7 DEC 2004 REGENERATIVE TIE-H GH Tl E- LOW CELL BACKGROUND OF THE INVENTICN
5 1. FIELD OF THE I NVENTION This invention relates to integrafi gam%
and particularly to the famly of logic circuits. 10 2. DESCR I HE
RELATED ART Tying off unused logic inputs to the supply rails (Vcc and
"GND) can be risky due to_the damagi consequences of electrostatic
di scharge (ESD), 15 partBE@EEEB@T&H@rgﬁﬂﬂﬁT HE L@ tFRBLt 0 transistor
gates. Figures la and | b show the schenatic and block diagram
respectively, for a conventional tie-off «circuit. This type circuit has
been used t oBREBGRABND| 6§ ¢HE JAEHHTI@Md | ogic | ow (LO vol tages that
reduce 20 the ESD ri sk when tying off unused inputs. As shown in the bl ock
diagram 7 of Figure 1b, the circuit consists logically of a two-input NAND
gate 9 arfd ah.inveELlEé&P 8F WiHEh IHENANINgate's 9 output tied to one of it's
inputs (I1) and to the inverter's 8 input. The output of the 25 inverter 8
is tied to the second input (12) of the NAND gate 9. The H tie-off
vol tage is taken ffham tiheemitimnt refathe NANDhgageabedndirkeilt® tared of f
voltage is taken fromthe output of the inverter 8 Since the inverter 8 1
particularly to the family of logic circuits.

10 2. DESCRIPTION OF THE RELATED ART

Tying off unused logic inputs to the supply rails

(Vece and GND) can be risky due to the damaging

consequences of electrostatic discharge (ESD),

15 particularly where the inputs are tied to transistor
gates. Figures la and 1lb show the schematic and block
diagram, respectively, for a conventional tie-off
circuit. -This type circuit has been used to provide
_logic high (HI) and logic low (LO) voltages that reduce

20 the ESD risk when tying off unused inputs. As shown in
the block'diagram 7 of Figure 1lb, ths circuit consists
logically of a two-input NAND gate 9 and an inverter 8
with ﬁhe.NAND gate’s 9 output tied to one of it’s inputs
(I1) and to the inverter’s é input. The ourput of the

25 inverter 8 ié tied to the second input (I2) of the NAND

| gate 9. The HI tie-off voltage is taken from the output
of the NAND gate 9 and the LO tie-off voltage is taken

from the output of the inverter 8. Since the inverter 8



E 7 DEC 2004 assures that one of the NAND gate's inputs is conplenentary
toit's other input, under normal conditions one input to the NA@@ ?b 9
will always be a logic LOlevel, forcing the NAND gate's output to @b'
5 H level and as a result the output of the inverter will always be at a
logic LOlevel. In the chenatlc & r the conventional tie-off <circuit of

Figure |a, 3RS PRoer tRR 8088n§|sF SN gaFhanhRPUtFaAsi stor 5 and an
n-channel transistor 6 pair. ,The gates of these two transistors 5,6 are
tied toget heﬂ?om%e*f‘%%?ifwetpn&@r BePt9mpPWhd endedr 8PS t he
transistors 5,6 are also tied together to formthe inverter's output at
node 2 (N2). CQ%ﬁé%hﬁPét@“?hénfgtlﬁﬁbﬁﬂﬁ%‘%ﬁﬂ%u@%tetﬁewéé&r@éw@ﬂstW@ a
p-channel transistor 5 is tied to Vcc and the source of the n-channel
transi stor 61981€i kA {8VE\D. TPHE INAND hiatAND conle 565 ouf puthws op-ac Hagriet
I nput transistors 1,2 and two n-channel transistors 3,4. The gates of one
of the pSchahhelepelt paAspst or TeBuid Wre witphe of- thanievemtansivstldr s 3
are tied together to forminput 12 of the NAND gate 9, which is connected
to the out pirledysheei atept dogdcatlthdderell . and to the LO output terminal of
the circuit. The drains of these two transistors 1,3 are tied together to
form25 the H output termnal at node 1 (Ni) and al so connects
In the schematic for the conventional tie-off
circuit of Figure la, the inverter 8 consists of a p-
[0  channel transistor 5 and an n-channel transistor 6 pair.
The gates of these two transistors 5,6 are tied together
to form the inverter’s input and the drains of the
transistors 5,6 are also tied together to form the
inverter’s output at node 2 (N2}). To complete the
15 inverter circuit, the source of the p-channel transistor

5 is tied to V. and the source of the n-channel

transistor 6 is tied to GND. The NAND gate 9 consists of
two p-channel input transistors 1,2 and two n-channel
transistoré 3,4. The gates of one of the p-channel

20 transistors 1 and one of the n-channel transistors 3 are
tied together to form input I2 of the NAND gate 9, which
is connected to the output of the inverter 8 at ncde 2
and to the LO output terminal of the circuit. The drains
of these two transistors 1,3 are tied together to form

25 the HI output terminal at node 1 (N1) and also connects

to the Il input of the NAND gate 9 and to the input of

2



to the 11 input of the NAND gate 9 and to the input of 2 7 DEC 200k the

I nverter 8. The sources of the two p-channel transistors 1,2 %ée bied to
Vcc. In the NAND gate circuit, the two n-channel transistors&3,/40&Ee2004
connected in series with the source of one of these transistors 3 5

connected to_t he.drali f ot heQther transistor, 4.. Final t he source of
t ransi st or 4tP§ %gﬁﬁggﬁgdsfotaﬁi Sqéféi?éoéiF%%i w%o%f?éépg ?on, one of
the two n-channel . transi,stoors 3,4 is always OFF spo th o current flows
t hr ough this€58PFF8ho5ﬁ #h? 55%nﬁ%§3153$ﬁ@3ab0 g%%eﬁ%¥§t99 ®(negati ve
feedback) circuit consists of n-channel, p-channel transistor-pairs that
can under cetiarpHitendne &we, coHaiel vk 13N+ SBREs 08 LR reurpanSdtedan
alternative state where the H and LO 15 output levels are at voltages
i nt er medi at elbes@warsvBDthatdhaONDuree ot hepneoefisthehe EHraamdstodsevkls are
not uniquely defined and for certain conditions a netastable state can
exi st with poonhgciieti red thie aeiior ¢D tesepther Surhnshshgs ds process
spread, supply resistance, and G\ND 20 resi stance can cause these uncertain
conditions. Figadéy,2tiHd wsturmmesof herposssbbe fdeiastabhectest éo tGHR. can
exi st where the H output is less than the logic 1 |evel

In this circuit configuration, one of the two n-channel

transistors 3,4 is always OFF so that no current flows

through this portion of the circuit.

10
The above degenerative (negative feedback) circuit

consists of n~channel, p-channel transistor pairs that
can under certain conditions, converge with HI and/or LO
outputs in an alternative state where the HI and LO

15 output levels are at voltages intermediate between Vpp

and GND. In other words, the HI and LO levels are not
uniquely defined and for certain conditions a metastable
state can exist with poorly defined HI and/or LO-levels.
Such things as process spread, supply resistance, and GND

20 resistance can cause these uncertain conditions. Figure
2 illustrates the possible metastable states that can
exist where the HI output is less than the logic 1 level
and/or the LO output is greater than the logic 0 level;
e.g., glven as:

25



and/or the LO output is greater than the logic O level; e.g., given as: 25
3 7 DEC 2004 H = a Vcc , where 0 <a <1, and5LO:PVccE."7\A[ﬁir£eﬁ<(3
< |. The netastable |evel characteristics for the NAND gate and |nvg W%r,
respectively, are as follows: a=f (a,,8) and B=f(a) As a result, it is
possi ble that a can be significantly |ow and/or that (3 can be

significantly high spcghg% j ngoerecd| y deki hed POGi cal |evels result. This
means 10 that it is possi e to have tie-off |evels where the H and LO

| evel s are significantly below the Vgc aﬁdéo; above the G\D |l evel to the
extent that it efifect P thhec | ogpeaf Bufplt “of ‘the overall circuit function.

15 There is a recogni zed need for a tie-off circuit which provides for ESD
protection a[@ge at i\ §50@ 1981 bmaruotqueky idef ifived He D ¥R put

| evel s that orrespond to the Vcc and G\D | evel s, respectively. The
invention describe LbeLei nreddeessed1yhi arveas 20 1ows:
p=fla)-

As a result, it 1is possible that o can be significantly

low and/or that P can be significantly high so that
incorrectly defined logical levels result. This means
10 that it is possible to have tie-off levels where the HI

and LO levels are significantly below the Vee and/or

above the GND level to the extent that it effects the

logical output of the overall circuit function.

15 There is a recognized need for a tie-off circuit
which provides for ESD protection and at the same time
has uniquely defined HI and LO output levels that

éorrespond to the Ve and GND levels, respectively. The

invention described herein addressed this need.

20



4 7 DEC 2094 SUVMARY OF THE I NVENTION I n accordance with an aspect of the

present inv
stable tie-h
second trans
to assuret
exanpl e enbo
tying off

out put st at

ention, there is provided a tie-off circuit, Th7 ﬁg ?
igh, tie-lowlogic outputs, conprising, a first %rla

istor, and a third transistor that provides positive feedback

hat the second and third transistors are at desired states.

In

g#@ﬁﬁ%gafgmrﬁgﬁf %ﬁ%g&ggghﬁnhlghz ‘tie-lowcell (circuit) for

conditionally stable logic 1 and O

es, is disclosed. The circuit provides uniquely defined H

and

LO states to overchire hbeopaenty defiitted anet asipfjte stat exHhatpeaserii st
nal circuits of this type, where the circuit can converge with
H  and/or LOWRMBGR i ntASTSl t ePnatTeeidedt @ witds—oifift eFE@rate HPAAA LO

out put vol tage.| yals belusen VDR ; and (\D. The, o &gui t1 &k @i nagesoue

channel ~ transistor pair current paths and adds a regenerative

I n conventio

p- channel / n-
transi stor t

cdyciesirie circuit to its desired operating state.

a first transistor,

a second transistor, and

a third transistor that provides positive feedback to
assure that the second and third transistors are at

desired states.

In example embodiments, a regenerative tie-high,
tie-low cell (circuit) for tying off logic inputs that
provides unconditionally stable 1logic 1 and 0 output
states, 1s disclosed. The circuit provides uniquely
defined HI and LO states to overcome the poorly defined
metastable states that can exist in conventional circuits
of this type, where the circuit can converge with HI
and/or LO outputs in an alternative state with
intermediate HI and LO output voltage levels between Vpp
and GND. The circuit eliminates p-channel/n-channel
transistor pair current paths and adds a regenerative
transistor to force the circuit to its desired operating

state.

Finally, in a first preferred embodiment, the circuit
consists of only three CMOS transistors, reducing the
required silicon area and in turn dimproving the

reliability and lowering the cost of fabricated ICs.



Finally, in a first preferred enbodinent, the circuit consists of only
three CMOS transistors, reducing the required silicon area and in turn
inproving the reliability and [owering the cost of fabricat3§7|@§C 2004 DEC
2004 DESCRI PTION OF THE VI EWs OF THE DRAW NGS The included drawi ngs are as
follows: Figure la is a schematic for a conventional tie-off 5 circuit

requi ring si RESVRBPTLANSOSt THE. VIEWOrOmItiE BRAWIRGED is a | ogic bl ock
diagram for the conventional tie-off circuit of Figure 1. (prior art)
Figure 2 is a diagramillustrating the nmetastable levels that can exist in

the conventional fhgi ¢ntiledelf dkawdintgslidrofa&i gyLeoks:(prior art) Figure 3
is adiagramillustrating the desired logic levels for a logic tie-off

circuit. Figpiguéei 3aaischemiieatorc ongr eshoshent 18hathe st gsaf f  circuit
of this invention. 15 Figure 5 is a schematic for a second enbodi nent of

the tie-ff circuitcafitt Rieuiinvienf o Euds 7c Phes 2004 -LETALED DESCR!\PTI ON
The desired characteristics of a logic tie-off cell
Figure 1lb is a logic block diagram for the conventional
tie-off circuit of Figure 1. {(prior art)
Figure 2 is a diagram illustrating the metastable levels
that can exist in the conventional logic tie-off
10 circuit of Figure 1. (prior art)
Figure 3 is a diagram illustrating the desired logic
levels for a logic tie-off circuit.
Figure 4 is a schematic for one embodiment of the tie-off
circuit of this invention.

15 Figure 5 is a schematic for a second embodiment of the

tie—-0ff circuit of this invention.



(circuit) is one that is stable with the H (1) level 5 always at the Vcc
voltage and the LO (0) level always at GN\ND, as illustrated | n the |logjc
bl ock diagram of Figure 3. This invention acconplishes the é%?iggﬁ 8@gl.
The schematic for a first enbodiment of" the tie-off 10. cell (circuit) of

this inventiﬁETAfL?EOB@SEﬁIEEQ%%e 4. The regenerative nature of this

circuit overcones e possSibiTity of a netastable state that can exist in
conventional circuits, as discussed in the prior art, and assures that the
circuit quickly ag%ieves.th% d§$ireqt15 qut put (1 afd Q) logic state. This
circuit has no p-  eRaRR&rf§Ick & S Strohat r L RUFFeht SpathisCaid as a
result, eli 'nates.ELI.non-Vb% anLor non- GND nodes that can_cause the
poorly defineShbrasfnig SPgt &fattHe & % Corkithe BL (k) ederndbs
transi stQrs: imo E-changelV 20 transistors 40 and 42, and an n-channel
transi stdr 431Wa¥fedti FOFi Vois WRtEdSs i 11t kPe (@t alfvel sAways effe p-
channel transistors 40 is tied to the gate of the n- channel transistor 41
and in a rechPPocab fashistmateke irdrtdien lofgithéohechadhebramansi stgurdl is
tied to the gate 25 of this p-channel transistor 40. The H output signal
is taken of3.thEhdsainvehtibe pohepidsiteansistoes#fedhybel? 7 DEC 2004
the LO output signal is taken off the drain of the re-
The schematic for a first embodiment of the tie-off
10 . cell (circuit) of this invention is shown in Figure 4,

The regenerative nature of this circuit overcomes the

possibility of a metastable state that can exist in

conventional circuits, as discussed in the prior art, and

assures that the circuit quickly achieves the desired

15 output (1 and 0) logic state. This circuit has no p-

channel/n-channel transistor pair current paths and as a

result, eliminates all non-V.. and/or non-GND nodes that

can cause the poorly define metastable states. The
circuit consists of three CMOS transistors: two p-channel
20 transistors 40 and 42, and an n-channel transistor 41.
The circuit is wired such that the drain of one of the p-
channel transistors 40 is tied to the gate of the n-
channel transistor 41 and in a reciprocal fashion, the
drain of the n-channel transistor 41 is tied to the gate
25 of this p-channel transistor 40. The HI output signal is

taken off the drain of the p-channel transistor 40 while



channel transistor 41. The second p-channel transistor 42 is added to
provide a startup state and assures that the gate of the n- ch n‘pInE(g: 2004
transistor 41 is never LOor 5 floating. Transistors 40 and 41 provide
regeneration positive feedback) to maintain the correct H and LO

states. Both Bée%gg%gtﬁﬂq gr nré %t%gksrefé)gﬁs&%g ng“(ﬁ% gﬁm stor 42 are

tied to the drai & “oth anne fplif) and to

the gate of 10.n; | tor 41, Th bot h . p- channel
he gare of e A0 ulgansl by e sy ST ParRe TR ga‘épéé"’s&%r?%e

n- channel trggmstor 4 ed | on, the p--channel

transi st or otdr gldﬁie%S t%)elz"’f":é)rV tCPea aptﬁ‘faﬂtbuﬁeret 15 aEﬂaﬁﬁéPrFFaﬁéﬁastt or'

41 gate, églng %he %r sistor, 41 and forcing its output LO

Li kewi se, fi- ER&M&l §n§| “Suymne 1tﬂ?%?hsﬁ%¥f6}nﬁsaneH8Fl L@o®*- on the
p- channel tr?Tmstor S 0 at.e, turn4)¢1g fﬁih‘g transistor 40 ON and forcing
its output °ﬁ§lP8ng %§HQE§ 1 1cBﬁﬂV%?6n§eg§nﬁéﬁFéPﬁed t he
desired H/LO'oytput |o |c | evel s, wi|l be achieved since both the
p-channel tr&RSPetdVesderidanle = matrlain ahleseoFraset Hieaom, LOnder
normal operating conditions, the P-channel  transistor 42 is OFF. However,
if for any r&h88RfSthe ?@hg§ﬁ§(ﬂaQQKﬁﬁﬂc%%%h%lOfrﬁhéﬁsﬁﬁﬂoﬂQ pacbennied gat e

of p- channel tran3|stor 42) is ever nonentarily LO or 8
transistor 42 are tied to the drain of the other p-

channel transistor 40 (HI output) and to the gate of the
10  n-channel transistor 41. The sources of both p-channel

transistors 40 and 42 are tied to the Vq. supply and the

source of the n-channel transistor 41 is tied to GND.

In operation, the p-channel transistor’s 40 drain

15 .peﬁforms a pull-up on the n-channel transistor’s 41 gate,
turning the transistor 41 ON and forcing its output LO.
Likewise, the n-channel transistor’s 41 drain performs a
pull-down- on the p-channel transistor’s 40 gate, turning
the transistor 40 ON and forcing its output HI. As long

20 as either of these conditions is performed the desired
HI/LO output logic levels will be achieved since both the
p-channel transistor 40 and the n-channel transistor 41
are ON. Under normal operating conditions, the P-channel
transistor 42 is OFF. However, if for any reason the

25 gate of the n-channel transistor 41 (also the gate of p-

channel transistor 42) is ever momentarily LO ox

8



7 DEC 2004 floating, this will turn ON the p--channel transistor 42, which
in turn wll pull the gate of the n-channel transistor 41 higﬁ?-tHEfiﬁﬁh
transistor 41 ON, and this in turn will pull down the gate of tﬁe 4
p- channel transistor 5 40, turning transistor 40 ON, to achi eve the desired

M /'LO out put g§lakdtg A RGO LONEL SEH, ALY SFLAALARAY %fra;nhsg].ggti[ﬁefeog cel |

(circuit) of this i1nvention Is shown i schenafi c™0 " Li ke
the circuit .Ehgur.e thi ' i {1 ha =channel / n- - channel

transi stor pglﬁ]%srggr?d tg"sma Jrlel'sslulcél',rlfgl Jl&rlngn‘g?g(g QFI Qﬁ%npvg@agr?cﬁ r non- G\D
nodes that c t paoy ' astable state Thi I rcujt

al so consi st gqgﬁ%ﬁggga%i%’ngﬁé%%fggeﬁﬁ%niésﬁiaghgﬁmém't raeﬂfzi 6t B and
52, and a p-c¢hannel. 4tr i S 5. The . cirgujt is wired such that the
drain of on%u% tJéjhfﬁﬁghﬁ%ﬂh%r%%%i%?%?sogokﬁg PrE %ﬁ?éyu§r%ﬂﬁ¥§§ﬁrthe
p- channel ctragnsi stor .51 and in. recjprocal  fashion, the drain of the
p-channelstrg §izﬁﬁnﬁﬁﬁf%§?Q%i§%ﬁFt%gtﬁ ' B?eaSPlFﬁﬁstﬁ@t eq r ansi st or
50. The H t Qut Si nq{ is taken off the drain of the p-channel
transistor 5 EYHIL SothPut signal is taken off the drain of the

n- channel transistor 50. The second n- channel transistor 52 is added to

provide a startup state 25 and assures that the gate of the p-channel
transi stor 51 A second complementary embodimént of the tie-off

cell (circuit) of this invention is shown in the
10 schematic of Figure 5. Like the circuit of Figure 4,
this circuit has no p-channel/n-channel transistor pairs

and as a result, eliminates all non-V.c and/or non-~GND

nodes that can cause the poorly define metastable states.
This circuit also consists of three CMOS transistors: two
I5 n-channel transistor 50 and 52, and a p-channel
transistor 51. The circuit is wired such that the drain
of one of the n-channel transistors 50 is tied to the
gate of the p-channel transistor 51 and in a reciprocal
fashionr tﬁe drain of the p-channel transistor 51 is tied
20 to the gate of this n-channel transistor 50. The HI
output signal is taken off the drain of the p-channel
‘tranSistor 51 while the LO output signal is taken off the
drain of the n-channel transistor 50. The second n-
channel transistor 52 is added to provide a startup state
25 and assures that the gate of the p-channel transistor 51

is never HI or floating. Transistors 50 and 51 provide

9



is never H or floating. Transistors 50 and 51 provide 9 L 7 DEC 2004
regeneration (positive feedback) to naintain the correct ?ng bg) ﬁat es.
Both the gate and drain of the re- channel transistor 52 are dJED

drain of the other n-channel transistor 50 (LO output) and the gate of the
5 p-channel transistor 51. The sources of both p-channel transistors 50

and 52 are tFe@ePBrakboRnd AT toif deeetbaghh Eocﬁahﬁélaltnr A0S SOITEL j s
tied to the Vcc SUWE( In operation, the n--channel transistor's 50 drain
performs a pifl 2BEWRCOR EEHESy- chaifidl ERandrteopnd 91ai® @&t &het wmning t he
transistor 51 ON and forcin Sg:,cm;s output H . Likew se, thefp channel
transi stor' sCBANARAI kLI5S R AR - bbedntehEhA- dradmeloft tasiofther s 50
gate, turning the transistor 50 ON and forcing its output LO As long as
either of thesehasngilt té’@élﬁlss‘:ﬁéfrfiﬁ ek t petpBt desnded gl Padeowtiputhd evel s
wi |l be achieved since both the n-channel transistor 50 and the p-channel
transi stor BichraneN twederlsiormetl opeflati agucerdi pifolstht Ipe-ahanrsHannel
transistor 52 is OFF. However, if for any reason the gate of the p-channel
transi stor 5trgabdstors gdt @nst 30 axe chandetot EHAs iasidort K82 )s dus- aey er £
nonentarily H or floating, this will turn ON the p-channel transistor 52
whi ch in turhhei pFcpannelhe gratei 9for hel pishtnrdl to the V. supply.
In operation, the n-channel transistor’s 50 drain
performs a pull-down on the p-channel transistor’s 51
10 gate, turning the transistor 51 ON and forcing its output
HI. Likewise, the p-channel transistor’s 51 drain
performs a pull-up on the n-channel transistor’s 50 gate,
turning the transistor 50 ON and forcing its output LO.
As long as either of these conditions is performed the
15 desired HI/LO output levels will be achieved since both
the n-channel transistor 50 and the p-channel transistor
51 are ON. Under normal operating conditions, the n-
channel trénsistor 52 is OFF. However, if for any reason
the gate of the p-channel transistor 51 (also the gate of
20 n-channel transistor 52) is ever momentarily HI or
floating, this will turn ON the p~channel transistor 52
which in turn will pull the gate of the p-channel

transistor 51 low, turning transistor 51 ON, and in turn

will pull up the gate of the n-channel transistor 50,

10



transistor 51 low, turning transistor 51 ON, and in turn wll pull up the
gate of the n-channel transistor 50, 10 7 DEC 2004 turning trapsifspot A4
ON, to achieve the desired H/LO output states. The prinmary advantages of
the cell(s) of this 5 invention are (1) the unconditional stable output

| ogi ¢ st at esufd)inighe relnsigtair G0 o anyo t4@nsesé othpadestyeteAlr /pat hs
whi ch prevents the possibility of netastable states, (3) the m ninal
transi stor coudtpdit Gratesults in a reduction 10 of required silicon area,
and (4) the regenerative functionality of the circuit. Wile this

i nvention has been described in the context of two preferred enbodi nents,

it will be apparentrhel primdhpsedekhtadgdsi arthgeact1tihal bhecprgsent
invention may be nodified in nunerous ways and may assune enbodi nments

ot her thanst hathweRacidd eatd y(BetrpetuddenqdesshhbedtabBore oufee®@r dichaly, it
is intended by the appended clains to cover all nodifications of the 20

invention thatsfaldsg Within the true spirit and scope of the invention. 11
1-77 DEC 2004

{(2) the elimination of any transistor pair current paths

which prevents the possibility of metastable states, (3)

the minimal transistof count which results in a reduction
10 of regquired silicon area, and (4) the regenerative

functionaiity of the circuit.

While this invention has been described in the
context of two preferred embodiments, it will be apparent
15 to those skilled in the art that the present invention
may be modified in numerous ways and may assume
embodiments other than that specifically set out and
déscribed above. Accordingly, it is intended by the
appended claims to cover all modifications of the
20 invention that fall within the true spirit and scope of

the invention.

i1



| Cdaim 1. Atie-off circuit, which exhibits stable tie-high, tie-Ilow

| ogi ¢ outputs, conprising: 5 a first transistor; a second trani?slqmﬁ 200k a
third transistor that provides positive feedback to assure that sa

second and third transistors are at desired states. The tie-off CIFCUIt of
Claiml, whereigisdmd first, second, and third transi stors each have a
first electrode, a second electrode, and a third electrode. 15 3. The
tie-off circuit of Claim?2, wherein said first el ectrodes of said first,

second, and fhirda rarsicHOrs ane ¢ hesei @ nekgadse of ségbﬁe £5a0gk§40r S;
sai d second el ectrodes of said first, second, and th tran5|sto s'are

the gate |eads of saisd1dy ansyid Wsp @, S@érﬁpwé{ﬁ’ el ectrodes of said
first, second, and third tran5|stors ar'e the sourc% | eads of said 25

tran5|st0r§ 12 F' o7 ABG 2804 nsistor;

a second transistor; and
a third transistor that provides positive feedback

te assure that said second and third transistors are
at desired states.

10
2. The tie-off circuit of Claim 1, wherein

said first, second, and third transistors each have

a first electrode, a second electrode, and a third
electrode.

15
3. The tie-off circuit of Claim 2, wherein

sald first electrodes of said first,. second, and
third transistors are the drain leads of said
transistors;

20 said second electrodes of said first, second, and
third transistors are the gate leads of said
transisters; and
said third electrodes of said first, second, and
third transistors are the source leads of said

25 transistors.

12



4. The tie-off circuit of daim3, wherein non-Vcc or G\D voltaganodes are
elimnated. 5. The tie-off circuit of Claim4, wherein the flow bf 7 BEC awg
current through p-channel/n-channel transistor pairs is elimnated. 6. e
tie-off circuit of Claimb5 that is functionally regenerative. 10 7. The

tie-off circyit o I r.el n .saj | nd third transistors are
p- - channel C%CS ?Pghgﬁgigggﬁngﬁghgg?35§é%%%§$t?&ngbg Sgnigogﬁbixbﬁﬁhne
CMOS 15 transistor. 8. The tie-off circuit of Claim7, wherein said first
el ectrode of sai dGNPr 310 153 inQARS [ &re 1§ eHME0288fd second el ectrode of
said second 20 transistor, to said first and second el ectrodes of said
third transistor, and to the H output termnal; said first el ectrode of
sai d second fransiI$Eortiesoff &l t@5%h| of sekahll &) evhpsgdnoftheaifd oy rasf 25
transistor and to the LO output termnal; said third electrodes of said
first andthird rarsng dhrergh theechapnsténsapphpetoltragsisdiny rirs

is eliminated.

6. The tie-off circuit of Claim 5 that is functionally

regenerative.

10
7. The tie-off circuit of Claim 6, wherein

said first and third transistors are p-channel CMOS

transistors; and

said second transistor is an n-channel CMOS

15 transistor.

8. The tie-off circuit of Claim 7, wherein

said first electrode of said first transistor is
tied to said second electrode of said second

20 tranSistor, to said first and second electrodes of
said third transistor, and to the HI output
terminal;
said first electrode of said second transistor is
tied to said second electrode of said first

25 transistor and to the LO output terminal;
said third electrodes of said first and third

transistors are tied to Vg supply voltage; and

13



7 DEC 2004 said third electrode of said second transistor is tied to G\D.
9. The tie-off circuit of Aaim6, wherein 5 said first and thiffd DEC 2004
transistors are n--channel transistors; and said second transistor is a
p- channel transistor. 10. The tie-off circuit of daim9, wherein 10 said

first electrode of _said first,transi,stor.is, tied to,said second el ectrode
of said second t7&h ig?bF? ?%eEEFBdFiPétS 6}§¥%%ﬁﬂgeﬁ¥ﬁﬁ§bﬂEgrofs sai d

third transistor,_and to &g LO output termnal; 15 said first el ectrode
of said second trahefstr®¥8- tied to said second el ect-rode of said first
transistor and to the H output termnal; said third output termnals of
said first and third transistors are tied to GND, and 20 said third

el ectrode of saidTg%cBh%_??5n§F§F8Fti§f Gledm & vethetpity vol tage. 25 14

REGENERATI VE TI E-H GH Tl E- LOWN CELL ABSTRACT
5 said first and third transistors are n-channel

transistors; and

said second transistor is a p-channel transistor.

10. The tie-off circuit of Claim 9, wherein

10 said first electrode of said first transistor is
tied to said second electrode of said second
transistor, to said first and second electrodes of
said third transistor, and to the LO output
terminal;

%5 said first electrode of said second transistor is
tied to said second electrode of said first
transistor and to the HI output terminal;
said third output terminals of said first and third
transistors are tied to GND; and

20 said third electrode of said second transistor is

tied to Vg supply voltage.

235
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A regenerative tie-high, tie-lowcell (circuit) that provides
unconditionally stable logic (1 and 0) output states used tOE:I F Detf [J}rﬂgl C
i nputs. The circuit of this invention elimnates any current - flom/thr

p- channel / h-channel transistor pairs found in many conventi onal CIFCUItS

and adds a regenerative ty t Q. assure rapid.response in
achi evi ng the proper IoglgﬁGEth§F1¥ aﬁ$§_ﬂ éLQQ%r? enbodi nent, the

circuit consists of only three CMOS transistors 40- 42 that reduce the
silicon area required, |owers the cost, and i nproves the overal
reliability. Figure 4 ABSTRACT

5 A regenerative tie-high, tie-low cell (circuit) that

provides unconditicnally stable logic (1 and 0) output
states used tc tie off logic inputs. The circuit of this
invention eliminates any current flow through
p-channel/n-channel transistor pairs found in many

10 conventional circuits and adds a regenerative transistor
42 to assure rapid response in achieving the proper logic
output states. In one preferred embodiment, the circuit
consists of only three CMOS transistors 40-42 that reducs
the silicon area required, lowers the cost, and improves

15 the overall reliability.

Figure 4

15



