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LOW-TO-HIGH VOLTAGE CMOS DRIVER CIRCUIT FOR
_ - DRIVING CAPACITIVE LOADS

15 ThlS 1nvent10n relates to hlgh speed

- 1ow-to~high
voltage CMOS driver c1rcu1ts 'for dr1v1ng capaclty loads.

Semiconductor integrated circuits employ output driver
20 circuits to drive capacitive loads.

One example use of an
output driver circuit is to drive row select lines in a
semiconductor memory array.

Conventional output driver circuits utilize
25 complementary metal-on-semicond_uctor (CMOS) technology. A
conventional CMOS output circuit includes a p-channél MoS
(PMOS) transistor coupled between voltage and an output
node, and an n-channel MOS (NMOS)
between the output node and ground.
30 :

_transistor coupled
enables the PMOS transistor to be
transistor is

The CMOS design
"on" while the NMOS
"off", and vice versa, in response to a
single input signal. When the PMOS transistor 1is "on" and
the NMOS transistor is
outputs a voltage.
35

lloffll R
" off"

the CMOS driver circuit
Conversely, when the PMOS transistor is
and the NMOS transistor is "on",
CMOS driver circuit is grounded.

the output of the

One drawback inhereént in the de51gn of conventional

CMOS output driver circuits is that during the rail-to-rail
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voltage swing at the input, there exists a period of time
when both the PMOS and NMOS transistors are "on". This
dual activation condition causes a phenomenon known as
"crossing current" which wastes power.

This invention provides a high speed, low-to-high
voltage . CMOS driver " circuit which eliminates or
substantially reduces crossing current in an effort to
conserve power.

Preferred embodiments of -the.invention are described -
below with referenée_ to: the _following.waccdmpénying

drawings.

Fig. 1 is a schematic of a low-to-high CMOS driver

circuit according to a first preferred embodiment of this

invention. The.CMOS driver circuit comprises a CMOS output
stage, an input stage, and an intermediate voltage
translation stage. '

Fig. 2 is a timing diagram illustrating the signals
input to, and output from, the CMOS output stage of the
CMOS driver circuit of Fig. 1. '

Fig. 3 is a timing diagram of signals generated by the
input stage and used to control the intermediate voltage
translation stage of the CMOS driver circuit of Fig. 1.

Fig. 4 illustrates current spikes generated during
transition between low voltage output and high voltage

‘output of the CMOS driver circuit in Fig. 1.

Fig. 5 is a schematic of a low-to-high voltage CMOS

driver circuit according to a second embodiment of this

invention.
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Fig. 6 is a schematic of a 1ow¥to—high voltage CMOS
driver circuit according to a third embodiment of this
invention.

Fig. 7 is a schematic of a low-to-high voltage CMOS
driver circuit according to a fourth embodiment of this
invention.

This disclosure of the invention is submitted in
furtheranc‘e of the constitutional purposes of ‘the U.S.
Patent Laws "to promote the progress of science and useful
arts". U.S. Constltutlon, Article 1, Sectlon 8. R |

This invention concerns a high'speed CMOS device for

'driving a capacitive load. The CMOS device includes a CMOS

output stage having an  NMOS transistor and a  PMOS
transistor coupled between a first voltage level, such as
ground, and a second voltage level, such as Vccp. The CMOS
output stage provides an output signal that swings between

‘the first and second voltage levels depending upon whether

the NMOS and PMOS transistors are "on" or "off".

The CMOS device further includes an output stage
control means for receiving an input signal indicative of
a desired output signal. - The output stage control means
generates first and second independent control signals
which are used to selectively activate the transistors in

~ the CMOS output stage. That is, the first independent

control signal is coupled to turn "on" and "off" the NMOS
transistor, and the second independent control signal is

- coupled to turn "on" and "off" the PMOS transistor. The

output stage control. means. turns "off" the presently
activated transistor-’befo:e_ turning "on" the presehtly
inactive transistor. . In this manner, the output stage
control means independently activates the NMOS and'PMOS
transistors in a time-~staggered manner to minimize crossing
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current in the CMOS output stage. This in turn saves power
which would otherwise be lost due to crossing current.

Fig. 1 shows a high speed, low-to-high voltage CMOS
driver circuit 10 according to a most preferred embodiment
of this invention. CMOS driver circuit 10 is designed to
drive a capacitive load. One example capacitive load is a
global row select line in a semiconductor memory arréy.
CMOS driver circuit 10 ~translates a low voltage input
signal RSEL which swings between Vcc (e.g., 2.5 volts) and
ground to a high voltage output signal-xRSEL-that swings

between Vccp (e.g., 4.0 volts) and ground. The notation

"RSEL" denotes "row select" in keeping with the example of

‘driving a global row select line in a semiconductor nemory

device. The notation "XRESL" denotes a voltage translated
version of the RSEL signal. The notation "Vccp" is
customary to denote a higher voltage or pumped-up 1ével
above Vcc.

CMOS driver circuit 10 includes a CMOS'cutpﬁt stage
12, an input stage 14, and a low crossing current
intermediate voltage translation stage 16 coupled between
the input and output stages. CMOS driver circuit 10 also
has a driver input 18 which receives the low voltage input
signal RSEL and a driver output 20 which outputs the high
voltage output signal XRSEL.

CMOS output stage 12 has a first NMOS transistor M2
vhich has a source-to-drain path coupled between driver
output 20 and a first Voltage level or ground. CMOS output
stage 12 also has a first PMOS transistor Ml which has a
source-to-drain path coupled between a second voltage
level, or Veccp, and driver output 20. The two transiétors
in the CMOS output stage 12 are controlled by two
independent control signals G1 and G2. When the PMOS
transistor M1 is "on" and the NMOS transistor M2 is "off",
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the output. signa1  on driver output 20 is at Vccp.'
Conversely, whén_the PMOS transistor M1 is "off" and the
NMOS transistor M2 is ”on"; the output signal XRSEL at
driver output 20 is at ground. 1In this manner, the output
signal XRSEL swings between Vccp and grdund.

Input stage '14' is coupled to driver input 18 and
receives input signal RSEL which swings between ground and
a third voltage level, or Vcc. Input stage 14 generates at
least two, and preferably three, independent control
signals based upon input sighal RSEL. In the Flg. 1
embodlment, input stage 14 generates a first control s1gnal
Gl, a second control signal H1, and a third control signal

H2. The first'control signal 61 is input directly to

output stage 12 to control the gate, and thereby activate_
or deactivate, the NMOS transistor M2. The remaining two

_control signals H1 and H2 are input to intermediate voltage

translation stage 16, as described below in more detail.

Input stage 14 includes a latch 22 which generates
control signals Gl and Hl. Latch 22 is. preferably
configured as a cross-coupled NOR gate latch having NOR
gates 24 and 26. Input stage 14 also includes an invefter

28 to 1n1t1ally invert input s:Lgnal RSEL and a second

1nverter 30 coupled between the first inverter and the

 input of NOR gate 26.

Intermediate voltage translation stage 16 is coupled
between input stage 14 and output stage 12. The voltage
translation stage receives two internal control signals H1l

-and H2 from the input stage, ‘and uses these control signals

to generate an independent, higher voltage activation
control signal G2. This control signal G2 is utilized to
control the PMOS transistor M1 of output stage 12. Due to

the inherent delay time that it takes input signal RSEL to

propagate through input stage 14 and intermediate voltage
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translation stage 16, the control signal G2 is time
staggéred f:om'control signal Gl1. As a result, control
signals G1 and G2 independently turn Yon" and Y“off" the
CMOS transistors of output stage 12. This independent
control minimizes or eliminates crossing current in the
CMOS output stage. ‘

Intermediate voltage'translatidn_stage 16 includes a
pair of cross~coupled PMOS transistors M5 and M6. A first
PMOS transistor'_Ms “has a source-to~drain path coupled
between Vccp and a first node H3.  The sEcdnd_ PMOS
transistor M6 has a source-to-drain path ‘coupled: between
Vecp and an output node G2 which is coupled to the gate of .
PMOS transistor M1 in output stége'lz.' The gate of second
PMOS - transistor M6 is cdupled to node H3 and the gate of
first PMOS transistor M5 is coupled to output node G2 to

-form the cross-coupled PMOS transistqr.structure.

Intermediate voltage translation stage 16 also
includes a first NMOS control transistor M3 which has a
source-toFdréin path coupled between node H3 and dground.
The gate of control transistor M3 is coupled to receive the
third internal control signal H2 from input stage 14. A
second NMOS control transistor M4 has a source-to-drain
path coupled between output node G2 and ground. The gate'
of this second control transistor M4 is coupled to receive
the second internal control signal H1 from input stagé 14.

Control transistors M3 and M4 control the pair of
cross—coupled PMOS transistors M5 and M6 to alternately
output at output node G2 an internal control signal that
swings betweeh.Vcdp and ground. Internal signals G2 and H2
selectively turn "on" and "off" control transistors M3 and

‘M4 in an alternating, out-of-phase fashion. When control

transistor M3 is "on" and control transistor M4 is "off",
first node H3 is grounded, thereby turning "on" PMOS
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transistor M6. The Vcep voltage is. thus placed at output
node G2, keeping PMOS transistor M5 in an "off" state.

Wheﬁ control transistor M4 is "on" and jcontroi
trahsistor.M3 is . voffm, output-npde'Gz is grounded and
first PMOS transistor M5 is turned "on". Second PMOS
transistor Mé is turned "off". Intermediate stage 16
outputs a ground level voltage at output node G2.

According to another aspect of this invention,
intermediate voltage.'translation circuit 16 includes NMOS
precharge transistors M7 and M8. -A;first-NMDs precharge
transistor M7 which has a gate goﬁpied to the gate of
second NMOS control transistor M4 and to input stage 14.
Prechafge transistor M7 is selectively activated by second
internal control signai H1. Precharge transistor M7 has a
source-to-drain path coupled between Vcc and first node H3.
Similarly, a second NMOS precharge ﬁfansistor M8 has a gate
coupled to the gate of first NMOS control transistor M3 and
to input stage 14. Precharge transistor M8 is selectively
activated by third internal control signal H2. Precharge
transistor M8 has a source-to-drain path coupled between
Vec and output node G2. | '

The precharge transistors M7 and M8 raise respective

‘nodes H3 and G2 toward Vcc before the cross-coupled PMOS

transistors M5 and Mé turn "on" to further increase the.
voltage levels at those nodes to Vccp. For example, when
internal control signal H1 goes high to turn "on" control
transistor M4, it simultaneously turns "on" precharge
transistor M7. As_a result, first node H3 begins to rise
from ground towards Vcc. Within a minor time delay, PMOS
transistor M5 is turned "on" to further raise the voltage
level at first node H3 to Vccp. The precharge transistor Ms
does essentially the same function for output node G2.
These precharge transistors help minimize crossing current
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through intermediate voltage translatlon stage 16 during
trans1t10n. '

Precharge transistors =~ M7 and __M8 form one.
implementation of a. precharge means for precharging the

pair of cross-coupled transistors M5 and M6 to facilitate
transition during toggle between the two output states.

Oother gate arrangements besides the single NMOS transistors
shown can' also be used to preeharge the respective nodes.
Example alternatives might include PMOS transistors, pass
circuits having a combination PMOS and NMOS tran51stors, or
other equivalent structures. ' B

Fig. 2 111ustrates a timing dlagram of the 1ndependent
control signals Gl and G2 used to activate respectlve'
transistors M2 and M1 in CMOS output stage 12. The timing
diagram shows a first transition of output sighal XRSEL
from ground to Vccp (e.g., 4.0 volts) and a second
transition from Vccp back to ground. During the first
transition, independent control sighal Gl goes low to first
turn "off" NMOS transistor M2. Subsequently,'the second
independent control signal G2 goes low to turn "on"™ FPMOS
transistor M1. Due to the time-staggered nature of these
two signals, output stage 12 experiences little or no
crossing current during the transition. Accordingly, the.
operation conserves power by avoiding the crossing current.

During the secend transition, second independent
control signal G2 returns high to first turn "Yoff" PMOS .
transistor Ml. Subsequently, first independent control

' signal Gl returns high to thereby turn "on" NMOS transistor
M2. ' Again, the time-staggered nature of these two

independent control signals prevents crossing current
durlng the tran51tlon.
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Fig. 3 illustrates the timing diagram of the internal
control '_'signals Gl, H1l, and H2. It is noted that

independent control signal G1 follows internal control

signal:- H2 with a slight lag caused by propagation delay .

through two semiconductor gates. Internal control signal ™

H1l is inversely out-of-phase with control signals G1 and
H2. With H1 and H2 out-of-phase, control transistors M3 and
M4 are alternately "on" and "off". Fig. 3" also shows the
voltage at first node H3 which sw1ngs from ground to Vccp
(e.g., 4.0 volts) o

‘Fig. 4 shows the. load current spikes measured ‘at
output stage 12 which occur dur:.ng the trans:.t:.ons shown in
Figs. 2 and 3. These load current spikes - represent the
current flowing throﬁg_h either PMOS transistor M1 -or NMOS
transistor M2 into a capacitive 1load. If no crossing
current existed, current -spikes_ 41 and 43 would be
eliminated. It is noted that the second current spike 42
has a slightly larger amplitude than the first current
spike 40, indicating that the output stage did experienc'e
slightly higher crossing current on the high to 1low
transition. However, the circuit design of this inverition
effectlvely minimizes such condltlons.

'_It is further noted that the cCMOS driver circuit 10
minimizes crossing current in the intermediate voltage
translation stage 16. Accordlngly, the circuit effectlvely
eliminates or substantlally reduces cross:l.ng current in’
both the output stage 12 and the intermediate stage 16.

Fig. ‘5 illustrates a low-to-high voltage cMOS driver
circuit 50 accordlng to a second : embodiment of “this

llnventlon. CMOS driver c1rcu1t 50 1ncludes output stage

12, intermediate voltage translation stage 16, and an input
stage 52. CMOS driver circuit 50 differs from CMOS driver
circuit 10 of Fig. 1 in that input stage 52 includes a.
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cross-coupled NAND gate latch 54 hav1ng a first NAND gate
56 and a second NAND gate 58. Input stage 52 further

includes 1nverters_60 and 62 on the ffont end of NAND gate
latch 54, and inverters 64 and 66 on the back end of the

- NAND gate latch. . According to this _construction, input

stage 52 outputs three different control signals A, B, and
C L] . .

'NAND'gate latch 52 of driver circuit 50 in Fig. 5
substantially reduces crossing current in intermediate

'stage 16 and output'stage 12, but not quite to the same
_extent as the NOR gate latch in driverJCi:cuit-lo.of Fig.

i.  Accordingly, the Fig. 5 embodiment is slightly less

preferred than the embodiment of Fig. 1.

_ Fig.-G_illustfates a low-to-high voltage CMOS driver
circuit 70 according to a third embodiment of this
invention. = The CMOS driver circuit 70 differs from the
circuits of Figs. 1 and 5 in that the intermediate and
output ' stages are combined. That is, the same PMOS
transistor M1 functions as an output transistor in the
output stage as well as one. of the. cross—coupled
transistors in the intermediate stage. Additionally, the
NMOS transistor M2 has a’ dual function of an output
transistor in the output stage and as a control trans:.stor.
for the intermediate stage.

More specifically, CMOS driver circuit 70 -includes a
driver inputf72,-ajdriver output'74, an output stage 76, an
input stage 78, and an intermediate voltage translation
stage 80. A first PMOS transistor M1 has a source-to-drain
path coupled between Veep and driver output 74. The gate
of PMOS transistor M1 defines a first node 82. A first
NMOS' tran51stor M2 has a source-to-drain path coupled

between driver output 74 and ground. The gate of NMOS

transistor Mz 1s,coupled to input stage 78. A second PMOS
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transistorjM3 has a source-to-drain path coupled: between

Vecp and first node 82. A second NMOS transistor M4 has a

source-to-drain path _coupl_e'd between first node 82 and.
ground. ' o ' '

PMOS transistor M1 and NMOS transistor M2 define
output stage 76. Additionally, . transistors M1-M4 define
intermediate voltage translation stage 80. Accordingly,
transistors M1 and M2 have dual roles in this circuit.

Input stage 78 generates two mutually exclus1ve

signals D and E which are coupled ‘o™ operate “NMOS

transistors M2 and M4. . Input stage 78 comprises a first

- inverter 84 coupled between driver input 72 and a second

node 86, and a. second inverter 88jcoupled between second

‘node 86 and the gate of NMOS transistor M2. Second node 86

is tied to the gate of NMOS transistor Ma4.

In the Fig. 6 embodiment, intermediate voltage
translation stage 80 also includes a third NMOS transistor
M5 and a fourth NMOS transistor M6. Transistors M5 and Mé

- have source-to-drain paths coupled in_series between Vecc

and first node 82. The gate of third transistor M5 is
coupled to driver input 72 and the gate of fourth
transistor Mé is coupled to Vccp,_ Transistors M5 and M6
act to precharge node 82 in an effort to facilitate toggle
transition of the cross-coupled PMOS'transistors M1l and M3,
in a manner s1m11ar to that descrlbed above with ‘respect to
Fig. 1. '

Fig. 7 illustrates a low-to-high voltage cMOS driver
circuit 90 :aCQording._to- a- fourthgnembodiment of this
inventiona..Driver_cirouit 90 is similar to circuit 70 of
Fig. 6, but has afslightlj-different construction in the
intermediate voltage translation stage 92 and the input
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- stage 94. _oniy-the'differences in this circuit as compared

to the circuit of Fig. 6 will be described in detail.

Intermediate voltage'tranelation_stage 92 includes a
fifth NMOS transistor M7 and sixth NMOS transistor Ms.
Transistors M?Iand M8 have source-to-drain paths coupled in
series between Vcc and driver output 74. Fifth transistor
M7 has a gate tied to the gdte of transistor M4 and to node
86. The gate of sixth transistor M8 is coupled to Vccp.
Transistors M7 _and M8 'funotion to. precharge the

: cross-coupled PMOS tran51stors of . 1ntermed1ate voltage
4=$trans1atlon stage 92 by prellmlnarily brlnging ‘the voltage
‘at the drlver output node 74 to Vcc._

Input stage 94 h‘as a NOR 'gat'e 96 coupled ‘between

driver input'72'and second node 86, and inverter 88. NOR

gate 96 has 'a second input coupled;to'receive a second
control signal CSG.

The high .speed, low-to—high voltage CMOS driver
circuits of this invention are advantageous over prior art

output driver circuits in that the output stage is driven

by independent control s1gnals which turn "off" the
activated transistor before turning "on" the inactive
transistor. In this manner, crossing current within the
output stage is minimized or eliminated. The circuit
therefore conserves power by avoiding cross-current during
signal swings.- | '

.. In COmpIiance with the statute, the invention has been
described in language more or less specific as to
structural and “methodical _features.: It is to bej'
understood, however, that the invention is not limited to
the specific_features shown and_described, since the means
herein disclosed comprise preferredfforms_of putting the

invention into effect. The invention is, therefore,
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claimed in any .:o.f its forms or 'modifichatioris' within the
proper scope. of the appended claims appropriately
interpreted in accordance with the doctrine of equivalents.



e W

. CLAIMS:

1. A CMOS drlver clrcult for dr1v1ng a capac1t1ve
1oad compr1s1ng. | _ .

a CMOS output stage hav1ng a PMOS trans1stor and. an
NMOS transistor CQupled between first and second
voltagedlevels, the_CMOS.output stage providing
an output signal*that swings between the first
and second voltage 1evels, .

an 1nput stage coupled to recelve an 1nput s1gna1 that'
st.ngs - between the fJ.rst_ voltage level and ‘a
third voltage level that is less than tne second
voltage level,' the input stage generating at
least first and second independent controli
signals based upon the 1nput 51gnal the first
control signal being used to activate one
transistor of the cMos output stage; and

an intermediate voltage translation stage coupled
between the'input'and'output stages, the voltage
translation_stage'receiving the second control
-signal.from the input_stage and using the second

_ control‘signalnto generate an activation signal
at the 'second 'uoltage level, the activation
' signal activating the other'transistor of the
.-CMOS output stage at a dlfferent time than the
1nput stage actlvates the one transistor of the
CMOS outputgstage to:thereby minimize crOSSlng

current in_the CMOS output stage.
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2. 'TheiCMQS”driver:circuit-of.claim 1 wherein:

the input _stage'-is -coupled"to' activate - the NMOS
transistor'in;thegcmos output.stage; and

the intermediate voltage translation stage is'coﬁpled

.5 - . to activate ‘the 'PMOS_'transistor in the cMOS

output stage.

3. The CMOS driver circuit of claim 1 wherein the
1nput stage includes a. latch to. generate the first and_

10 "second control s1gnals.

4. 'The CMOS driver circuit of claim 1 wherein the
input stage includes a cross-coupled NOR gate latch to
generate the first and second control signals.

15 _.

5. The CMOs driver circuit of claim 1 wherein'tne

input stage includes a cross-coupled NAND gate latch to

generate the first and second control signals.

20 6. The CMOS driver circuit of claim 1 wherein'the
1nput stage 1nc1udes ser1a11y connected inverters Whlch.

generate the first and second control _signals.

7; " The CMOS driver c1rcu1t of clalm 1 wherein:
25 the 1nput stage generates a thlrd ‘control s1gna1-'and"
| the 1ntermed1ate voltage translatlon stage 1ncludes a

pa1r of cross-coupled trans1stors Whlch are.



10

15

20

25

o TR

operablea controlled by7 the_'second_ and thirda

control signals from the input stage.

8. The CMOS.driver'circuit-of claim 1 wherein the
intermediate voltage translatlon stage comprlses.
a pair of cross—coupled trans1stors hav1ng 1nverse1y
related output states, -
- first and second control trans1stors connected to the
. palr of cross-coupled trans1stors to. toggle the
. output states, and -
precharge means for precharglng the pair of cross-_
coupled transistors to facilitate transition

during toggle between the output states.

9. The CMOS dtiver circuit of claim 1 wherein the
intermediate voltage translation stage includes a pair of
cross-coupled PMOS transistors, the intermediate voltage
translation stage. being coupled to activate the PMOS

transistor in the CMOS output stage.
10. The CMOS drlver c1rcu1t of claim 9 whereln the
PMOS transistor in . the CMOS output stage is one of the

trans1stors in the pair of cross-coupled PMOS transistors.-

11. A'low-to-high voltage CMOS driver circuit for

driving a capacitive' load, the CMOS driver circuit

- translating aIIOW'voltage input signal that swings between
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Vcc and ground to a.high voltage oufput signai that swings
between Vececp and grdund, where Vdcp‘S Vcc; the_CMoS_driver-'
circuit cdmprising: | | |
| a driver input_which receiveéithe low voltage input -
| signal;. _ | |
a driver output Which'outputs the high_voltage-outpﬁt_
signal} _ i
a CMOS output stage having a PMOS transistor and an
fNMOS_trénsistor, the Ehbs¥transistorfhaving a
gété and a_source—to-draiﬁ”péth coupléd.betﬁéen
Vcép-énd'the'driVer output, the NMOS transistor
' having a gate and a source-to~drain path coupled
between the driver output and ground;
an input stage coupled to the driver input and having
first, second, and third outputs, the inputlstage
generating'three_different signals and outputting
them over the three outputs, the first output of
the input.étage'being connected to the gate of
the NMOS transistor in the output stage; and
an intermediate voltage 'trahslation stage coupled
between the input énd output stages, the
.intermediafe voltage " translation stage
comprising:
a paif of firét_and secOnd-cross-coupled PMOS
fransiétors, the first PMOS 'tfénsistdr |
having a gatefapd a source-to-drain coupled

' between Vccp and a first node, the second
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‘ PMOS transistor having-_é. .g‘ate and .a sburce-

_' to-drain pa.th coupled between Vccp and an

output n.ode,. the gate of the second PMOS

' transistor being cdupied to the first node -

‘and the gai:e -of _the. first PMOS ‘transistor

being coupléd to the output node to form the

dfosé-coupled PMOS transistor structure, the.

.- output node being coupled to the gate of the

PMOS tranéiéto‘f in gthe___;.ou_t-put sta_.é'e‘_; - .

a .fifsi; NMOS control ﬁrahéistbr .haifing a .'.gate.

l-_cou'plec_l. to the third output of the. input

Stage and a’ sourc’é-_—toadraiﬁ pa{:h coupled |
between the first node and ground; and

a second NMOS control transistor having a gate

coupled to the second output of the input

stage and a source-to-drain coupled between

the .output node and ground.

12. A .low-to—high voltage CMOS driver <circuit
according to -clﬁim- 11 whﬁefein the intermediate voitage
translation stagé further _comprises: |
a first NMOS precharge_ trariSistor having a gate
coﬁpled to the second NMOS' control transistor and
a. source-to-drain path coupled betwe'en Vee and
" the first node ; and )

a .second NMOS _precharge. transistor having a gate

coupled to the first NMOS control transistor and
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a source-~to-drain path cohpied-between.Vcc and

the output node.

13. A low-to-~high voltage CMOS driver circuit for

driving a capacitive 1load, the CMOS driver circuit

trahslating a low voltage input signal that swings between

Vce and ground to a high voltege output signal that swings

. between Vccp and ground, where Vccp > Vcc, the CMOS driver

-uclrcult compr1s1ng'

a driver 1nput whlch receives the low voltage 1nput

s1gna1,

P

a driver output which outputs the high voltage output

signal;

a first PMOS transistor having a gate and a source-to-
drain path coupled between VCcpiand the driver
output, the gate defining a first node;

a first NMOS transietor having'a gate and a soﬁrce-to—

- drain path coupled between the driver output and
ground; .

a second PMOS transistor having a gate coupled to the
driver output and a source-to~drain path cbupled
between Veep and the firsﬁ node;

a second NMOS transietor having a gate and a source-
to~-drain path coup;ed between the first node and
grouhd; and |

an input staée coupled to the driver input and having

first and second outputs coupled to respective
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.gates'of the first and second NMOS'transisto:s,
the input stage generating two mutually exclusive
‘signals and outputting the signals on the first

and second outputsL

14. A low—to-hlgh voltage CMOS driver circuit
accordlng to clalm '13 wherein the 1nput stage includes:

a first inverter coupled between the driver input and

‘a, second node, the second node belng coupled to;{"

the gate of the second NMOS trans1stor, and -
' a second 1nverter coupled between the second node'and

the gate of the first NMOS transistor.

15. A low—to—high voltage CMOS driver circuit

according to claim 13 wherein the input stage includes:

a NOR gate between the driuer input and a second node,
the second node being coupled_to the gate of the
second NMOS transistor; and

an inverter coupled between the second node -and. the

gate of the first NMOS transistor.

16. A low-to-high 'voltage CMOS driver circuit
according to claim 13_furthef comprisingﬁ

third and fourth NMOS transistors having respective

gates and source-to-drain paths coupled in series

between Vcc and the first node, the gate of the

third NMOS transistor being coupled to the driver

This Sheet Has Been Rerlaced :

v w

oW

w



[ RECEIVED @6/20 8@:1% 1995 AT 5330694 2 (PRINTED PABE 2) 1
. @86-19/95 11:109 ARNOLD WHITE DURKEE -> 5330694 _ ‘NO.8@8 PEBD2

-
| Sheet Has Been Re laced

oy =i MR \IH

input and the gate of the fourth NMOS transistor

being coupled to Vecep.

17. A low-to-high voltage CMOS driver circuit

8 according to claim 13 further comprising:
third and fourth NMOS transistors having respective
= gates and source-to-drain paths doupled in series

between Vcc and the first node, the gate of the

_ third NMOsS transistor being coupled to the driver

I 10 input and the gate of the fourth NMOS transistor
being coupled to Veecp; and

fifth and sixth NMOS transistors having respective

gates and source-to-drain paths coupled in series

between Vcc and the driver output, the gate of

: 15 the fifth NMOS transistor being coupled to the
& P first output of the input stage and the gate of
g ; ' the sixth NMOS transistor being coupled to Veep.
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