LCNVTCEHLGH VCLTAGE CMOS DRIVER CIRCUI T FOR DRI VI NG CAPACI TI VE LOADS Thi s

I nvehdtion relates to high speed, | omn‘ﬁéimi"gh valk e CMOS driver circuits
for driving capacity |oads. Sem conductor integrat'ed circuits 'e?&jagé/ out put
driver circuits to drive.capacitive |oads. One exanple use of a P 1
~driver circuit-is to dgive row sel ect |ines—ina-seniconduct-or nmenory
array. Conventi onal output- -~ driver circuits _utili ze conpl enentary

met al - on- sem conduct or (GVMOS) technol ogy. ATk out put
circuit includes a p- channel ‘MOS (PMOS). transi 1 bet ween vol tage
and an outgput node, and an. n-channel MOS (N coupl ed between .
t he out put node and ground. The CMOS desi gn enabl es the PMOS transi stor

to be "on" while the NMOS transistor is "of f", ‘and vice versa, in response
to a single input signal. Wien the PMOS transistor is "on" and '

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

15 ' This invention relates to high speed, - ldw;tdﬂ#hiqh |
voltage CMOS driver circuits for driving capacity loads.

Semiconductor integrated circuits employ output driver

20 circuits to drive capacitive loads. One example use of an

outptit 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) transistor coupled

-between the output node and ground.' The CMOS design

30 enables the PMOS transistor to be "on" while the NMOS

transistor is "off", and vice versa, in response to a

single input signal. When the PMOS transistor is "on" and |

the NMOS transistor is "“off", the CMOS driver circuit

outputs a voltage. Conversely, when the PMOS transistor is

35 "off" and the NMOS transistor is "on", the output of the
CMOS driver circuit is grounded. '

One drawback inherent in the design of conventional
CMOS output driver circuits is that during the rail-to-rail



the NMOG_ transistor is "off", the CMOS driver circuit outputs a voltage.
Conversely, when the PMOS transistor is "off" and the NMOS transistor is
"on", the output of the CMOS driver circuit is grounded. One drawback

i nherent in the design-of conventional=ZMOS out put driver circuits is that
during the rail-to-rail -2- 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 phenonmenon known as_ "crossing current” which
wast es power. 5 This inventio ovides,a hjgh speed, |owto;hi.gh_vol.tage
s Griver voTfade; i 8F Bhe) iRRire, thdge BRises' 2 pePica0e " Rind

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
substahtially reduces crossing current in an effort to
conserve power.

10 : . )

Preferred embodiments of -the.invention are described -
below with referénce_'to: the _followihg.waccdmpéhying
drawings. R '

15 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. '

20 | .

. 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. '

25 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
30 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
35 invention. '



substaniial l'y reduces crossing.current in an effort to conserve power.
Pref erred enbodi nents of the invention are described below with refe
to the followng acconpanylng drawi ngs. 15 . Fig. 1 is a schemtic
of a lowto-high CMOS driver circuit &tcording to a first preferred

enbodi nrent of this invention.
out put st age,

an input stage, ~and an internediate voltage

transl ation stage. 20 Fig. 2 is a timng diagramillustrating the sign
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of Fig. 1. 25
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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

10
rence

The CMOS driver circuit conprises a CMOS

al s
rcuit
y the

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.

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

30

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

35

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



transl ation stage of the CMOS driver circuit of Fig. 1. Fig. 4 illustrates
curirent spikes generated during 30 transition between | ow vol tage out put
and high voltage output of the CMOS driver circuit in Fig. 1. Fig. 5is a’
schematic of a |owto-high voltage CMX3-driver circuit according to a
second enbodi nent of this 35 i nventi on. -3- Fig. 6 is a schemati.c of a
| ow-t 0-hi gh voltage CMOS driver circuit according to a third enbodi nent of
this invention. 5 Fig. 7 is a schematic of a lowto-high voltage
VS driver cig gl dn@SG0% e SubBHE Be&GR Y HRY 58] £hl® albe Lodly

which would otherwise be lost due to crossing current.

. Fig. 1 shows a high speed, low-to-high voltage CMOS
5  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
10 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
15 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.

20 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

25 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

30 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

35 independent control signals G1 and G2. When the PMOS
' transistor M1 is "on" and the NMOS transistor M2 is "off",



This dis¢losure of the invention is submtted in 10 furtherance of the
constitutional purposes of the U S Patent Laws "to pronpte the progress of
sci ence and useful arts". US.  .Constitution, Article 1, Section 8. This

i nvention concerns.a high speed CMOS d&®rce for 15 driving a capacitive

| oad.. The CMOS device includes a CMOS output stage having an NMOS :
transistor and a PMOS transistor coupled between a first voltage |.evel,
such as ground, and a second voltage |evel, such as Vccp. The CMOS output

st age provides oy si ge haf . sw . het 0.,,the first

second vol tagetﬁgvegéeﬁ{elﬁeng?_ﬁéa&poénmm%?gg?Pt h% azn%l &%att?ar@%'ors
‘are "on" or "ofphverkelgMoghéayitde RMQhetranslskivs Mh bdat fofLfSt agdl ddre rol
means for receNMbQQﬁ%&ﬂdﬂ&ﬂaﬁ'ﬁ@ahé'“B£ﬁ4'¥ﬁe0Bu%§utf%f&ﬁéieﬂkgﬂhmgt
'signal. The. output stage control neans generates fjrst and second

i ndependent cofifA8PTsPYRRIE dRi i aFegticREdt o TRIEtks Man efot itha outrut

transistors insignal XRSEL swings between Vccp and ground. :

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
10 least two, and preferably three, independent control
signals based upon input sighal RSEL. In the Fig. 1
embodiment, input stage 14 generates a first control-signal
Gl, a second control signal H1l, and a third control signal

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

15 output stage 12 to control the gafe, 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.

20 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 initially invert input signal RSEL and a second

25 invertér 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

- 30 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:Ml of 6utput-stage 12. Due to

35  the inherent delay time that it takes input signal RSEL to

propagate through input stage 14 and intermediate voltage



t he CMOg§ out put st age. That is, the first independent control signal is
coupled to turn "on" and "of f" the NMOS 30 transi stor, and the second

i ndependent control signal is coupled to turn "on" .and "off" ‘the PMOS
transistor. The output stage ‘control=8means turns . "of f" the presently
activated transistor before turning "on" the presently inactive transistor.
In this manner, the output stage 35 control neans independently activates
the NMOS and PMOS transistors in a tinme-staggered manner ‘to mnininze .
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speed, |owto-stagyersd ageoﬂveénﬁroldrsmgna]cmrw t ARO acresdil.hg tcmrd;mﬂst L
preferred e”b%ﬁdﬁﬂﬁs Gl and G2 independently turn on" and Y“off" the
' ' CMOS transistors of output stage 12. . This independent
5 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

- 10 PMOS transistor M5 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 Gz'which is coupled to the gate of .

PMOS transistor M1 in output stage 12. The gate of second

15 PMOS transistor M6 is coupled 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

20 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
25 path coupled between output node G2 and ground. The gate'
of this second control transistor M4 is coupled to receive

the second 1nterna1 control 51gna1 Hl from input stage 14.

_ Control transistors M3 and M4 control the pair of
30 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

35 transistor M3 is "on" and control transistor M4 is "off",
| first node H3 is grounded, thereby turning "on" PMOS



of this invention. CIVDS driver circuit 10 is designed to drive a capaC|t|ve
1 oad? One exanple capacitive load is a global row select line in a

sem conductor nenory array. CMOS driver circuit 10 translates a Iom/voltage
‘input 10  signal RSEL which swings betWeen Vcc (e.g., 2.5 volts) and
ground to a high vol tage output signal XRSEL that sw ngs between Vccp _
(e.g., 4.0 volts) and ground. The notation "RSEL" denotes "row select" in
keeping. with the eXaane of- driving a gl obal -row select line in a

sem conduct or evi Gf ' XRESL ! not es volta
transl ated version ofkgﬁel%SEL Si gr}gbep Q%Iﬂﬁa{?? ta?agﬁ‘l % ed ?g eH P’(}ﬁary
to ‘denot e -a hi §ede ¢3I,t kgeprdngp FMOSI tipnisdesioralsvdnven. "Eﬁf" stateCMOS

driver circuit 10 includes a CMOS out put stage 12, an input stage 14,

and a low crossin current internediate voltage trans!atlon stage 16
coupl ed bet ween thewgﬁﬁutCQHHrGthGFa§F&§§9r M dsi vienti randt contired

5 transistor M3 is "off", output node G2 is grounded and

| first PMOS tran51stor'M5 is turned "on". Second PMOS

transistor Mé is turned "off". Intermediate stage 16
outputs a ground level voltage at output node G2.

10 According to another aspect of this invention,
intermediate voltage.'translation circuit 16 includes NMOS
precharge transistors M7 and M8.a-A;firSt-NMDs precharge
transistor M7 which has a gate goupied to the gate of
second NMOS control transistor M4 and to input stage 14.

15 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 tfansistor M8 has a gate
coupled to the gate of first NMOS control transistor M3 and

20 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
Vce and output node G2. -

25 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

30 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

35 does essentially the same function for output node G2.
These precharge transistors help minimize crossing current



has a driver input 18 which receives the | ow voltage input 25 - signal RSEL
and a driver output 20 which outputs the high vol tage output signal XRSEL.
CMOS out put, stage 12 has a first NMOS transistor M2 which has a
source-to-drain path coupled between dPBVEY 30 output 20 and a first

vol tage | evel..or ground. CMOS output stage 12 al'so has a. first PMOS
transistor M which has a source-to-drain path coupled between a second

vol tage | evel, or Vccp, and driver . output 20. The two transistors in the

CMOS output stage 12 are control lL.ed by two 35 i ndependent control signals
Gﬂ and wﬁgﬁ opgh ﬁMﬁ?qﬂgﬂiﬁtﬁ(ﬁg%ﬁag% tBﬂnsﬁﬂﬁg?HesﬁﬁﬁS thear@using
' "off"".__-Brahbetloanut signal on driver output 20 is at Vccp.

Precharge transistors = M7 and " . M8 form one.
5 implementation of a. precharge means. for precharging the
 pair of cross-coupled transistors M5 and Mé to facilitate
transition during toggle between the two output states.
Oother gate arrangements besides the single NMOS tran_sistors'
shown can' also be used to preeharge the respective nodes.
10 Example alternatives might include PMOS transistors, pass
circuits having a combination PMOS and NMOS tran51stors, or
other equivalent structures. ' T

_ Fig. 2 111ustrates a timing dlagram of the 1ndependent
15 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
20 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
25 crossing current during the transition. Accordingly, the.
operation conserves power by avoiding the crossing current.

Dufing the secend transition, second independent

control signal G2 returns high to first turn "Yoff" PMOS .

30 transistor ML1. Subsequently, first independent control

' signal G1 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.

35



Converseky, when the PMOS transistor M is "off" and the NMOS transistor M2
is "on", the output signal XRSEL at driver output 20 is at ground. In this
manner, the output 5 - signal XRSEL swnég between Vccp and ground. I nput =
stage 14 is coupled to driver input 18 2Hd receives input signal RSEL which .
swi ngs between ground-and .a third voltage level, or Vcc.. |nput stage 14
generates at 10 least two, .and preferably three |ndependent contr ol
si gnal s ‘based upon i nput signal RSEL. In the Fig. 1 -enbodiment, input

stage '14- generates gifg %t 199.'Hsrﬂijah i MWe CéjJ.mi?llgs Fﬁgag'aﬁlogélehes Hﬁggrngi
and a third control signa ) I rst contro na
directly to. 15°°“§&Fﬂut5§8§@é512Gﬂo thbroPn@héﬁﬁate Jahdlﬁhenebpdacthaate

or deactivate, indegdideny aBsheE61 N%ldﬁﬁr@malﬂwlﬁ%wfsv\ﬂlml{ﬁ égﬂ'e%i HL

d H2 t, 10.i ate vth e.transl ation stage , escCri
helon i o mor o fgnRt 5 e qgsiﬁgecfhlsﬁﬂclh;’dér%m%&‘&wfzzdﬁﬂﬁxh

generates 5 through two semiconductor gates. Internal control signal ~
Hl is inversely out-of-phase with control s1gna1s Gl 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
10 (e.g., 4.0 volts) ' '

‘Fig. 4 shows the. load current spikes measured ‘at

output stage 12 which occur during the trans1tions shown in

- Figs. 2 and 3. These load current spikes. represent the

15 current flowing through either PMOS transistor Ml;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

20 spike 40, indicating that the output stage did experience

slightly higher crossing current on the high to low

transition. However, the circuit design of this inverition
effectively minimizes such condltions.

. 25 : '_It is further noted that the cCMOS driver circuit 10

- minimizes crossing current in the intermediate voltage

translation stage 16. Accordingly, the circuit effectively

eliminates or substantially reduces cross:l.ng current in’
both the output stage 12 and the intermediate stage 16.
30 | . S . o : )

Fig. 5 illustrates a low-to-high voltage cMOS driver

circuit 50 according to a second : embodiment of “this

llnvention. CMOS driver c1rcu1t 50 1ncludes output stage

12, intermediate voltage translation stage 16, and an input

35 stage 52. CMOS driver circuit 50 differs from CMOs driver

circuit 10 of Fig. 1 in that input stage 52 :mcludes a.



control *, signals -GlL and Hi. Latch 22 is preferably configured as a
cross-coupl ed NOR gate |l atch having NOR gates 24 and 26. |nput stage 14
-al so includes an inverter-28 to |n|t|aI|¥ irnvert -i nput signal RSEL and a
second 25 -inverter 30 coupl ed betweefl®hie first inverter and the input of
NOR gate 26. Internediate voltage transiation stage 16 i s coupled between-

i nput stage 14 and out put stage 12. The vol tage 30 transl ation stage
receives two internal control signals HlL and H2 fromthe input st age, and

h C I
nerivat on confraresraiB e RadE GEkta80n BICRRVIGH! & LA B8
the PMOS transbét @ndV af segopdt NMNyegate @&e t drgiit stegenhdr durtheny

time that it takesuhBRUINnSLHPS s L drfd R2OBAJEHE £REREMhd PRI Ut
and |nterned|ate vol t age

- latch 54, and 1nverters 64 and 66 on the back end of the

5 - NAND gate latch. Accordlng to this _construction, input

' stage 52 outputs three different control signals A, B, and

C.

'NAND'gate latch 52 of driver circuit 50 in Fig. 5
10 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 driver circuit 10 of Fig.
1.  Accordingly, the Fig. 5 embodlment is sllghtly less
-preferred than the embodiment of Fig. 1.
~ Fig. 6 illustrates 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
20 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
25 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

30 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 deflnes a first node 82. A first

L NMOS tran51stor M2 has a source-to-drain path coupled
- 35 between drlver output 74 and ground. The gate of NMOS
- transistor Mz 1s,coupled to input stage 78. A second PMOS



-6- translation stage 16, the control si gnal & is tinme staggered
fromcontrol signal GlL. As a result; control signals Gl and G2 - _ _
i ndependently turn "on" and "off" the CMOS transistors of out put stage 12_
This independent 5 control nininizes ©¥l2lininates crossing current in
the CMOS out put stage. |ntermediate voltage translation stage 16 incl udes a -
pair - of cross-coupled PMOS transistors Mo and M6, ~Afirst 10 PMOS

transi stor M6 has a source-to-drain path coupl ed between Vccp and a first

node H3. The .SEEONG MPps t SISt ur.c p _
coupl edbet ween Vccp and&an ou%lgg no etge%c%aﬁs oaﬁc dg‘f@i?%egﬁgf'gef}f_
PMOS transi st orVIRP iahdEinat. ﬁ% 82 Pheegend UM0§e§Uﬁusistoer;)Shas a -

transistor M Is:‘om&llwl-dfhmdpakéﬁ aéEh;Bi‘é‘d gﬁEﬁweénf 'ffﬁfstp'\%éraé‘zs' aha"
Mb is coupled to outé)ut node &2t _ |

5
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.

10

' Input stage 78 generates two mutually exc1u51ve

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

15 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
20 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 Vee
and first node 82. The gate of third transistor M5 is
coupled to driver input 72 and the gate of fourth
25 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. ' '
30 | | L
Fig. 7 illustrates a low-to-high voltage CMOS driver
circuit 90 :aCQording._to- a- fourthgnembodiment of this
inventiona..Driver_cirouit 90 is eimilar to circuit 70 of
_ Fig. 6, but has afslightlj-different construction in the
35  intermediate voltage translation stage 92 and the input



forn1the cross-coupl ed PMOS transistor structure. I nt er nedi at'e voltage

transl ation. stage 16 also 20 I ncl udes a first NMOS control transi'stor
MB whi ch has a source-to-drain path coup| ed bet ween node H3 and ground ~The.
gate of control transistor M3 is coupl To receive the third interna

control 5|gnal H2 frominput stage 14. A_s_econd 'NMOS .control - transistor M4
has a source-to-drain 25 - -path coupl ed between output node G and ground.
The gate of ‘this second control transistor Mi.is coupled to- recel ve the

second internaky £§’é‘t§40| %h@.i}athé'ldiff&éﬁé’&é fltlaﬂ?lsldt:l]@ﬂi.tﬁ Us oMb S

MB and M4 contr ol pai.r; ., _cross-coupled PMOS transi stors ‘and Mo
to alternatel yt‘btﬁ%tmaﬁc"blﬁ pﬁﬁ %e e ighl jbp desgriked 1 tmbl- t hat
swi ngs between Vccp and ground, Internal signals & and H2 sel ectlvel y turn

o o?“shasszazﬁ:‘zip% LA N e e M 8 B0 SRR S Lo
transi stob M4 fifthf NMpS tran51stor M7 and sixth 'NMOS transistor MS.
Transistors M7 and M8 have source-—to-draln 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 Ms is coupled to Vccp.
10 Transistors M7 _and M8 'funotion to precharge the
: cross-coupled PMOS trans:.stors of . 1ntermed1ate VOltage
: -.;'.'-translatlon stage 92 by prellmlnarily brlnging ‘the voltage .
‘at the dr:.ver output node 74 to Vcc. _ ' '

15 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.

20 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

25 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.- | ' '

30 .. 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 be .
understood, however, that the invention. is not limited to
~ the specific fea’tures shown and _descr:_l_bed, since the means
35 herein disclosed comprise preferred.-:'forms_ of putting the
" invention into effect. The invention is, therefore,



4

flrst node H3 is ‘grounded, thereby turning "on" PMOS -7- transistor M.
The “Vcep. voltage is thus placed at output node @&, keeplng PNCS transi st or
M6 in an "off" state. Wen control tranS|stor M is "on" and control
5 transistor MB is "off", output nodé3® is grounded and first PMOS

transistor Mo is turned "on".  Second PMOS transistor M6 is turned "of f".
Internediate- stage 16 outputs a ground | evel voltage at output node G2.
10 : According to another aspect - of this invention, internediate

V0|tage tfans'%ha@%éarfﬂ'Sn}GoE“%ﬁ§“¥b£ﬁ£berﬁBhi%Q%aE&@%@fﬁfEﬁiﬁWtﬁBd
MB. A first NMOXS precharge ttansistor M/ which has a gate coupled to the

gate of secondHﬂﬂB?anﬁ??PetrQﬁmfﬁ%ﬁ VBPRABAEE | ﬁ&ﬁ“@ﬁag%PRK°Prlately

interpreted in accordance with the doctrlne of egquivalents.



15 Precharge transistor M/ is selectlvely activated by second I nt er nal
control signal Hl. Precharge transistor M/ has ‘a source-to-drain path

coupl ed between Vcc and first node H3. Sinmilarly, a- secm“ﬁmnﬂﬂmﬂ
transistor M has a. gate coupled to theJdate of- first l

transi stor M3 and 20 to input stage 14. Precharge transistort MB i§
selectlvely acti-vated by third internal control: signal H2. Precharge
transistor- M8 ‘has ‘a source-to-drain path coupled between Vcc-and output
node- @. 25 7'CLAIﬁghe prechar ge transistors M/ and MB raise respective
nodes FB and GZtoward Vcc before the cross-coupled PMOS transistors Ms and
M6 turn "on" to further increase the voltage |evels at those nodes'to Vccep.
For exanpl e, :when interng mr&hééﬁné&rlé&i@%ﬂ“d&wﬂné U&“cagabi‘&&%ro'
30 transistor M4, it sinmultaneously turns  "on precharge transistor
M/. As a resul lpatd,r sompedeikg:begins to rlse fron1ground tomards Vbc

Wthin a mnor tinme delay, PM3S -
.5 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 signai*that swings between the first
and second voltage 1evels, .
_10'-. u an 1nput stage coupled to recelve an 1nput s1gna1 that'
. swlngs.between the flrst_voltage level and-a
third voltage level that is less than the second
voltage level,' the input stage generating at
least first and second independent controli
15 : 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
20 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
25 : '.:.-CMOS output stage at a dlfferent time than the
1nput stage actlvates the one transistor of the
CMOS output stage to. thereby minimize cr0551ng

current 1n_the CMOS output_stage.



transi stor Mb-is turned "on" to further raise the voI;aggS;§¥ELraL_LLL§L_
node H3 to Vccp. The precharge transistor. M8 35  doe rally the sane.
- function for output node &. These precharge transistor & E“u
crossing current. -8- through'inter neci'?ja'te voI tage tr%ﬂN‘\““ “m 6 -
‘during transition. Precharge . transistors ~and ¢ form Sone :

inplenmentation of a precharge neans for precharglng the pair. of _
cross-coupled transistors Mb. and M6 to facilitate transition during toggle

~between the two outgut st@leTmdd Qﬁrn%t %ﬂé\ﬁ@%@lﬁﬁﬁﬁ deeddi;singl e
NMOS transistors shown can al so be Us to precharge the respective nodes.
10 Examol e alter n%hleveinﬁhahtstagéudfs Pl‘éa%;iireanStét HStivAES the NMOS
| transistor in the CMOS output stage, and

the intermediate voltage translation stage is coupled
.5 - .~ to activate the 'PMOS_'transistor in the cMOS

output stage.

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

10 "second control Signals.

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 CMOQ 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
input stage includes serially connected inverters Whlch.

generate the first and second control _signals.

7; " The CMOS driver c1rcuit of claim 1 wherein:
25 the input stage generates a third ‘control s1gnal-'and"
| the intermediate voltage translation stage includes a

pair of cross-coupled trans1stors Which are.



1

CIrCUItS havi ng a conbi nati on PMOS and NMOS transi st ors—e+r—ether
equival ent structures: Fig. 2 illustrates a timng diagr

i ndependent 15 = control signals Gl and & used to act i\*ﬂg‘ﬂ“ﬁa mNHm
transistors M2 and ML in CMOS output st@fE 12. The ti ra

first transition of output signal’ XRSEL fromground to Vccp (e.g., 4.0
volts) and a second transition from Vccp back to ground. = During the first
20 - transition, |ndependent control signal Gl goes lowto first turn "off":

NVOS transi st or "6n" Su@%t%lé/ to?ﬁ:ﬁ%eicl% bpde?ﬁgdegéc&? trQlg s gggl

goes lowto turn ansi sto tT ne-'staggere nature
of these two signals, oulgyHtrF123E ghta BXPEFd: :ﬂ[ﬂﬁdﬂ &tgd0 25 |
crossing current durlng the transition. - Accordingly, the operatlon
conserves power by avoiding the crossing current. Durlng t he second
‘transition, second independent control signal & returns high to first turn
"of f" PMOS 8. The CMOS driver circuit of claim 1 wherein the

5 intermediate voltage translatioh’stage coﬁprises:
a pair of cross—soupled ffansistors having invéiseiy
related output statés; | -
- first and second control tran51stors connected to the
palr of cross-coupled trans1stors to. toggle the
10 -.  .output states, and -
| | precharge means for precharglng the pair of cross-_
coupled transistors to facilitate transition

during togglé between the output states.

- 15 9. The CMOS driver 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.

20
10. The CMOS driver circuit of claim 9 wherein the
PMOS transistor in the CMOS output stage is one of the
transistors in the pair of cross-coupled PMOS transistors.-
25 11. A'low-to-high voltage CMbs driver circuit for

driving a capacitive' load, the CMOS driver circuit

- translating aIIOW'voltage input signal that swings between
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30 transistor .ML. Subsequently, first independent control—signal GL
returns high to thereby turn "on" NMOS transistor M. m mu““L
time-staggered. nature -of these two H%pependent contro ﬂp“ﬁﬂuul J

crossing current during the transition. ™35 . - -Fi g. 3 iustrated the*
timng diagramof the internal control signals - GI, and H2. It
is. noted that independent control - signal Gl foll.ows |nternal contro

signal H2 with a slight |ag caused by propagation delay 5 t hrough two

sermi conduct or Gkeang bRl C%ﬂ&.halﬁl%gg_gag H%uhﬁu?:”%%éﬁﬁiytﬁéﬂ: iRgase

w th control signals out-o ontro _
transi stors M paRtheen Veop and ground, where Vccp > Vec; the cMoS drlver-

circuit comprising:
a drlver 1nput wh1ch receives the low voltage input -
5 ' 51gnal; _ | .
a driver output Which'outputs the high_voltage-outpﬁt_
signa14 _ _ o _
a CMOS output stage hav1ng a PMOS trans1stor and an
-fNMOS_translstor, the PMOS tran51stor hav1ng a
'ib'le - | gete and a_source-to-draln path coupled between
Vcep-end'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
15 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
20 an intermediate voltage 'traﬁslation stage coupled
between the input end output stages, the
.intermediefe voltage " translation stage
comprlslng. | )
a pair of flrst and second cross-coupled PMOS
25 | I trans1stors, 'the first PMOS trans1stor |
having a gatefapd a source-to-drain coupled

' between Vccp and a first node, the second



L}

Mt are‘alternately "on" and "off". Fig. 3 also shows the vol st
node H3 which swings fromground to Vccp 10 (e.g., 4lwmﬁ@gm@!! ““r

shows the |oad current spikes neasured gt output st age

during the transitions shown in Figs. Tand 3. These |l oad current spikes
~represent the 15. current flow ng-through either PMOS transistor M or
NMOS transistor M into:a capacitive load. - If no crossing current

- existed, current :spikes 41 and 43 would be elimnated. It is noted that the -

second current spike 42 has gld Hpankildc#ehadiply b St&hgﬁd”&'es&ﬁféé-
~current 20 spike 40, indicating that the output "stage did experience
slightly higher crossing curhruardin Eath gboﬁ?lé@-%btﬁaéht veidp EVEh,
the circuit design of this invention effectively mnim zes sucﬁ condi tions.
25 - It is further notedutpait thHea&MOBner igatie Cof Cthe Hedbnd nPHes
crossing current in the internediate voltage = -

transistor being coupled to the first node -

5 | - 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‘_; - L

| io' | 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

15 | | 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
20 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
25 ' " the first node ; and )
a .second NMOS _precharge. transistor having a gate

coupled to the firs_t NMOS control transistor and



transl ation stage 16. Accordingly, the circuit effectivel
substantially reduces crossing current in both the out wmﬁﬁmaﬁmt he
internedi ate stage 16. 30 Fig. 5 illustrates a lo“#to

driver circuit 50 according to a séddid embodi ment of this invention..
CMOS driver circuit 50 includes output stage 12, internediate voltage
transl ati on stage 16, and an input 35 ° stage 52 CMOS driver circuit 50

differs from CMOS driver circuit 10 of Fig. 1 in that input stage 52

includes a . . -10- cro;%nggg*gg,%@hE#g@ﬁepé@ﬁcﬁogélPaV%%Qw% Blluéés

gate 56 and a second gate 5 nput ~ st age urther 1nc
inverters 60 and 62 on the fhifutebsy. NAND gate

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

5 driving a eapacitive load, the CMOS driver circuit

trahslating a low voltage input signal that swings between.

Vee and groﬁnd to a high voltege output signal that swings

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

-uclrcult compr1s1ng' _ _ .
ior | a driver 1nput whlch receives the low voltage 1nput
| s1gna1, _ |
a driver output which outputs the high voltage outéut _
signal;

a first PMOS transistor having a gate and a source-to-

15 - 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; .

20 . 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

25 : grouhd; and |

an input staée coupled to the driver input and having

first and second outputs coupled to respective



| atch 54; and inverters 64 and 66 on the back end of the 5 NAND gate
| at'ch.  According to this construction, input stage 52 outputs three

di ff er ent—controt—sigmats—A, B and C. NAND gate circuit

50 in Fr |aIT Teduces crossing c nedlate

stage 16 m ll |r|m|l“ am 12, but not qurte to the the NOR
te

| atche I e dri ver <ir<cuit Fig. 1. Accordrngly t he Frg 5
enbodlnent is slightly |less preferred than t he enbodi nent of Fig. 1. 15

Fig. 6 "'UStra%§E%§ bevehg ?iQEtVthaQEcSNESNﬁbsv%Eaﬁéé%gbk 0 accord'”g_-

to a third ment -~ of I's 1 nventton river circuit 70
differs fromthenéi fripit st 'beF?gﬁeraéiﬁthﬁbtﬂhﬁd&ﬂ Bechokekeedi ate and 20
out put stages are conbi ned. S the sanme P transistor M
functions as ansiyhalé anansutpaettingttRe signals on the first

and second outputs. ' ' - ok
5
14. A low—to-high voltage CMOS driver circuit 3
according to claim '13 wherein the 1nput stage includes: 3
a first inverter coupled between the driver input and 3
_ _ ‘a, second node, the second node being coupled to;{' }
10 - .-'.ei the gate of the second NMOS trans1stor, and - o o Wt”:?
" a second 1nverter coupled between the second node'and |
the gate of the first NMOS transistor. s
15. A low—to—high voltage CMOS driver circuit
15 according to claim 13 wherein the input stage includes: ' y
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
20 : gate of the_first NMOS transistor.
16. A low-to-high 'voltage CMOS driver circuit
according to claim 13_further comprisingﬁ
third and fourth NMOS transistors having respective
25 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



[ RECEIVED 06/20_8@: 14 1955 AT 533060y 2 (PRINTED PABE 2) 1
output -st%BEE s R | RIS YHEE DHﬁ*KEEt"héﬁ@é?‘bss coupl ed transi st or¥0-pep t Pre2
| nt'ér iredi ate stage. Additionally, the NMOS transi stor—ve nas a dual

futhLon of -an out put 25 transistor he out put sta a§Be%n
traﬁsEstor for the mte”mmmllﬁ re ﬁoemflcall '
Ci r@;u&t 70 includes a d m m”yodrl ver out put: 7 r| Hmn age
76, “an 30 i nput stage 78,°%artd an |Snterrred| ate vol ta et

80. iAifirst PMOS transistor ML has a source-to-drain path coupl ed betvveen
Veeprand driver output 74. The gate of PMOS transistor ML defines a first

nodé 82. A first NMOS transi sinputhMBnfiashe gahe ©f- the df@irthp MOSc buphetisSer

bet ween driver output 74 and grqund. The gate of NMOS transistor M2 is
coupl ed to input stage 78. A deppied to Veep.
t-......4 '

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
first output of the input stage and the gate of

the sixth NMOS transistor being coupled to Veep.

. .._,'v,;.ﬂ;‘:‘;_ 3% T
§
i

20




transi stor- M3 has a source-to-drain path coupl ed bet ween—Veep
node 82. A second NMOS transistor M4 has a source-to-drain pa
bet ween first node 82 and ground. 5 PMOS transistor M aﬁ

M2 define output stage 76. Additional |l §22transistors M -

I nternedi ate vol tage transl ati on stage 80. Accordlngly,

M2 have dual

ate fi t
at h

gl

roles in this circuit. 10 Input stage 78 generates

mutual ly exclusive'signals D and E which are coupled to operate

Coup! e et weon a  vorirtan HHRH, G B, oldoiiy LS B¢

I nverter 88 coupled between sec ﬂﬁvf

e
M2. Second node 86 is tied to t e gaﬁe cgsﬁﬁgggtran5|stor V4.

- 10

15

20

ABSTRACT
A high .spe_ed, loﬁéto-high voltage cMoSs drivér circﬁit
has a CMOS output stage, an intermediate voltage
translation stage, and an input.stage. The input and

intermediate stages are designed Eo_ generate mutually

.. exclusive control signals which activate the PMbS'and NMOS
transistors of the output stage.- The control signals. -

‘operably turn "off" the active transistor before turning

"on" the inactive transistor. Independent control signals

' substantially reduce or eliminate crossing current in the

output stage to thereby reduce energy power waste.

h:\mcro\071\pa\intl. wim

gﬁeLgﬁbg of NNCS t ransi st or

and



In the: Fig. 6 enbodinent, internediate voltage 20 transl ati on stage
80 alrso includes a third NMOS transistor Mo and a fourthNMStranststor——
M6. Transistors Mb and M6 have source-to-drain paths coypled in series

between Vcc and first node 82. The gate of third transiSt E’Hﬁ‘)ﬁi‘mﬁ‘fe&,

to driver input 72 and the gate of fourth 25 .tr

coupled to Vccp. Transistors Mo and M6 act to precharge

effort to facilitate toggle transition of theprross-coupled PMOS
‘transistors M and M3, in a manner simlar toulhat described above with
‘respect to Fig. 1. 30 Fieg__ 7 illustrates Qo%to-hi gh vol tage CMOS driver
circuit 90 accordi ng‘t'b—?ﬁ)urth enbodi genty of this invention. Driver
circuit 90 is simlar to circuit 70 of Fig.\6, but has a slightly different

.construction in the 35 intg_rr_e_ciil__e.:ogage transl%io’n stage 92 and the
: Q |
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-12-- stage 94. Only the differences in this circuit as conpared to the

cireuit of Fig. 6 will be described in detail. Internediate voltage
transl ation stage 92 includes a 5 fifth. NMOS transi stor MﬁlsalﬁtHdSBEJﬁ
transistor MB. Transistors M/ and MB have source-to-drain p

series between Vcc and driver output 74. Fifth transistor

tied to the gate of transistor M4 and to node 86. The gate o SIX
transistor MB is coupled to Vccp. 10 . Transistors WM and M function
to precharge the cross-coupled PMOS transistors of interngdi ate voltage
transl ation stage|92 by prelimhparily bringing the voltlage §t the driver

out put node 74 to Vcc. 15 | nput stage 94 has a gate 96 coupl ed
bet ween -Eg RS
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driver i'nput 72 and second node 86, and inverter 88. NOR gate 96 has a
second i nput coupled to receive a second control signal' CSG 20 -

high speed, |owto-high voltage CMOS driver C|rCU|t5h®mmahhsBun ed:
are advantageous over prior art output driver circuits in Fmrnr it

stage is driven by independent control signals . which “ml
activated transi stor before turning "on" the inactive 25° ransi stor
this manner, crossing current within the output stage is mnjimzed or

el i m nat ed. The circuit therefore conserves power by iv0| ng
cross-current during signal sw ngs. 30 In conplig@nce Wth the
statute, the invention has been described in |anguage| norg or |ess
specific as to structural andl nethodical features. Ilf is to be
under st ood, however, that the invention is not limted §o the specific
features shown and described, sipce the nmeans L é§
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35. herein disclosed conprise preferred forns of putting the invention
into'effect. The invention is, therefore, . This lc?1dany of its
forms or nodifications within the proper = scope ded clains
appropriately interpreted in accordance with the ui val ent's.
-14- CLAIMS: 1. A CMOS driver circuit for driving a capacitive |oad,
conprising: 5 a CMOS out put stage having a PMOS transi stor and an

O
Q
—~
—

N
n

M1

43

[
S
(&
Y

0 200 400 60n



NMOS transi stor coupled between first and second voltage | evel s, the CMOS

out put stage providing an output signal that sw ngshisRke adst and
second voltage |levels; 10 an i nput stage cou an i nput
signal that sw ngs between the first voltage | evel t age

| evel that is less than the second voltage |evel, the |nput st age
generating at least first and second - independent control 15

si gnal s based upon the input signal, the first control signal being used
to activate one transistor of the CMOS outpgf stage; and an internediate
vol tage transl ati on stage coupl ed between the¥¥nput and out put stages, the
vol tage 20 transl ati on stage receiXing thgﬁﬁeeeﬁdibontrol

signal fromthe input stage and using the secgnd contr signal to generate

an activation signal
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at the second voltage |evel, the activation signal activating the other
transi stor of the 25 CMOS out put st age at~z‘57??ﬁﬁ?ﬁﬁ‘TTﬂﬁ~%h
the input stage activates the one transistor of the CMIisShdsPit gm%ge to
thereby minim ze crossing current. in the CMOS out put st

CMOS driver circuit -of claim1 wherein: the input stagejﬂ”ﬂ”ﬁ rﬂé
activate the NMOS transistor in the CMOS out put stage; di ate
vol tage transl ation stage is coupled 5 to activate the PMOS

transistor in the CMOS output stage. 3. The CMOS driver circuit of claim
ﬂ wherein the input stage includes a latch to generate the first and
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10 second contr ol signals. 4. The CMOS driver circuit of claim1l

wherein the input stage includes a cross-coupled NOR gate |latch to generate—

the first and second control signals. 15 5. The CMOS dri ver CIrCUIt of
claim1 wherein the input stage includes a cross-coupled hwmﬁs

‘generate the first and second control signals. 20 6. ﬂi
driver circuit of claim1l wherein the input stage i ncl udes S

connected inverters which generate the first and second cont S|gnais 7.

‘The CMOS driver circuit of claim1 wherein: 25 t he i nput stage
generates a third control signal; and the internedi ate voltage translation
stage includes a pair of cross- coupledﬂ transistors which are
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operable controlled by the second and third control signals fromthe input
stage. 8. The CMOS driver circuit of claiml wherein the 5 internediate
vol tage transl ati on stage conprises: a pair of cross-coupled transistors
havi ng inversely related output states; first and second control

transi stors connected to the pair of cregs-coupled transistors to toggle
the 10 output states; and precharge means for precharging the
pair of cross- coupled transistors to facilitate ﬁ%i;?%#llulihﬂilul_‘_
toggl e between the out put states. 15 9. The C river circuit of
claim1 wherein the internedi ate voltage translation gtage includes a pair
of cross-coupled PMOS transistors, the internedi ate v%ltage transl ation
stage being coupled to activate the PMOS : :

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

This .invention relates to high speed, low-to-high
voltage CMOS driver circuits for driving capacity loads.

Semiconductor integrated circuits employ output driver
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
complementary metal-on-semiconductor (CMOS) technology. A
conventional CMOS output circuit includes a p-channel MOS
(PMOS) transistor coupled between voltage and an output
node, and an n-channel MOS (NMOS) transistor coupled
between the output node and ground. The CMOS design
enables the PMOS transistor to be "on" while the NMOS
transistor is "off", and vice versa, in response to a
single input signal. When the PMOS transistor is "on" and
the NMOS transistor is "off%, the CMOS driver circuit
outputs a voltage. Conversely, when the PMOS transistor is
"off" and the NMOS transistor is "on", the output of the
CMOS driver circuit is grounded.

One drawback inherent in the design of conventional
CMOS output driver circuits is that during the rail-to-rail
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t ransi st or

clgim9 wherein the PMOS transistor
transistors in the pair of cross-coupjed PMOS tran;

| ow-to-hi gh voltage CMOS driver circuit for drivi ng Mﬁ@amtlve

t he .CMOS

swi.ngs between Vcc and ground to a high voltage 0
Swi ngs betmeen Vccp and ground, where Vccp > Vcc;

in the CMOS out put stage. 20 10. The CMOS driver circuit of
intheCNDSoutDut stage is ap._g__g_f__the
11

driver circuit translating a IOM/voItag

1.

conprising: a driver ich%EsV@fC‘tlfhéeﬁﬂyﬁsahaesb@wn\iomwt'r%ﬁiglsﬁ:ors,

si gnal ;

a driver output which outputs the high voltage output-

the 1nput stage generating two mutually exc1u51ve
51gnals and outputting the 51gnals on the first

and second outputé.

14. A low-to-high .voltage cMOS driver circuit
according to claim 13 wherein the input stage 1nc1udes-
a flrst_inverter_coupled between the driver input and
| a.secbnd node, the second node being coupled.to
the gate of the second NMOS tfansistor; and
a second inveftéf coupled between the second nd&e 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 driver input and a second node,

‘the second node being Coupled to the gate of the

second NMOS transistor; and
aﬁ inverter coupled'between the second node and the

gate of the first'NHOS transistor.

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

accdrding tofcldim_13 further comprising:

third and fourth NMOS transistors having'respective
gatés_and source-to-drain paths coupled in series
between Vecc and the first node, the gate of the

third NMOS transistor being coupled to the driver
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sfgnal a OMOS out put stage having a PMOS transistor and an NNOS
tranS|stor the PMOS transistor. having a 10

source-t o- draln pat h coupl ed between Vccp and the drlver output
transistor having a gate and a source- tg drai n. path coupj

driver output and ground; an input sta& “coupled to the
havi ng .15 first, second, and third outputg *he® |nput stage
generating three different S|gnals and outputting themover the three

out puts, the first outPut of the input stagg bei ng connected to the gate of
the NMOS transistor in T?ﬁe(ﬁﬁﬁpupes$é epfourth NMOF, trapsashexii at e

vol tage transl ation st QU d n the input and output stages,
the internediate = . ??ﬁég J%pﬁpg ng§ %' stage conpri sing:

17.. A low—to-high vbltage CMO0S driver circuit.
according to claim 13 fufther comprisingt
third and fourth NMOS transistors having respective
gates and sourqefto-drain paths coupled tn series
‘ batween Vce and.the'first node, the gate of the
third NMOS transistor being ccupied to the Qriver
input aﬁd the éate of the fourth NMOS transistor
being coupled t§_Vccp; and |
fifth and sixth NMOS transistors.having raspective
gafes and source-to-drain paths coupled in series
~ between V¢c and the driver output, the gate of
the fifth NMOS transistor being coupled to the
first outpﬁt of the input st;ge and the gate of

the sixth NHbS-transistor being coupled to Vecp.
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é pai r of first and second cross-coupl ed PIVDS 25
t;ransistors, the first H‘&Eﬂheettﬂarﬁww i[eﬁaw ng a gate and a

source-to-drain coupl ed bet first node,.Lhe—seeemlf”l&
PMOS transi stor having a gat
0

to-drain path coupl ed between.
Vccp and an out put node, the gate

the second PMOS transistor being

coupled to the first node 57 - and the gate of the first PMOS.
transi stor being coupled to the output node to formthe cross-coupl ed PMOS
transi stor structure LOWreTQrHEGE VOLUTAGBI GYOSODBIWERt GIRBUI@aFeRof t he PMOS

transistor in the -output stage;
DRIVING CAPACITIVE LOADS

ABSTRACT _

A high sp‘eéd, low-to-high voltage CMOS driver circuit
has a CMOS 'butput stage, an intermediate voltage
‘translation stage, and an input stage. The input and
intermediate stages 'ére designed to generate mutually
exclusive conﬁ:él signais which activate the PMOS and NMOS
transistofs' of .- the outpuﬁ stage. The co.ntrol -éignals

" operably turn ."off_'_" the active tra.ns'istor before turning
"on" the inactive transistor. | Independent control signals
substa_l_rit.iall_y reduce or eliminate crossing cur:fent in the

output stage to thereby reduce energy powver waste.

Fig. 1 °
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10 : a first NMOS control transistor having a_gate coupled to the
third output of the input stage and a source-to-drain path coupl ed between

the first node and ground; and a second NMOS control transistor-having a

gate 15 - -coupl ed to the second output of the input stage
and a source-to-drain coupled between the out put node and ground. 12. A
| ow-to-high voltage CMOS driver cir according to claim11

wherein the internediate voltage translation Bs’,t age further conprises: a
first NMOS precharge tranS| stor having a gat é@coupl ed to the second NMOS
control transistor and ¥ rce-to-drai n%at* coupl ed between Vcc and 25
the first node; and a second MOS precharge tfansistor having a gate
coupl ed" to the first NMOS control transi stgk_fmd ~
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a ‘sour ce-t o-drai n pat h coupl ed between. Vcc and the out put node. 13. A

| ow-t o- high voltage CMOS driver circuit for 5 driving a capacitive 7
|l oad, the OCMOS driver circuit translating a rowlyxuiég#}4ﬂﬁpur”§rﬁﬁéL
t hat swi ngs between Vcc and ground to a high voltage output -signal that

swi ngs between Vccp and ground, where Vgcp > Vec; the CMOS driver circuit

conprising: 10 a driver input whreh receives the | ow voltage input
signal; a driver output which outputs the high voltage output signal; a
first PMOS transistor having a gate and a source-to- 15 | - . drain
path coupl ed betwden Vccp and .tie driver o
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Butput, the gate defining a first node; a first @?ﬁELLL@nsLs%er’hﬁVTng.a
gate and a source-to- drain path coupl ed between € driver output_and -

ground; 20 - a second PMOS transistor having a gat ed to the :
‘driver output and a source-to-drain path coupl ed et ween VCcp and the first:

node; a second NMOS transistor having a gate and a source- to- drain path -
coupl ed between the first node and 25 -—. ~ground; and an i nput
st.age coupled to the driver input and having first and sec%nd outputs
coupled to respectlve - 20- +20r '

60n
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two nutual |y exclusive signals and outputting the signals on the

second outputs. 14. A lowto-high voltage -CMOS drive

according to claim13 wherein the input stage includes: a first inverter
coupl ed between the driver input and a segggd node, the second node being
coupled to the gate of the second NMCS tr istor; and a second inverter
coupl ed between the second node and the gate of the first NMOS transistor.
15. A lowto-high voltage CMOS driver circuit according to claim13
wherein the input stage includes: a NOR gate between the driver input and a
second node, the second node being coupled to the gate of the second NMOS
transi stor; and an. inverter coupled between the second node and the

géteé ofathe-first and second NMOS transistors, the i ~stage generating
+7St and
ircuit a
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gate of the first NMOS transistor. 16. A |lowto-high voLngg_gag§LgL%%§;_~_
circuit according to claim 13 further conprising: thlrdnggh;EgngLngJl_~
transi stors having respective gates and source-to-drain

series between Vcc and the first node, the gate of the third NMOS

transi stor being coupled to the driver -21- input and the gate of the
fourth NMOS transi stor being coupled to ep. 17. A lowto-high voltage
CMXS driver ccircuit according to claim13 fyrther conprising: third and
fourth NMOS transi stors having respective gab@s and source-to-drain paths
coupled in series - o~
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between Vcc and the first node, the gate of the third NMOS transistor being
coupled to the driver input and the gate of the fourth NMOS transi stor
bei ng coupled to Vccp; and fifth and sixth NMOS transisto

respective gates and source-to-drain paths coupled in series between Vee
and the driver output, the gate of the £ifth NMOS transistor being coupled
to the first output of the input stage—and the gate of the sixth NMOS
transi stor being coupled to Vccp.
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TEXT OF THE ABSTRACT . o =

A high speed, low-to-high voltage CMOS driver circuit (10) has a CMOS output stage (12),
an intermediate voltage translation stage (16), and an input stage (14). The input and inter-
mediate stages (14,16) are designed to generate mutually exclusive control signals (G1,G2)

- which activate the PMOS and NMOS transistors (M1,M2) of the output stage (12). The
control signals (G1,G2) operably turn ,,off“ the active transistor before turning ,,on“ the
inactive transistor. Independent control signals (G1,G2) substantially reduce or eliminate
crossing current in the output stage (12) to thereby reduce energy power waste.

Fig. 1
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