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Background of the Invention The present invention relates, in general, to
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In the past, a variety of circuit configurations have been
utilized to provide complementary metal oxide semiconductor
(CMOS) circuits which are capable of accepting transistor-
transistor logic (TTL) voltage levels. The semiconductor industry
has also combined CMOS with bipolar to form BICMOS circuits
having TTL compatible inputs. One notable disadvantage of most, if
not all, such prior circuits is the amount of power dissipated by
the circuits' "input stage. The voltage value of a TTL signal
generally varies over a large range, and often drops to a level that
is insufficient to disable the prior circuits' input transistors.
When this occurs, excessive power is dissipated in the form of
leakage current flowing through these input transistors.

There have been attempts to minimize the static power
dissipation of an input stage. For example, a circuit for lowering
the operating potential of the input transistors of the circuit and
then restoring the voltage level at the output of the circuit is fully
described in US patent application having U.S. Patent No. 5,276,362
and issue date of January 4, 1994. Although the circuit minimizes
static power dissipation, it does not, however, minimize the
dynamic power dissipation nor does it provide a sleep mode or a
bus hold function

Accordingly, it is desirable to provide a circuit that has an
input which operates with a TTL input signal, that has low static
and dynamic power dissipation, and that has the capability of
operating in a sleep mode and a bus hold function.

logic (TTL) voltage



descrihed in US patent application having U S. Patent No. 5,276,362 and

i ssue date of January 4, 1994. Although the circuit mnimzes static power
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Accordingly, it is desirable to provide a.circuit t hat has an input which
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10 Detailed Description of the Drawings

Referring to FIG. 1, there is illustrated input buffer circuit
10 having sleep mode and bus hold circuitry incorporated therein.
Circuit 10 provides translation of a TTL level signal appearing at

15 terminal 16 to a CMOS level signal at an output 33 of circuit 10.
Also included in circuit 10 is an input circuit 11 and a level shifter
18 wherein level shifter 18 may be, for example, a schottky diode.
It is worth noting that circuit 10 may be utilized to accept input
signals other than TTL by the modification or deletion of level

20 shifter 18.

Input circuit 11 has a pair of complementary metal oxide
semiconductor (CMOS) transistors 12 and 17 having their drain
electrodes coupled together via transmission gate 15 wherein
transistors 12 and 17 function as an inverter when transmission

25 gate 15 is in a conductive state. In particular, the TTL signal is
applied to transistors 12 and 17 through a connection between an
input 16 of circuit 10 and a gate of each transistor 12 and 17.
Transistor 12 also has a source connected to a voltage return
terminal or voltage return 14, and a drain connected to both a pull-

30 up node 13 and to transmission gate 15. A source of transistor 17
is connected to an output of a shifter means or level shifter 18 in
order to provide an operating voltage to input circuit 11. A drain of
transistor 17 is coupled to transmission gate 15.

Shifter 18 derives the operating voltage through a connection

35 between an input of shifter 18 and a voltage supply terminal of
circuit 10 or voltage supply 19.



15 terminal 16 to a CMOS level signal at an output 33 of circuit 10. Al so
included in circuit 10 is an input circuit 11 and a level shifter 18
wherein | evel shifter 18 may be, for exanple, a schottky diode. It is worth
noting that circuit 10 may be utilized to accept input signals other than
TTL by the nodification or deletion of lewel 20 shifter 18. Input circuit
11 has a pair of conplenentary netal oxide sem conductor (CMOS) transistors
12 and 17 having their drain el ectrodes coupled together via transm ssion

0PLe a0 | RSl G 1811k Masistrs ey 29w,
i is i , uct i : icu

signal is aprﬁ?t@d%?%cetf?‘i%@ rﬁs&egtw?[}ar?@u?;eq hﬁoo'&)%ﬂ“@aégaéécﬁ“i‘%?\é%e? en an
i nput 16 of owhichi coatrobhsijralgd@Boandde@ aremapptiedr Theasourte ofr ansi st or
12 also ha n t : I giamal I

retarn 14, anPassRs 290 286 B dhan /67 1AARISE] 28 AR Bote oSipjéa 15 e
transmi ssPon @R ak transisiarcd 7of Simifanlyst He 150ureec ehnkansisteo 2h and put

of |? shi Ite_r tﬁ%?ﬂiiaiw o!fftﬁhsi%?r& QQraﬂe%fﬁdthobd_@bltéd)t@;md draimn o@pe{ ating
;/(r)anggn'essioolnrkgé?%icsiécqghi ?lil df ‘i%a%r:?rrt]‘?‘ggst r gﬁhégﬁéﬂ%’ﬁai \sﬁéﬂcﬁggﬁiﬁgﬂgﬁ a
connect i on 3Hogiethigk nstate i anlitcortraihsignat AQBaisl im a dbgig dowustatg, t er mi nal
of circuit 1G;QnsMRddiBHCGEHPPIY il rendered operative and essentially coupled
10 the drain of transistor 17 to the drain of transistor 12. Further,
the following discussion assumes that transmission gate 15 is
rendered operative.
In order to obtain low static power dissipation in input
circuit 11, it is important that transistor 17 remain disabled when
15 a high level TTL signal is applied to input 16. Since the high level
TTL signal may have a voltage as low as 2.4 volts, transistor 17
must remain disabled at such an applied voltage. It has been found
that in order to completely disable transistor 17 the threshold
voltage of transistor 17 must be greater than the high level TTL
20 signal's voltage minus the operating voltage. This condition |
provides circuit 11 with a high level or upper level threshoid
voltage that minimizes static power dissipation. If the operating
voltage is too large, transistor 17 is slightly enabled and provides
a leakage current path that increases static power dissipation.
25 Level shifter 18 provides such an operating voltage to circuit 11.
A desired operating voltage is obtained by dropping a portion of the
voltage from supply 19 across level shifter 18 in order to provide a
predetermined voltage drop and, thus, provide a lower operating
voltage for input circuit 11.
30 As a result of this lower operating voltage being applied to
input circuit 11, when a high level TTL signal is applied to input
16, transistor 17 is completely disabled thereby substantially
eliminating the flow of leakage current through transistor 17.
Consequently, static power dissipation in circuit 11 is minimized.
35 When a low level TTL signal is applied to input 16, transistor
12 is disabled and transistor 17 is enabled thereby coupling the



Transm ssion gate 15 includes transistors 21 and 23 having gate el ectrodes
respectively coupled to termnals 20 and 22 at which control signals FQB
and FQ are applied. The source of transistor 21 and the drain of transistor
23 are both coupled to the 5 drain of transistor 17. Simlarly, the source
of transistor 23 and the drain of transisjor 21 are both coupled to the
drain of transistor 12. It is understood that when control signal FQis in
a logic high state and control signal FQB is in a logic |ow state,
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In the preferred embodiment, restore cnrcunt 24 includes a
feedback transistor 28 and inverter connected transistors 26 and
27. Pull-up node 13 is connected to a drain of transistor 28 and to
a gate of each transistor 26 and 27. Also, transistor 26 has a
15 source connected to return 14, and a drain connected to the output
of circuit 24 and to the gate of transistor 28. Transistor 27 has a
drain connected to the drain of transistor 26, and a source that is
connected to both supply 19 and a source of transistor 28. When
transistor 17 applies the operating voltage, minus the voltage drop
20 of transistor 17, to node 13, transistor 26 is enabled and couples
the gate of transistor 28 to return 14 thereby enabling transistor
28 and coupling supply 19 to node 13. To ensure transistor 17
enables transistor 26, transistors 26 and 27 are formed with a
channel width ratio that provides transistor 26 with sufficient
25 gain to pull the output of circuit 24 low at the reduced voliage
value supplied by transistor 17. In this preferred embodiment,
transistors 27 and 26 have a channel width ratio of 1:4.
Once transistor 28 is enabled, circuit 24 forms a latch that
keeps transistor 28 enabled. To ensure that transistor 28 can be
30 disabled, transistor 28 is formed so that transistor 12 can pull
node 13 low even while transistor 28 is enabled. Consequently,
when transistor 12 applies a low to node 13, transistor 26 is
disabled while transistor 27 is enabled, thus, disabling transistor
28.
35 . In addition to the connection between the output of circuit 24
and the gate of transistor 31, transistor 31 also has a source



a | eakage current path that increases static power dissipation. 25 Level
shifter 18 provides such an operating voltage to circuit 11. A desired
opérating voltage is obtained by dropping a portion of the voltage from
supply 19 across level shifter 18 in order to provide a predeterm ned

vol tage drop and, thus, provide a |ower operating voltage for input circuit
11. 30 As a result of this |ower operating voltage being applied to
input circuit 11, when a high level TTL signal is applied to input 16,
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29. Transistor 29 has an emitter connected to output 33, a

10 collector connected to supply 19, and a base connected to node 13.
When a low level TTL signal is applied to input 16, transistor 17
applies the operating voltage to node 13 thereby enabling
transistor 29 while the output of circuit 24 enables transistor 31.
Once transistors 29 and 31 are enabled, the voltage on output 33

15 increases until the voltage reaches a predetermined value that
disables transistor 29. In the preferred embodiment, the
predetermined value is approximately the voltage applied to supply
19 minus the base-emitter voltage (VBg) of transistor 29. After
transistor 29 is disabled, transistor 31 remains enabled.

20 Consequently, transistor 29 provides high current drive during the
low-to-high transition of output 33, but is subsequently disabled
thereby dissipating no static power. This low power, high current
function provides a significant advantage over prior circuits.

Further, transistors 29 and 31 provide temperature

25 compensation for each other wherein as the transconductance of
one increases, the transconductance of the other increases. For
example, at elevated temperatures, the transconductance of
transistor 29 increases but the transconductance of transistor 31
decreases. Therefore, the amount of current applied to output 33

30 during a low-to-high transition remains substantially constant
over temperature.

When it is desired to enter the sleep mode, transmission gate -
15 is rendered non-operative via control signals FQ and FQB
wherein control signal FQ is switched to a logic low state thereby

35 disabling transistor 23 and FQB is switched to a logic high state
thereby disabling transistor 21. As a result, there will be



can have a variety of configurations that responds to a reduced high | evel
vol tage applied to node 13 and subsequently increases the 10 voltage
applied to node 13 to the voltage of a high. In the preferred enbodi nent,
restore circuit 24 includes a feedback transistor 28 and i nverter connected
transistors 26 and 27. Pull-up node 13 is gonnécted to a drain of
transistor 28 and to a gate of each transistor 26 and 27. Al so, transistor
26 has a 15 source connected to return 14, and a drain connected to the
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to receive signal FQB. Thus, this sleep mode feature allows an

input signal appearing at terminal 16 to remain switching without

causing any dynamic power dissipation in circuit 10 since the input

15 signal is effectively disconnected from pull-up node 13 as well as
the rest of circuit 10 by disabling transmission gate 15. Further,
it is understood that signals FQ and FQB can be generated from an
external pin, from a power on reset signal, or from complementary
output enable signals.

20 In summary, input buffer circuit 10 mcludes a sleep mode
function which is comprised of transmission gate 15 and
transistors 36 and 38 which are responsive to control signals FQ
and FQB for disabling the input signal appearing at terminal 16
from pull-up node 13 as well as the rest of circuit 10.

25 Input buffer circuit 10 also includes bus hold circuit 40 for
providing a bus hold function that is compatible with the above
described sleep mode function. Bus hold circuit 40 is responsive {o
control signals FQ and OE (an output enable signal) and is coupled to

_ power terminal 19. Bus hold circuit 40 has an input coupled to '

30 output terminal 33 for providing an output at input terminal 16.

Briefly, bus hold circuit 40, when enabled via signals FQ and
OE, functions to hoid the logic state appearing at terminal 16, for
example, when the input signal applied at terminal 16 is removed.
This is accomplished by utilizing bus hold circuit 40 to supply the

35 inversion of the logic state appearing at output terminal 33 to
input terminal 16 wherein circuit 10 subsequently provides an



when transistor 12 applies a low to node 13, transistor 26 is disabled

whil e transistor 27 is enabled, thus, disabling transistor 28. 35 I'n
addition to the connection between the output of circuit 24 and the gate of
transi stor 31, transistor 31 also has a source 5 connected to supply 19,

and a drain connected to an output termnaj of circuit 10 or output 33. A
| ower output transistor 32 has a source connected to return 14 and a drain
connected to output 33. To provide a rapid high-to- 5 low transition on
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Referring to FIG. 2, a more detailed schematic diagram

illustrating an embodiment of bus hold circuit 40 is shown. It is
10 understood that components shown in FIG. 2 which are identical to
components shown in FIG. 1 are identified by the same reference
numbers.
Bus hold circuit 40 includes NAND gate 42 having a first input
coupled to terminal 22 for receiving control signal FQ, and a second
15 input coupled to terminal 41 for receiving signal OE. An output of
NAND gate 42 is coupled to a gate electrode of output transistor
44. The source electrode of transistor 44 is coupled through
schottky diode 46 to terminal 19. The drain electrode of tfransistor
44 is coupled to the source electrode of transistor 48 the latter of
20 which has a drain electrode coupled to the drain electrode of
transistor 50 and to terminal 16.
The gate electrodes of transistors 48 and 50, which
represent the input of inverter 52 as well as the input of bus hold
. circuit 40, are coupled to terminal 33. Likewise, the common
25 drains of transistors 48 and 50 are coupled together and represent
the output of bus hold circuit 40 as well as the output of inverter
52. In addition, the source electrode of transistor 50 is coupled to
the drain electrode of transistor 54, the latter of which has a
source electrode coupled to terminal 14.
30 The output of NAND gate 42 is coupled to an input of inverter
56 which has an output coupled to the gate electrode of transistor
54.
Inverter 56 includes transistors 58 and 60 each having a
common gate electrode coupled to the output of NAND gate 42 and a
35 common drain electrode coupled to the gate electrode of transistor
54. The source electrode of transistor 58 is coupled to terminal 19



di sabl es transistor 29. In the preferred enbodi nent, the predeterm ned
value is approximately the voltage applied to supply 19 m nus the
base-emitter voltage (VBE) of transistor 29. After transistor 29 is

di sabl ed, transistor 31 renains enabled. 20 Consequently, transistor 29
provides high current drive during the |oyto-high transition of output 33,
but is subsequently disabled thereby dissipating no static power. This | ow
power , high current function provides a significant advantage over prior
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transistor 64 is coupled to the drain electrode of transistor 68 the

10 latter having a source electrode coupled to terminal 14. The gate
electrode of transistor 68 is coupled to terminal 22.

The substrates of transistors 44 and 48 are coupled through
schottky diode 46 to terminal 19 thereby reducing the loading
caused by parasitic diodes occurring within transistor 48 when the

15 difference between the voltage appearing at terminal 16 and less
the voltage appearing at terminal 19 (Vig - V19) is greater than a
base-emitter voltage (VaE). |

In operation, if the output of NAND gate 42 is a logic low,
then bus hold circuit 40 is rendered operative. In particular, output

20 transistors 44 and 54 are rendered operative and the logic signal
appearing at terminal 33 is inverted via inverter 52 and supplied to
terminal 16. Control signals FQ and OE determine whether bus hold
circuit 40 is operative such that if both signals FQ and OE are in a
logic high state, then the output of NAND circuit 42 is a logic low

25 thereby enabling transistors 44 and 54 (via inverter 56) which in
turn enable transistors 48 and 50.

However, if control signal FQ or control signal OE or both are
in a logic low state, then the output of NAND gate 42 is a logic high
which functions to render output transistors 44 and 54 non-

30 operative thereby disabling bus hold circuit 40. In this manner, it
is said that bus hold circuit 40 is compatible with the
aforedescribed sleep mode function.

Transistors 44, 48, 50 and 54 are designed to be weak
channel transistors such that bus hoid circuit 40 will yield

35 preference to other drivers. In other words, bus hold circuit 40



6 substantially zero dynam c power dissipation since transistor 17 is now
conpl etely disconnected fromtransistors 12 and 29 and restore circuit 24
since transm ssion gate 15 is disabled. Mreover, since control signal FQB
isin alogic high state during 5 the sleep node, transistors 36 and 38 are
rendered operative wherein the voltage apgearing at output termnal 33 will
be held to a logic |ow voltage via transistor 38. In particular,

transi stor 36 has a drain coupled to the base of transistor 29 while
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term nal1@6 terminal 33, is removed. This logic low state appearing at

terminal 33 renders transistor 48 operative and assuming that bus

hold circuit 40 is rendered operative via signals FQ and OE,

transistor 44 is also turned on. As a result, when the signal

appearing at terminal 16 is removed, transistors 44 and 48

15 function to slowly pull the bus back to a logic high state.

By now it should be appreciated that there has been provided
a novel input buffer circuit that has a TTL compatible input, that
has low static and dynamic power dissipation, that provides a
sleep mode and a bus hold function, and that provides high output

20 current.

Static power dissipation in an input portion of the input
buffer circuit is reduced by a level shifter that provides an
optimum operating voltage to reduce leakage current when a high
level TTL signal is applied to the input portion of the input buffer

25 circuit. Utilizing a restore means ensures that proper internal
voltage levels are employed to enable the circuit's operation.

Dynamic power dissipation is reduced via sleep mode
circuitry which effectively disconnects the input signal from the
rest of the input buffer circuit and pulling an output of the buffer

30 circuit to a known logic level.

A bus hold circuit is also provided for holding the logic state
appearing at the output of the input buffer circuit when the input
signal is removed thereby further reducing static power
dissipation. Moreover, the bus hold circuit can be disabled and is

35 compatible with the sleep mode circuitry.



frompull-up node 13 as well as the rest of circuit 10. 25 | nput
buffer circuit 10 also includes bus hold circuit 40 for providing a bus
hol d function that is conpatible with the above descri bed sl eep node
function. Bus hold circuit 40 is responsive to control signals FQ and OE
(an output enable signal) and is coupled g power termnal 19. Bus hold
circuit 40 has an input coupled to 30 output termnal 33 for providing an
output at input terminal 16. Briefly, bus hold circuit 40, when enabled via
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i nver si on fr"Yﬂﬁ% H}'eﬁgpﬁ 26 %R@H g“ g@%éﬁ&%ﬁﬁ% B‘ L?i'g?ﬁémr &1 bus
hol d circait variations iionthe appendedclaigsc state appearing at ternm nal 16
when the input signal appearing at terminal 16 is renpoved. This prevents
the voltage appearing at 5 termmnal 16 fromdrifting and causing static
power dissipation. Further, it is understood that control signal FQ or OE
can be utilized to disable bus hold circuit 40.



Referring to FIG 2, a nore detailed schematic diagramillustrating an
enbodi nent of bus hold circuit 40 is shown. It is 10 wunderstood that
conponents shown in FIG 2 which are identical to conpoments -showmtin FIG

1 are identified by the sane reference nunbers. Bus hi |

i ncl udes NAND gate 42 having a first inpujqcoupl ed tomgl&ﬂ“&nlﬁﬂﬂfﬂﬂn
receiving control signal FQ and a second 15 input c erdn nal 41
for receiving signal OE. An output of NAND gate 42 is coupled to a gate

el ectrode of output transistor 44. The gpaigs €l ectrode of transistor 44 is
coupl ed through schottky diode 46 to termnal 19. The drain el ectrode of
transistor 44 is coupled to the source electrode of transistor 48 the

Itatte_r ?f Zg whi dh had\ dufferi cirahiﬁdiamlg amlunbeﬂami aheodtmitnanitienwig e OL
ransi-stor n I o istors an
50, which re&@&ﬁﬁtﬁﬁa‘@%ﬁ{d é&quﬁﬁqﬁiﬁﬁgﬁ @gg(ﬁgqﬁsrhséi)h@%ﬁﬂét of bus
hold circhit 40, a&hifteoupeadast {18k far rshiftbry aifirshi witagecappliedhai2a .
drains of tr i 5 i I putating” e t

out put of buesmﬁt)l Eﬁ%ﬁ?’%& gbsﬁmﬂlagodgg a?ﬂed ou hﬁ? g?ﬁlﬂgéeﬁ%s‘?é‘zlpﬂnﬁr

addi ti on, théh§6uﬁefﬁ%e@ﬂt@8§,dhetﬁ iftarsmeans having, a1 dapwb anck alk ai n

el ectrode of gutpusi shid ihgut tdfeshil tshiftef mbanb begpleds tor saideffiest r ode

coupled to t 4 0 . JThe output of NAND gate 42 is coupled to
VAt et termina!

an i nput of ] an output coupled to the gate el ectrode
of transil8tor an input circuit (11) having an input and an output, said

output of said input circuit coupled to a pull-up node, said input of
said input circuit coupled to the input of the buffer circuit, said
output of said shifter means coupled to said input circuit so that
said input circuit operates from said operating voltage, said output
15 of said input circuit providing a second voltage at said pull-up node
that is less than said operating voltage;
restore means (24) for restoring said second voltage to a
voltage that is greater than said operating voltage wherein said
restore means couples the pull-up node to said first voltage supply
20 terminal after said second voltage is applied to said pull-up node,
said restore means having an input and an output, said input of said
restore means coupled to said pull-up node;
output circuit means (29, 31, 32) for providing an output
signal at the output of the buffer circuit, said output circuit means
25 being coupled to said pull-up node, said output of said restore
means and the input of the buffer circuit; and
sleep means (15, 36, 38) for minimizing dynamic power
dissipation of the buffer circuit, said sleep means coupled to said
input circuit and said pull-up node for disabling a signal appearing
30 at the input of the buffer circuit from said pull-up node, said sleep
means also coupled to the output of the buffer circuit for pulling a
voltage appearing thereat to a predetermined logic state.



54. Inverter 56.includes transistors 58 and 60 each havi ng a—ceomyea—

el ectrode coupl edto the—-output_of -NAND gate 42 and a 35 mm@dF'éTtﬁAS BEEN
el ectrode coupl e ate el ectrode of transistor 54. e sommfﬁ«‘\c""—u
el ectrode of traﬁ!’l@w" ""H”m pled to term nal 19 8 wh Our ce
el ectrode of tra pled to rmnal 14. NAND gate 42 includes
transi stor 62 having a gate &l edtrode coup ed to termnal 41 and to the
gate el ectrode of transistor 64. 5 The drain el ectrodes of transistors 62
, 64 and 66 are all coupled to the output of NAND gate 42. The source

el ectrodes of transi stor 62 and 66 are coupled to t%m nal 19 while the
gate el ectrode of 4ranshii@ dpuier jcircuitl, Accerding denclaim 2b. furthers fgleding

el ectrode of Hglanmedms (ﬁﬁ)%r%ﬂﬂh@.ﬂ’nhg éhl@:gﬁtﬁ %tat@latpma?d@ Qft tHeansi stor

68 the 10 | d
o0 1 1., i 58, bRl g8 S MR, AcpSATAL sl
of transi storaf thie bufferscicaitcisupdradved; aidh mmdtaldyméaadehaemtgoaner m nal

{Tanes sy of adnHELbUIBGL 8 dhB0oGRACEL BePBUAS difeyh, O6ER BEERBIIO W LN 1

term nal 16 dnganssbaving an output coupled to the input of the buffer circuit.

3. The buffer circuit according to claim 1 wherein said
10 sleep means includes:

a transmission gate (15) having first and second terminals
and being responsive to first and second control signals, said first
terminal of said transmission gate coupled to said input circuit,
said second terminal of said transmission gate coupled to said

15 pull-up node;

a first transistor (36) having first and second current
carrying electrodes and a control electrode, said first current
carrying electrode of said first transistor coupled to said pull-up
node, said second current carrying electrode of said first

20 transistor coupled to a second voltage supply terminal, said control
electrode of said first transistor coupled to receive a first control
signal; and

a second transistor (38) having first and second current
carrying electrodes and a control electrode, said first current

25 carrying electrode of said second tfransistor coupled to the output
of the buffer circuit, said second current carrying electrode of said
second transistor coupled to said second voltage supply terminal,
said control electrode of said second transistor coupled to receive
said first control signal.
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t he vol t age awwerm nal 19 [err] is greater tha :é\-,__p@gﬁggmwgm
voltage (VBE). In operation, ifthe output of NAND gate 42jis a gesigsCBW

t hen bus hold ¢ ered operative. In particu
transi stors 44 IMIHWH"”E @red operative and the | ogic signal appearing
at termnal 33 i% |Cnverte ¥ nverter 52qand supplied to termnal 16.
Control signals FQ and OE determ ne whet her bus hold circuit 40 is
operative such that if both signals FQ and OE are in a |logic high state,
then the output of NAND circuit 42 is a logic |ow 25 thereby enabling
transistors 44 and 54 (via inverter 56) whic¢ch in turn enable transj stors 48
and 50. However, f% cohheobulfegneircyit %QCQ!&WQ dio &lajan 1 oehereiposaithre in a
| ogic | ow Stiﬁ‘ﬁ; t tdiesuit himcdudegt of NAND gate 42 is a | ogic high which

i sabl i ng bus hol 8 Lreearansisl (Fof Havidan Bfst and Sechhe BRSH 2 %hor'a
circuit 49 i sacnyimgtelecérodesh artde afeondiels eledteads) &aid neektrouetectoode
Transistors g4, 34@ fiPSt atf?n%t ;élo%?éc?gﬁgghé P@N\e@f HEYiftert 'tStorS

;
such that bus h ITcu erence to ot%e rivers
In ot her wor &3l btjgsthgparqntr careying ele@trode of said ﬂrst transistor

coupled to said pull-up node and said means, said second current
carrying electrode of said first transistor coupled to a second

10 voltage supply terminal; and

a second transistor (17) having first and second current

carrying electrodes and a control electrode, said control electrode
of said second transistor coupled to the input of the buffer circuit,
said first current carrying electrode of said second transistor

15 coupled to said sleep means, said second current carrying electrode
of said second transistor coupled to said shifter means.

Thi§ Sheet Has Been R laced
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will vyield the bus to any device that has a hi gher source
t han provided by bus hold circuit 40. In sunmary, bus hold CTH‘E '
i ncl udes control -etreuitry "( NAND ‘gate 42 and transistors 44 and

i nverter 56) which to control signals FQ for
enabling inverter ﬂlmﬂ ﬂmﬁmﬂmﬁabl ing, pus hold circuit 40. As a sinple
exanple to illustr ecoperat i on of bus hold circuit 40, suppose that
the signal appearing at terminal 16 is in a logic high state, which results
in alogic |ow state appearing at 10 termnal 33, is renoved. This logic

| ow state appearing at_termnal 33 renders transistor 48 operative, and
assum ng that busShol dTBer buffercircuit r agernding dige Clainy el \M"geéﬁignémﬂ FQ and
OE, transi st pssidtel Mddr® ,hgr -on. As a result vvhen t he signal appearing

b1 | T heBus.pacica 13 ohneefi 267 Baiite) ek ant” sebnd Men cci o b
that therg heartyéeg elentraties eand)veelcontpmlt eltedtr@demsaawdud:omﬂnet dlastredéTL
o' o LPESaid 135t WankiBtoe kalifod h LUta DANRRHodh SSaRE AAE. 1

provi des a s unctlon r'ovi des i
out put 20 cgur@m carating plagirods «fi said dirst ntranS|sﬁ@rJthunledoﬁoOa the

gnglrlgt Pﬁffsglsébbﬁd' Voltﬁ éeéuf 10 'Pé’rerﬁiglaf\r/gmisal §é§6nd ht§\§rréi‘19‘(:la‘i' ngn Oﬁ;: ”}stn
aBpI i ed ?o tﬁie‘%ﬁ%é Eﬁ&}'ﬁn 'b?at ?’%@s'ﬁﬁﬂtcw Pgr to said’ OU?WJ said 9
10 restore means;

a second transistor (27) having first and second current
carrying electrodes and a control electrode, said control electrode
of said second transistor coupled to said pull-up node, said first
current carrying electrode of said second transistor coupled to said

15 output of said restore means, and said second current carrying
electrode of said second transistor coupled to said first voitage
supply terminal; and

a third transistor (28) having first and second current
carrying electrodes and a control electrode, said control electrode

20 of said third transistor coupled to the output of said restore
means, said first current carrying electrode of said third
transistor coupled to said first voltage supply terminal, and said
second current carrying electrode of said third transistor coupied
to said pull-up node.

is Sheet Has Been Re laced
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25 circuit. Uilizing a restore neans ensures that proper internal voltage
| evel s are enployed to enable the circuit's operation. DR CeROMRE meeN i_f

di ssi pation is.Teduced via-sl eep mode circuitry which ¢ffect k¥BLXcED Il
di sconnects the im L buffor eired:

ignal fromthe rest of the inpu
pul l'i ng an out pui gmj& ﬂ“ﬂ“ﬂ[) Ci rculi to a known logic |level. A bus
hold circuit is. e A hol ding The | ogic state appearing at the

output of the input buffer citcdit when the input signal is rempved thereby
further reducing static power dissipation. Mreover, the bus hold circuit
can be disabled and is_35 conpatible with the sleep node circuitry. 10
Wi | e the inventi Ba hathBeeificdiésaccorsing ros glaint it whetginnsaid output s

evi dent that g{FaQit %éfﬁgt ilgdegodi fications, and variations will be
apparent to those skil]| ' Furth IS intendedﬁt{& enbrace

all such alterati Bng'irsﬁrggﬁrlfﬁqétté’?ie&ﬁbt dryieg ﬁéﬁtl Iﬁ%‘ﬂoﬁ?@ﬁdt R¥rBended
clainms. 5 lcarrying electrodes and a control elecirode, said control electrode
of said first transistor coupled to said output of said restore
means, said first current carrying electrode of said first
transistor coupled to the output of the buffer circuit, and a second
current carrying electrode of said first transistor coupled to said
10 first voitage supply terminal;

a second transistor (32) having first and second current
carrying electrodes and a control electrode, said control electrode
of said second transistor coupled to the input of the buffer circuit,
said first current carrying electrode of said second transistor

15 coupled to the output of the buffer circuit, and said second current
carrying electrode of said second transistor coupled to a second
voltage supply terminal; and

a third transistor (29) having first and second current
carrying electrodes and a control electrode, said control electrode

20 of said third transistor coupled to said pull-up node, said first

‘ current carrying electrode of said third transistor coupled to said
first voltage supply terminal, and said second current carrying
electrode of said third transistor coupled to the output of the
buffer circuit.

cet Has Been Re{)laced
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CLAI M5 1. A buffer circuit having an input and an output, and--having. =
m ni num static and dynanic power dissipation, conprising: |58 sashifter
means (18) for—shifting a fiTst -voltage applied at a firsflvolt Bgeagppl v "

termnal to an that is lower than the firs
shifter rreans-hgﬁiﬂﬁ lel GWd an out p@ﬁ, said input of said shifter
means coupl ed toy T ST s\ age supply termnal; 10 an i nput

circuit (11) having an input and an output, said output of said input
circuit coupled to a pull-up node, said input of said input circuit coupled
to the input of the buffer circuit, said output of said shifter means

coupl ed to said iAput Ehecbutfescireuit aggardingde elaioui2 whereinesakh om sai d
operating VohbRDneans dneliday: 15 of said input circuit providing a second
voltage at said pull-u ode that,J ess than, sai.d operati ol t age;
restore nmeans (24?"fB'I‘PH’“Es‘PHPFtﬁ6 @dh@é‘@gnar‘vm"{‘ggﬁng@% q}ﬁgyggéapﬁat i s
gr eat er tshaninpaitdobsaidtowlpwt dnveder vibeing cosipled rtesthe eoutpatofcthepl es t he
pul | -up node L. kst y t ' .1 er | ond
Vol tage 1o apafteleLifelitl Shid Hudel GbiReYobfhut FHRME HRinG" dBbled 86 o
and an out puthe Japyti ebitheobustardcirevitor e means coupled to said pul | -up
node; output cirCgphtrBFaNBahsdrespbnsive 1o0h MiRY | BrtfolBighdl Pahd Ssaigal  at

t he output of the buffer, circujt, said output .circult,.nmeans 25 bein
ool ed Lo SepRoRd ! PoREoh i for Shabiie HAdopuiuL ibrarte. )
10

8. The buffer circuit according to claim 7 wherein said
control means includes:
a NAND gate having first and second inputs and an output, said
first and second inputs of said NAND gate being respectively
15 coupled to receive said second and third control signals;
an inverter having an input and an output, said input of said
inverter being coupled to said NAND gate;
a first transistor having first and second current carrying
electrodes and a control electrode, said first current carrying
20 electrode of said first transistor coupled to said ouiput inverter,
said second current carrying electrode of said first transistor
coupled to said first voltage supply terminal, said contro!
electrode of said first transistor coupled to said output of said
NAND gate; and
25 a second transistor having first and second current carrying
electrodes and a control electrode, said first current carrying
electrode of said second transistor coupled to said output inverter,
said second current carrying electrode of said second transistor
coupled to a second voltage supply terminal, said control electrode
30 of said second transistor coupled to said output of said inverter.
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means .and the input_of the buffer circuit; and sleep nmeans (15, 36, 38) for
m nimzing dynam c power dissipation of the buffer circuit,_said. sleep-

2 ane “appeer no. 5ol BRI e 5.7 B s fAE G

node, said sleep nmeafis &l so doupl etl to the output of the blikter—cireat=Fo
pulling a voltage appearing thereat to a f edet er mi ned | ogi c state. 12
2. A buffer circuit having an i nput and an output and havi ng m ni num

static and dynam c power dissipation, conprising: shifter neans for
shifting a first voltage applied at a first voltage supply termnal to an
operating vol tage9t hat i sAl msthodhfan deerdasing the powexgdissipaticmidndr
means havi ngf@r“p?’&ﬂﬁin@"#j HefUbRdia AL ARIGh Br S2efclt! the" mBRABS
coupled to sard'firs ol ttagé" supply termnal; an input citcult having an

i nput and anCeMPigINgsthel ¥ePSuLTof said input circuit coupled to a pull-up

node, saigl i nput edc&iirly i REGicCifput éig‘h@#lﬁémﬁbémwg het BAPINpURS of Rgebuffer
circuit, said,out prt of .sal g Sthl fter .maa{ns§ﬂc+8u§]| eq to said |.n§ut
circuit so t RHCUAIQ g JRPUL; of. @n MpKst gireuity SO MWL plEcult; RAVIRG) Afye,
said output olutpatd input circuit providing a second voltage at said
pul I -up node that gys b &85y LEAIpIRY GRPHistoftedfd, 2B response to a
control signal, said input of the circuit to an output of the circuit
10 for providing an output signal thereat;
providing a predetermined logic state at said output of the
circuit in response to said control signal being in a first logic
state; and
holding a logic state appearing at said output of the circuit
15 when said input logic signal is removed and when said input of the

circuit is coupled to said output of the circuit.
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restore neans for restoring said second voltage to a voltage that is 15
greater than said operating voltage wherein said restore nmeans coupl es the
pull -up node to said first voltage supply term nal after said second
voltage is applied to said pull-up node, said restore neans having an input
and an output, said input of said restore means coupled to said pull-up
node; 20 output circuit neans for ovi di ng an out put signal at the
out put of the buffer circuit, said output circuit nmeans being coupled to

said output of said res 4, ' aid pull-up
node and to the input oﬁ@ﬁlﬁﬁ%@@#&ﬁﬁ%@%&ﬂ@@fm ni m zi ng
~dynami ¢ power dissipation of thANRBUSHEED FUNETION sai d sl eep nmeans
coupled to said input circuit and said pull-up node for disabling a signal

appearing at the input of the buffer circuit fromsaid pull-up node, said
sl eep neans al so coupled to the output of the buffer circuit for pulling a

vol t age appearing thereat to apApstetes thed Dieglasureat e; and 30
hold means for naintaining a logic state appearing at the output of the

buffer circuit then said signal appearing at the input of the buffer
circuit is rdieeresent dnhehtionemctudes iawy iaput npuffec mirduitd (10) thaviagt put

"nput of -t he Sl dHode 4 bl hal? cadiifg, A THad seREN o0 8 Te °una®
an out put an@uiteri aigcuitnismenesated drand afy eperatipgwyoltages wichois lower
conprisi{@: than a supply voltage of the buffer circuit thereby minimizing the

static power dissipation. Sleep mode circuitry (15, 36, 38) is

included for effectively disconnecting an input signal from the rest

of the buffer circuit thereby minimizing dynamic power

dissipation. Bus hold circuitry (40) is included for holding the

15 logic state appearing at an output of the input buffer circuit when
the input signal is removed thereby further reducing the static
power dissipation.

FIG. 1 accompanies this abstract.



-13- ghifter neans for shifting a first voltage applied at a first voltage

supply term na
vol t age,
said shifter

to an operating voltage that
the shifter

sai

d output p4§

said shifter

is lower than the first
means havi ng an input -and an out put,
means coupled to said first voltage supply term nal

circuit having an input and an out put,
coupled to a pull-up node,
i nput of the buffer circuit,

said input of 5
an i nput
said output of said input circuit

said input of said input circuit coupled to the
means coupled to

said input circuit so that said input circuit operates 10 fromsaid
operating voltage, said output of said input circuit providing a second
vol tage at said pull-up node that is I ess than said operating voltage;
restore nmeans for restoring said a volbage that is
greater than said operating volt storg¥nmeans coupl es415

al-t aaa

SCUVUITU VUI Lugc I.U

hge wherein said reg

nnnnnn

the pull-up node to said first vpltage supp y‘Ier | aT er said secg&
voltage is applied to said pull-pp node, sa d aps haV|ng an
and an out put, said[Tnput of Saifl Testore m éped tp
node; output circuil{ neans for pfoviding an out R 1&-1+mr1nﬂ1u zof
20 the buffer circpit, said output circuitLﬂeaﬂS'TmﬂﬂﬂJ'coupled to said
pul | -up noqu said putput of saifl restore neans and the input of the|buffer
0
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circyit; and sleep neans for mnimzing dynam c power dissipation of the
buffer circuit, said sleep nmeans coupled to said input circuit and said
pull-up 25 node for disabling a signal appearing at the input of the
buffer circuit fromsaid pull-up node, said sleep neans al so coupled to the
out put of the buffer circuit for pulling a voltage appearing thereat to a
predeterm ned logic state wherein said sleep neans includes: a transm ssion
gate having first and second term nals a%i@8 30 bei ng responsive to first
and second control signals, said first termnal of said transm ssion gate
coupled to said input circuit, said second term nal of said transm ssion
gate coupled to said pull-up node; a first transistor having first and
second current carrying el ectrodes and a control electrode, said first
current carrying elgetrode of 35 said first transistor coupled to said
pul | -up node, 'gﬁsecgnd current carrying electrode of said first

t ransi st or cougﬁg to & second voltage s gﬁly 14 termnal, said control
el ectrode of said first teenrsi-stor- rup-lid-ho recei ve the first cont% ol
signal; and a second trfanki stor T i rrying

el ectrodes and a contr@l kel eg2rodle, $aid fijrlst clirrent Cﬂgry ng el ectrode

of 5 sai d second trarsistor\i pled to d out put of t fer circuit,
said [ fl .
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second’ current carrying el ectrode of said second transistor coupled to said

second voltage supply termnal, said control electrogg Y =Tol0)
transi stor coupled to receive said first control sig aﬁg¥&%8éﬂ§§?%‘%

buffer circuit according to claim1 whereijy, said inp tDcideiQEC - rdes a
first transistor having first and second "c#Tent carr %ﬁ‘érébrrb sanfl a
control electrode, said control electrode of said first transistor coupled
to the input of the buffer circuit, said first current carrying el ectrode

15  of said férst &huftarairuithayinganinpulangd aneculpiy ansdraving MiRiURY eep
rreanls, dS?i d segmﬁddw?Wdew?mm?gmgbﬁ,?mpgsmgid fi(rjst tra_nsitsto[] _
coupl e 0 a second voltage s <l ermgnal : .and a segon ransj st or havin
fi rgt and second cu?p'gtﬁf"%ﬂnr#BEa%@fr&?rf'ﬁé}soltéﬂﬁ @p@gﬁﬁaﬁr@f@%e, sai dg
Eomrol el ec_t{sqxwpl_yftensn_ai’mailta:eanmmieﬁﬁing:\méll_atg'esthentisolowpi'd%uhnthe_liﬂe;tinpuéI of the
uf fer cirgui r I .

Cranat st or Sou e the shiner thoait naRhb e Aptt 8id s Gnbln, SBidinpE BF

el ectrode of saaid shitemmeans eouplesttocsaig fficst voltageisypply ler@inaleans. 25 5.
The buffer circuit arGREEG Akuithd¥ir BhinyiedRi 8n SRitplt! S URpIESH Said

i ncludes: a first transi stor havi ngu I rst, and, second, current, carryl ng

el ectrodes andiMPutgireycoupled:tpcRUI-YR; nPde, saichinPEt of RIgJBPYY CIECHIY f i v st
transi stor cougbgsletiao e thputlof thepbufisiecirciant, daid sutbutol satd shifterr yi ng

Cornt - TthoheasBirldd 7 sbOBDO BRI dal oPoR EFaL etk 1 2P,
coupl ed to sai ffom said operating voltage, said output of said input circuit providing a

second voltage at said pull-up node that is less than said operating

voltage; :
restore means for restoring said second voltage to a voltage that is

15 greater than said operating voltage wherein said restore means couples
the pull-up node to said first voltage supply terminal after said second
voltage is applied to said pull-up node, said restore means having an
input and an output, said input of said restore means coupled to said
pull-up node; ' , "

20 output circuit means for providing an output signal at the output of
the buffer circuit, said output circuit means being coupled to said output of
said restore means and directly connected to said pull-up node and to the
input of the buffer circuit; _

sleep means for minimizing dynamic power dissipation of the buffer

25 circuit, said sleep means coupled to said input circuit and said pull-up
node for disabling a signal appearing at the input of the buffer circuit
from said pull-up node, said sleep means also coupled to the output of the
buffer circuit for pulling a voltage appearing thereat to a predetermined
logic state; and

30 hold means for maintaining a logic state appearing at the output of
the buffer circuit then said signal appearing at the input of the buffer
circuit is removed, said hold means having an input coupled to the output
of the buffer circuit, said bus hold means having an output coupled to the
input of the buffer circuit.

35

3. A buffer circuit having an input and an output and having minimum
static and dynamic power dissipation, comprising:



output "of said restore nmeans; a second transistor having . and-second
current carrying electrodes and a control el ectrode, saifl RERACEN N TESHEDDY

of said second 35 transistor coupled to said pull-up nogle, saij %sbt s@z
current carrying el ectrode of said second ﬁéansi stor coulploze th.3 h LUt

of said restore neans, and said second curr&nt carrying
second transi stor coupl ed -15- to said first voltage supply term nal;
and a third transistor having first and second current carrying el ectrodes
and a control electrode, said control electrode of said third transistor

C|0UI0I eddt 0 ]E he out ph’éhiﬂér Aeiafls Tessiiftiagrefirss voRagel applied arafirstvoltager yi ng 5
e o LA AR EhBLaERHoRod fulh ke plo Pl v, 5P
transistor coupraithgeo thashiftenmeans heviig as infteand ar outpulcsaiddnpug ofo cl ai m
i oe" S 5.0, S8R B eshd o093 1d B 15 VRsie BudplSarhifl 51 "2, 10
control el ectrode ofaminRutcireyit havingsan input apd ancautpyt, saidioutpus of said sai d
restore neans, pauflckéditEodpled 8ta pAl-ip nbbe csAalRGGOIFai@ Mplt circhit
transistor coupled.to.the outpuj, of, the buffer .15  circuit, apd a second
current carryi n’éo'-g?'%‘gf? '"BPPng? l?‘ff%tc'rﬂ"gﬂréq'étob'm“t of said shiter
means coupled to said input circuit so that said input circuit operates
10 from said operating voltage, said output of said input circuit providing a
second voltage at said pull-up node that is less than said operating
voltage; .
restore means for restoring said second voltage to a voltage that is
greater than said operating voltage wherein said restore means couples
15  the pull-up node to said first voltage supply terminal after said second
voltage is applied to said pull-up node, said restore means having an
input and an output, said input of said restore means coupled to said
pull-up node;
_ output circuit means for providing an output signal at the output of
20 the buffer circuit, said output circuit means being coupled to said pull-up
node, said output of said restore means and the input of the buffer
circuit; and
sleep means for minimizing dynamic power dissipation of the buffer
circuit, said sleep means coupled to said input circuit and said pull-up
25 node for disabling a signal appearing at the input of the buffer circuit
from said pull-up node, said sleep means also coupled to the output of the
buffer circuit for pulling a voltage appearing thereat to a predetermined
logic state wherein said sleep means includes:
a transmission gate having first and second terminals and
30 being responsive to first and second control signals, said first terminal of
said transmission gate coupled to said input circuit, said second terminal of
said transmission gate coupled to said pull-up node;
- - a first transistor having first and second current carrying
electrodes and a control electrode, said first current carrying electrode of
35 said first transistor coupled to said pull-up node, said second current
carrying electrode of said first transistor coupled to a second voltage supply




coupled to said first voltage supply termnal; a second transist
first and second current carrying el ectrodes and a contr | REPIAGEN
control electrode of said second transistor directly connect ed\tB 0 nput
of the buffer circuit, said first 20 cur{lfnt carrying Beterode of 8ATd
second transistor coupled to the output of the buffer cir ; sai d
second current carrying electrode of said second transistor coupled to a
second voltage, supply termnal: and a third transistor haying first gnd
second current tq{ﬁﬁ'?%'i ﬁ@'%é?oéﬁ'iql Slfé'émé'ﬁodasaé‘g fiest drangfster ‘F‘B{P\i?d g‘éf%‘(ﬂlfah% I

el ectrode of sfifst cohtrobisighanaingt or 25  directly connected to said pull-up
node, said first current _carryi . e Qf .sal ' ' I
coupled to said first voFt"%&g}(‘gHﬁﬂei'ﬁﬁébSﬁc’jiﬂglc%',maﬁtodé\?#(ggé%%ﬂsﬁmggt
carryi ng el ect elegtrodes saidca chintrdl elecineda tsaid ficstpiusbnt carringoeleptrodefoft he
buffer cirgyit qn A f ' ' | ; | W,y Wherein
said hold %anga@%ﬁc&éggang@gﬁ?%?ﬁégﬁeglﬁ%'g%t[ﬁg&?F%B gﬁﬁ%ﬁ%ﬁlﬁé%%an out put ,
sai d input of SeeeNdbauFent carvving alegrdeyokeaidisegond transision geupled te said
buffer circuit gegendlvelags supply tBfmipial, Bdid cONRE Slech6dd of saltPs&sbridd t he

I nput of the byffe.r 35 gelé)%lt; .cont.rg] rreaqs regiﬁgnswe toathird
control signal FaRgstoriceup, receive saiddirgicantial siglialy| i ng sai d out put

i nverter.

10 4. The buffer circuit according to claim 1 wherein said input circuit
includes:

a first transistor having first and second current carrying electrodes
and a control electrode, said control electrode of said first transistor
coupled to the input of the buffer circuit, said first current carrying electrode

15  of said first transistor coupled to said pull-up node and said sleep means,
said second current carrying electrode of said first transistor coupled to a
second voltage supply terminal; and

a second transistor having first and second current carrying
electrodes and a control electrode, said control electrode of said second

20 transistor coupled to the input of the buffer circuit, said first current carrying
electrode of said second transistor coupled to said sleep means, said
second current carrying electrode of said second transistor coupled to
said shifter means.

- 25 6. The buffer circuit according to claim 1 wherein said restore means
includes: _

a first transistor having first and second current carrying electrodes
and a control electrode, said control electrode of said first transistor
coupled to said pull-up node, said first current carrying electrode of

30 said first transistor coupled to a second voltage supply terminal, and a
second current carrying electrode of said first transistor coupled to said
output of said restore means;

a second transistor having first and second current carrying
electrodes and a control electrode, said control electrode of said second

35 ftransistor coupled to said puli-up node, said first current carrying electrode
of said second transistor coupled to said output of said restore means, and
said second current carrying electrode of said second transistor coupled



16 8. = The buffer circuit according to claim7 wherein-sai -el—c—ﬁ_mf-rnqi"gé‘ ns
i ncludes: a NAND gate having first and second inputs| REPWE@%&EP,“% i

first and second inputs of said NAND gate being respectiv lﬁ ﬁﬂ:gggp tol} 5
receive said second and third control si gn%bs; an i nygbetern. . Aa¥rig aminhut

and an output, said input of said invertef ‘B€ing cou sard NAND gat e;
a first transistor having first and second current carrying el ectrodes and
a control electrode, said first current carrying electrode of said first 10
transi st or coupPeafid §rstyoltaga sypply tetminakrandai d second current carrying

el ectrode of said fig8$ird fr’a‘ﬁ§i‘sﬁir¢favﬁ1§»'l_ﬂ*s?ﬂn&%e§éh@ cuireht cdl‘?i'ih EeStrids)
termnal, said coptrol elle%t?&oge of, ,sai LI sirtra si st gr. coupl.ed to said
out put of said Gentro! elggtrode s gaid contro ﬁLelc ode ‘ﬂé\ﬂ 8“'14 SI3iQK second
current carryi ngpupled tethecoutpdest said restm:mtrrreains_(,ataaizitfi'retzlwrre?glticxiarfy"irlig_s2I
current caryi r . Qf. al d out put
inverter, sal dnésiggiéﬁgé 8ﬁrgf§'gﬁ}"r§3}ra?§§|§sgépé;&e%%?c%ga%#ﬁrgg?@%c%%'ir ansi st or
coupl ed to a sdesminaloandgaidssgeeng ausrent carryingglectrode obsaig thirdr ode of sai d

second transi stipindigiep cetplcd toaddid Hllﬂyn&fle.sai d inverter. 20 9. A buffer
circuit having an i1 nput anhd an out gut nd having m ninmum static and dynam c

power dissipation, conprising: an input circuit having an input and an
out put, said i npUrhetirsait Bctataity to claim 1 wherein said output circuit means
10 includes:

a first transistor having first and second current carrying electrodes
and a control electrode, said control electrode of said first transistor
coupled to said output of said restore means, said first current carrying
electrode of said first transistor coupled to the output of the buffer

15  circuit, and a second current carrying electrode of said first transistor
coupled to said first voltage supply terminal;

a second transistor having first and second current carrying
electrodes and a control electrode, said control electrode of said second
transistor directly connected to the input of the buffer circuit, said first

20 current carrying electrode of said second transistor coupled to the output of
the buffer circuit, and said second current carrying electrode of said second
transistor coupled to a second voltage supply terminal; and

a third transistor having first and second current carrying electrodes
and a control electrode, said control electrode of said third transistor

25 directly connected to said pull-up node, said first current carrying
electrode of said third transistor coupled to said first voltage supply
terminal, and said second current carrying electrode of said third
transistor coupled to the output of the buifer circuit.

30 7. The buffer circuit according to claim 3 wherein said hold means
includes:
an output inverter having an input and an output, said input of said
output inverter being coupled to the output of the buffer circuit, said
output of the output inverter being coupled to the input of the buffer
35 circuit; :
control means responsive to a third control signal and said second
control signal for enabling said output inverter.



circuit coupled to the input of the buffer circuit; 25 . —out put ,

circuit means for providing an output signal at the ouliptatriciipenbelEet '
circuit, said output circuit nmeans having an input beifg coupled to sald

output of said input circuit and to the input of the b{fm@é;_d,i,;i_.c_ﬂﬁﬁ_;l‘g_g?_ng
sl eep neans for mnimzing dynam c power “dissi pati on of ' |
said sl eep neans coupled to said input circuit and to said output 30 of

said input circuit for disabling a signal appearing at the input of the
buf fer circui t 8f r omlbaikufigticiguit @ccarding thelgim i wharain said gonfreldpeansins
al so coupl ed t pcldgegut put of the buffer circuit for pulling a voltage
appearing thereat to edet erm.ned logi,c state said s]ee ns ...
Mol uding: 35 o 8 NARD ertiayigfist A sspBoindifgnd 4 BulRiA, Said it
term nal s and andmsgcond omsts\of said NAND gatel beingorespeotivelplcoaplgddos, sai d
first termgal «salg ¢ 1 SSA . d to said input circuit,
said secon teF%er\‘Z?bgﬁd éﬁa%@lﬁdsgﬁﬁp@@ﬁ@% sﬁ%’n gate coupled to said
out put of said i npuaindnyertenhawvng andoput-and as stputasaidgnput ef saiddnvesternd
current carryi Bging &&ipiedes ngNgmehfégl el ectrode, said first current
carrying electrodé€ of  said fi rs%@tra | stor coupl ed to said output (;:)f said
input circuit, sai dadusbiransjstor vmrfir%aw y'??ﬁ@ﬁ)‘éPEUPPBﬁ%”Y}FQ&lg@“? @St
transi stor coughd®@ éénteoletsstrstie @aichiet sURBhYcArRYing RidctratiR of sHid fivst!
electrodem said first traé]§|st.r . . .

ransistor coupled to Said output inverter, said second current carrying

electrode of said first transistor coupled to said first voltage supply

terminal, said control electrode of said first transistor coupled to said

output of said NAND gate; and

a second transistor having first and second current carrying
15 electrodes and a control electrode, said first current carrying electrode of

said second transistor coupled to said output inverter, said second current

carrying electrode of said second transistor coupled to a second voltage

supply terminal, said control electrode of said second transistor coupled

to said output of said inverter.

20
9. A buffer circuit having an input and an output and having minimum
static and dynamic power dissipation, comprising:

an input circuit having an input and an output, said input of said input
circuit coupled to the input of the buffer circuit;

25 output circuit means for providing .an output signal at the output of
the buffer circuit, said output circuit means having an input being coupled to
said output of said input circuit and to the input of the buffer circuit; and

sleep means for minimizing dynamic power dissipation of the buffer
circuit, said sleep means coupled to said input circuit and to said output

30 of said input circuit for disabling a signal appearing at the input of the
buffer circuit from said output of said input circuit, said sleep means
also coupled to the output of the buffer circuit for pulling a voltage
appearing thereat to a predetermined logic state said sleep means
including:

35 a transmission gate having first and second terminals and
being responsive to first and second control signals, said first terminal of
said transmission gate coupled to said input circuit, said second terminal of



coupled to receive a first control signal; and a second fFaRststor —havi g |
first and second current carrying el ectrodes and a contr Iﬁfréﬂl-é&:%ﬁ’gs@n d
first current carrying electrode of 10 said second trapsisto :f&gﬂ

the output of the buffer circuit, said secgﬁd current c Tﬁ%ﬁl‘l%‘g--e rode of
said second transistor coupled to said setond voltage suppfy termnal, said
control electrode of said second transistor coupled to receive said first
control signal. 15 10. The buffer circuit according to claim2 wherein
sai d i nput circSaid transmissien gatq coupled ta saicsewipuhal/said inputeirawty second

of Said 1150 {pansiotor s tenBisaidthg St ehidusRond i r alging © i a
first current cP &y? 8 ‘g‘?rgfﬂlreg?fé §§5d£)‘"'§{ P%’%’&%Q{'@Q 3b°°§'296iﬁl%fd to
said pul I - :Jp noskid st tmsﬁbtoucwpledrto saidounpahef saidiinputehenit, saldrseebl nd
carrying el getr e t age
Supply  er mona Curter caP it plgCRbdn P SBISFARE vERYBI Lol B R BBENG | 72T
carrying el ect realtagessupply tasminal) selkiezmtmdjelecyade of said tirst fassisterde of said
second 25  tragsi éd’foﬁf&ew Jfré’t(%&?ﬁrdl Rjﬁal%féfhe buffer circuit, said

y| ng e

first current car sal secon tran5|stor cou Ied fo said
sl eep nmeans, sai d second %ﬁ?? traggisiormpavingtirst gpd second cyriest sagying

t raHSId st or couPéledtrMeeand ascftbrfttcgreléﬁtﬁme sal fnrsﬂ&urreﬁtf‘carhliﬁé eleotnddemft

accordi ng cla Lein. sai me

frans! st or Tavi ST ser0nd ipbSikisinuieid e TP e LR oBglt'sela
second current carrymg electrode of said second transistor coupled to said
second voltage supply terminal, said control electrode of said second
transistor coupled to receive said first control signal.

15 10. The buffer circuit according to claim 2 wherein said input circuit
includes:

a first transistor having first and second current carrying electrodes
and a control electrode, said control electrode of said first transistor
coupled to the input of the buffer circuit, said first current carrying '

20 electrode of said first transistor coupled to said pull-up node and said
output circuit means, said second current carrying electrode of said first
transistor coupled to a second voltage supply terminal; and

a second transistor having first and second current carrying
electrodes and a control electrode, said control electrode of said second

25 transistor coupled to the input of the buffer circuit, said first current carrying
electrode of said second transistor coupled to said sleep means, said |
second current carrying electrode of said second transistor coupled to
said shifter means.

30 11. The buffer circuit according to claim 2 wherein said restore means
includes: _

a first transistor having first and second current carrying electrodes
and a-control electrode, said control electrode of said first transistor
coupled to said pull-up node, said first current carrying electrode of

35 said first transistor coupled to a second voltage supply terminal, and a
second current carrying electrode of said first transistor coupled to said
output of said restore means;



and a-control electrode, said control electrode of said fﬁns?mmmsmwca
coupled to said pull-up node, said first current carryingj el ect E
said first transistor coupled to a second vol tage supply Batwiln Jﬂ Gd89L.....

second current carrying el ectrode of said L%rst transi st CoHpet— oS ard—
out put of said restore neans; - 18- a se€tond transistor having first and
second current carrying electrodes and a control electrode, said control

el ectrode of said second transi stoF‘ coupled to said,pull-up nqde, said

B .
first current carryRRPEONGdransigiophaving firsia 39?9%8%?6? NMRYed to said
out put of sai deletitodes arrhasontolielectrods] saidasonidl elsctrode ofsaid segond

Terminal s and TS counied 1§ sl Re Role, SRS Cauh catfimd Bedih
el ectrodes and c&sa@secﬂndeﬂrmlstodepupleddocsmm outpud bésaldambstm'e reeanss,tand d

transistor §°”%|La Ji gnfn‘?é’ﬁtp%&rpﬁﬁg %i’%d?rd’d%séfoéa‘?d $ee0rd tra gt&‘ %a;pusar rent

carrying 10 ransi stor coup Ie
vol tage suppl y@@ﬁ!ﬁ W&F voliage supRly dewwinal @dr ent carrying eI ect rode of said

third transistor cogimfd trshsistof hRtingfirst &9di8econd current carrying electrodes
and a control electrode, said control electrode of said third transistor
coupled to the output of said restore means, said first current carrying
10 electrode of said third transistor coupled to said first voltage supply
terminal, and said second current carrying electrode of said third
transistor coupled to said pull-up node.



