second capacitors
alternatingly coupled to the | ow power swytghing 15 circuit to generate the
second vol t age. 1 2. The voltage switching circuit of claiml1, wherein
t e | ow power ngmdtching circuit further conprises a P-channel sw tching
transi stor 3 coupl ed between the output of the | ow power switching circuit
and the 4 first vol age.
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1 3. The voltage switching circuit of claiml1, wherein the control 2
circuit 3 further conprises ' 18 4
(@) the first capacitor having a first end and a second end; 5 (b) the
second capacitor having a first end and a second end; 6 (c) a first logic
circuit coupled to receive a periodic signal and coupled 7 to the first
end of each ofW@A¥447 st and second capacitors for 8 alter REAS6/09671
coupling the first end of each of the first and second capacitors to one 10
of 11 (1) the third voltage and (2) ground under control of the periodic
si'gnal; 12 and 13 (d) a second logic circuit coupled to (1) the second
end of each of the 14 first and second cagggitors and (2) the | ow power
switching circuit for 15 alternately coupling the second end of each of
the first and second 16 capacitors to the | ow power switching circuit,
wherejn when the 17 second 18 logic circuit couples the second end of the
first capacitor to the | ow
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19 power switching circuit and the second end of the

20 fourth voltage, the first Fogic circuit couples chREPgAﬁWENFhSﬂEET

first 21

capacitor to ground and the figrst end of the second ghga

NUoAaA o
the 22 third 23 voltage. ~ - 1 4. The voltage sw tching circui Pugf'g% :
cl ai m 3, whegej 1e second | ogic 2 circuit further conprises a plurality
of cross-co hannel

3 transistors coupled between the first and

second capacitors and the 4 fourth 5 vol tage.

19 1 5.

The voltage switching circuit of claim3, wherein the first

logic 2 gircuit AUNbREGeCSWRERINGS citcli®! taArisimgs! ation circuit coupled to
the 3 third voltage, the periodic signal and ground.

2

o N O 0 W

11
12
13
14
15

(A) a low power switching circuit for selectively coupling a first
voltage

having a veitage level substantially lower than zero volts to an output
of

the low power switching circuit; and

(B) a control circuit coupled to the low power switching circuit for

controlling the low power switching circuit to coupie the first voltage
to o ' |

the output by generating a. second voltage having a voitage level lower
than |

that of the first voltage from a third voitage having a voltage level

substantially higher than zero voits, the control circuit including first

and second capacitors alternﬁtlngly coupled to the low power switching
circuit to generate the second voltage.

2. The voltage switching circuit of claim 1, wherein the low power

switching circuit further comprises a P-channel switching transistor

coupled between the output of the low power switching circuit and the

 first = - -

P————

voltage.

3. The voltage switching circuit of claim 1, wherein the control
circult

further comprises
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1 6. . Avoltage switching circuit, conprising: 2 (A) al i %tl
circuit having a switching transistor 3 coupled 4 bet \MREMMENT I%T
and an output, wherein the first voltagge, has a 5 voltage |evel ‘?ga .
substantial Fy | ower than zero volts; 6 (B) a first capacitor havi ng Q prs

d and . & : | \ fdelept d and
Cocond ot (LR R, Candqucd, RRGRG T, TRRCENS o 2 SBRoR i N0 of cach of

the firsts9 (Hnihesseceond mpaéitauohavﬁwgraaﬁrsteendtaid/aCWﬁdﬁgnuhe first end
of .each of 10 t1e 11 first and second capacitors to—one of (1) a second

vol tage Havi (®) & fistViogiagircuit coupledhlogineceiveam pariaslie sigesalaand( egupledund:;

and 14 (E) a secong logi¢ circyit coupled to the second end of each of the
15 capacif or 1o 4he st %Hfé’foﬁ&hé’fswet 8rstnand (saeong: 6aPaCiIorg) 1 natel y 16

coupling %he nd of each of the capacitors to the gate of the 17
Swi t chi n_gétrazt?q'g'tggﬁf:%uch that a third voltage having a voltage | evel 18

| ower 19 gha t fd v, ' i t
gate of t?le %Bhésmé??hiengpsttr%i(gitosft%af%? t@%uﬁ?ﬁgggé\nﬁ?c |ngd’tt%?sar¥§ié|?%r to
couple tih@ 2pffirst voltage to the output.

11 (1) the third voltage and (2) ground under control of the pericdic signal;
12 and

qge——

13 (d) a second logic circuit coupled to (1) the second end of each of the
14 first and second capacitors and (2) thé low power switching circuit for
15 alternately coupling the second end of each of the first and second

16 capacitors to the low power switching circuit, wherein when the

17 second

18 logic circuit couples the second end of the first capacitor to the low

O —

19 powaer switching circuit and the second end of the second capacitor to a

20 fourth voltage, the first logic circuit couples the first end of the first

21 capacitor to ground and the first end of the second capacitor to the
22 third

23 voltage.

4. The-voltage switching circuit of claim 3, wherein the second logic

circuit further comprises a plufality of cross-coupled P-channel

1

2

3 transistors coupled between the first and second capacitors and the
4 fourth

5

voltage.
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20 1.7. The vol tage switching circuit of clai m, swherein when the: gt
2 . logic circuit couples the second end of the first Cap_gp-ifg,t&bEMENgsgﬁ T
3 of .4 the switching transistor and tjee second end of the second

capacitor to 5 a 6 fourth voltage, the first logic circuit coupl&satﬂgvm
first end ofath Lr Lt or _gr LT L he
second cgpaé—t—o‘raﬂ‘é ?‘#’EJQ? %@@3\\%&9‘:‘}@& ng'gg‘"?g—&g&é'#h@%gﬁg%g@é

Swi tching Cidifgdlit 1fthet AdmBriséée4 Shdltdgy thasslaton Ogitéui® cdipléd fo fHat her
corrpriseg aélfdglurglityaéof E?o%g-%oupléedduepchannel 3 t‘rcﬁfjg?g.a. 1 9.
The vol t gge thirdt vohtage.cthia periodic Signah dnd vgreuadn the first |ogic 2

circuit further—TomprisSes 3 (a) a gate circurt coupled to receive a
periodic signal; 4 (b) a voltage translation circuit coupled to the gate .

circuit for al.t er nat el coug\lgir n% the first end of each of the capacitors
to the 61s dA7 v EPag\é"tﬁh CHeWty SPMBNSING gate circuit; and 8 (c¢) a

st i mver 6y YRk ol Shching HbLAIRabng™s! SWitefirtd itidistd

3 coupled

between a first voltage and an output, wherein the first voltage has a
voltage level substantially lower than zero volts;

(B) a first capacitor having a first end and a second end;

(C) a second capacitor having a first end and a second end;

(D) a first logic circuit coupled to the first end of each of the first

O M ~N o » A

and second capacitors for alternately coupling the first end of each of
10 the

11 first and second capacitors to one of (1) a second voitage having a
12 volfage
13 level higher than zero volts and (2) ground; and
14 (E) a second logic circuit coupled to the second end of each of the
15 capacitors and the gate of the switching transistor for alternately
168 coupling the second end of each of the capacitors to the gate of the
17  switching transistor such ihat a third voltage having a voitage level
18 lower = - -
19 than that of the first voltage is generated and applied to the gate of the

20 switching transistor for causing the switching transistor to couple the
21 first voltage to the output.

e
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9 the first end of the first capacitor and a second i nps r il Oy
between 11 the voltage translation circuit and the fi rsﬁm‘%cmgigﬂEET
12 capacitor. ' 21 1 10 .

vol tage swi.tching circuit of claim?7, 28 t her conprising 2 (i) a'2 Ehﬁov 1938
de-coupl ykng £i r G4y ed.. e £ of ' L.ng. t.ransi stqr for
de- coupl hng iheoggé e%gwehg"@\%@n Fﬁésfrogn%‘%gﬁ;riﬂ%%%@ Wheﬁhmf \?%Ff’iae 5
havi ng agvolibgie cireut! chimIBS! i e ot Sthie Hipstesd pcifdtc ge 6

is 7 applied 90 the gate %’P twg\g\nc%ﬁi ng transi s't or; gﬁr’]cd 8 f(Hiji(i?ygééctléarrpi ng
circuit @upded to the gate of the switching transistor 9 for clanping the
gate of the switching transistor above the fourth 10 voltage 11 having a

vol t age ldevethel switehing transistoniangl the wegendhend 19fethse seaand capagitor 1®

circuit agteénately coupl es the second end of each of the capacitors to 14
t he

6 fourth voltage, the first logic circuit couples the first end of the first

7 capacitor to ground and the first end of the second capacitor to the
8 second
9

voltage.

1 8. The voltage switching circuit of claim 6, wherein the second logic

2 circuit further comprises a plurality of cross-coupled P-channel
3 transistors. | |

1 9. The voitage switching circuit of claim 7, wherein the first logic
2 circuit further comprises

3 (a) a gate circuit coupled o receive a periodic signal;

4 (b) a voltage transiation circuit coupled to the gate circuit for
5 alternately coupling the first end of each of the capacitors to the
) .
7

8

9

second

voltage under control of the gate circuit; and

P iy

(c) a first inverter coupled between the voltage translation circuit and
the first end of the first capacitor and a second inverter coupled

10 between

11 the voltage transiation circuit and the first end of the second
12 capacitor.

« ¢ L M 8§



15 gate of the 'switching transistor. 1 11: The vol (agﬂ_A@EMEN;T bHEET

circuit of claim 10, wherein the decoupling 2 circuit further c ri ses
P-channel transjstor, wherein the clanping 3 circuit further comrtg)

pai r of P-channel transistors. 1 12 A nonvol atil e nmenory, corrprl SI ng
2 (A a nem ver .cou Jedtoa ate
of (t%e nérmrlyozcel-H‘e YP“#éﬁ )sw@lg%g E"I%Vﬁg f@%ﬁﬂbmg“ Fgf“ 2% ge hagl ng

8 G B 19 650 L S i

menor
22 8

(Ch a tepndé-ouplinguitie ng&@' Gfi the &switchingd tﬂansfstdr ifvemn BOfifttont rol 1 i ng
the 9 word line drlver to couple the first voltage to the gate of the

menory 1@ oeditagd by generating a second voltage having a voltage |evel
| ower thasn t hat of

having a voltage level higher than zero volts before the second voltage
6 is _

7 applied to the gate of the switching transistor; and

8 (ii) a clamping circuit coupled to the gate of the switching transistor
9 for clamping the gate of the switching transistor above the fourth

10 voltage

11 having a voltage level lower than the third voltage when the second

12 logic

13 circuit alternately couples the second end of each of the capacitors to
14 the

15 gate of the switching transistor.

1 11, The voltage switching circuit of claim 10, wherein the decoupling
2 circuit further comprises a P-channel transistor, whérein the clamping
3 circuit further comprises a pair of P-channel transistors.

1 12. A nonvolatile memory, comprising:

2 (A) a memory cell;

3 (B) a low power word line driver coupled to a gate of the memory cell
4 for '

5 selectively coupling a first voltage having a'voltage level substantially
) .

7

lower than zero volts to the gate of the memory cell during a memory
operation of the memory cell; and

AR



12 the first voltage fo controt the word line driver
13 voltage to the gate of "the nenory cell, wherein tth@MCEMEND‘ SHEET
generate the second voltage froma thi rd vol tage having a voltage

g 86y 1998
~ substantially higher than zero volts, 4% control circuit | ncl udi g first

19 and. Booges £ BBkl gulae ﬁecﬁ’*n@lq‘i?n% s $8¢ et litd AH o °

12, wher gi n & WRBIdHVEE nsl r&d{gﬂe AnbUfiish NVolfejEP td 8 éa{é bt qn&l

fdmo
P—channel transi stor coupl ed tween a power ‘supply and an out put WOde,
wher ei n1ohe g@iid |ine driver is coupled to the gate of the 5 nenory cell

via the out put node; 6 (ii) a second P-channel transistor having a first

end couplled by gemerating aumgpndddmage ba?lnll a voltagesievel dawendhanr thadiaft or
coupl ed et en,a sec

ground; 1 e §rsh ?Rgg?e{]"r d"’Ptr@I'lalHﬁe I $c|ond B‘g}g%ﬁ%@ %&ﬁﬁe ?ﬁrté ﬁgd

t t
‘Biﬁzinnéfédfriﬂs. 35 tld Gate ' e heifBry e, WAgHTn oW ROnAP Sl ¢ e
first angd seg@ﬂ@ka?e hangetond %Ithgé”ﬁbﬁ\t &/ fhird %lt&%@qga\ﬁﬁé 4 Vditagkicvel Ne

out put node Tromthe power pply 6 and gr
15 substantially higher than zero volts, the control circuit including first

16 and second capagcitors alternatingly coupled to the word line driver to
17 generate the second voltage. '

1 43~ The nonvolatile memory of claim 12, wherein the word line driver
2 further comprises ,

3 (i) a first P-channel transistor coupled between a power supply and an
4 output node, wherein the word line driver is coupled to the gate of the
5§ memory cell via the output node; |

6 (ii) a second P-chan'nél transistor having a first end coupled to the

7 output node;

8 (iii) a first N-channel transistor coupled between a second end of the

9 second P-channel transistor and ground; and

10 (iv) a third P-channel transistor coupled between the output node and
11 the = -°

12 first voltage, wherein when the third P-channel transistor couples the
13 first wvoltage to the output nade, the first and second P-channsl

14 transistors are turned off to isolate the output node from the power
15 supply

16 and ground.

_—
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23 1 14 The® nonvol atile nmenory of claim 12, wherei.n the, cgnt
2 further conprises 3 (a) the first capaC|tor havi ng._;P ENE&{%ELF

second end; 4 (b) the second capacitor having a first end and a second

end; 5 (c) a first logic circuit couplad to receive a periodic ¢ 8 NQVaIi988
to the 6 .first end of each of the first and second capacitors for
alternately 7 coupling the first end of each of the first and second

capaci t ons oneTﬂe sbnolafie) rﬁé}ﬁoiyl”'lof cblaﬁerh teRewhBfein 2thes corfrdl Wirdalt

control of t e periodic signal; 10 "and (dy a second logic circuit
coupl ed @ (furthére casupridesnd of each of the 12 first and second

capacitors and (2) .the word line driver for alternately 13 coupling the
second e of@)ctienfitst ¢apagitor having %é’&;nﬂn‘éaﬂﬁgslat gecond endd; the 15 word

| d wh th 16 d
o ¢ e b BabbErST R S 55'1%3&'1# SSQURE b socond ond
f 18 t t t
01,18, 18 SFECRAIORG B, el 100" ddRdd SinACHHG ) 4L
end of the 2firstsef@nEi @ARACLF Qhet first end fﬁéc@nuobééﬂﬁtors for alternately

7 coupling the first end of each of the first and second capacitors to one
8 of

8 (1) the third voltage and (2) ground under control of the periodic signal;
10 and '

o m————

11 (d) a second logic circuit coupled to (1) the second end of each of the

12 first and second capacitors and (2) the word line driver for alternately

13 coupling the second end of each of the first and second capacitors to
14 the

15 word line driver, wherein when the second logic circuit couples the
16 second |

17 end of the first capacitor to the word line driver and the second end of

18 the second capacitor to a fourth voltage, the first logic circuit couples
19 the first end of the first capacitor to ground and the first end of the
20 second capacitor to the third voitage.

1 15. The nonvolatile memory of claim 14, whersin the second logic
2 circuit |

38 further comprises a plurality of cross-coupled P-channel transistors
4

coupled between the first and second capacitors and the fourth voltage.

R



1 15. The nonvolatile rrermry of” cl ai m 14, wherei’ WMIS%ET —

circuit 3 further conprises a pIurallty of Cross-
transistors 4 coupled between the firsj, and second capacitors ai2d8t NGV 1938

fourth voltage. 24 1 16. The
nonvol atyi*l MO ) a0 %e}agl thel fiest’ 3 further
corrprl ées :1% tggg @?%@Faﬁlg?\edé}eﬁfc?nu%@ﬁ to the third éﬁlsq;%)l tage, the

peri odi @ sig@iraluignd ground. 1 17. The nonvolatile nerrory of claim12,
wherein the nonvolatile 2 nmenory is 3 an electrically erasable and
pr ogr ambl hxrtfmmmmpnses 18 .voltage transtsition icircuitngeypled &0 athe thirdwherein

t he nonvolatldeZme ?
oltage, the penodc signal and ground.

17. The nonvolatile memory of claim 12, wherein the nonvolatile
memory is |

an electrically erasable and programmable memoty.

18.  The nonvolatile memory of claim 12, wherein the nonvolatile
2 memory Is

3 used in a computer system.
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3 used in a conputer is‘tystem
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