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
E 7 DEC 2004particularly 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



assures that one of the NAND gate's inputs is conplenentary to it's other

i nput, under normal conditions one input to the NAND gate 9 vkl be
a logic LOlevel, forcing the NAND gate's output to a |logic éakziﬁgxgyﬁ%nd

as a result the output of the inverter will always be at a logic LO | evel.
In the schematic for the conventional tie-off ~circuit of Figure la, the

inverter 8 COTETEEE bRah BRE0Oth&RSeNANDL MR 'cF SPBHESaASH- channe
transistor 6 pair. The gates, of these two transistors 5,6 are tied
toget her t FIBRHPTRREPAVeFPers S| iR RWer dradas BPTMAd transistors
5,6 are also tied together to formthe inverter's output at node 2 (N2).
To conpl et e EPREIEIPAFePREr 18PMCUITC, Hhfe NBIR c@ae Phieiplchdmwaals teamsi stor
Sis tied to Vcc and the source of the n-channel transistor 6 is tied to
GND. The NANDPGEEelQ t6iHsilst Sogcinandhe dPetatapat ocutandi $toors 1lpgd and
two n-channel transistors 3,4. The gates of one of the p-channel 20
transi st 8rs HI ah@veheaBfl BReanreshdindiha rabiepet op§ 8B8her dnvieingért eygdtlher to
forminput 12 of the NAND gate 9, which is connected to the output of the
inverter 8 atlwade Pe ahdat dogtie LO dryrilt. 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 also connects to the Il input of the
NAND gate 9 and t®dnt hbei spbiemaftiZz 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



7 DEC 200k the inverter 8. The sources of the two p-channel transistors 1,2
are tied to Vcc. In the NAND gate circuit, the two n-channel£§ra§5|stors
3,4 are connected in series with the source of one of these andk

5 connected to the drain of the other transistor 4. Finally, the source of

transistor 4._is ﬁggn%%%%dsto EM%‘EAJE h|§o§|r |éw80nf| uration, one of

the two n- ch%ﬂﬁe Eransi stor mays t%af A8 Carrent flows
th h thi t. h b t t
foedback) ci FEAPE: SEafsr dré SP et v %Sh%e ﬁéeﬁﬁéﬁsbéi bai Te 1 hat

can under certain conditions, converge with H and/or LO outputs in an
al ternative §1§§élﬁhe¢@etWEQﬂn1ﬁﬂﬁQK?hSt%®m%H$t¢é$eB84aﬁ@eaFO@@EKéGé%
intermedi ate between VDD and GN\D. In other words, the H and LO | evels are
not uni quel §ndekiraed andhf dhearawlee cohdine ods gheseatrabséstoms & can
exist with poorly defined H and/or LO |levels. Such things as process
spread, suppEpnnesitstarice thenddGND 20f rels¢ sthher tunansagsert Hese uncertain
conditions. Figure 2 illustrates the possible netastable states that can
exi st where FheabBllyouttpet soitessof hapanhiestoyi ¢ 1s| evphecird/ dio G LO
output is greater than the logic O level; e.g., given as: 25
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



3 7 DEC 2004 H = a Vcc , where 0 <a <1, and 5 LO=P Vcc , where 0 < (3
< |. The netastable level characteristics for the NAND gate [& DED’?D[?’?
respectively, are as follows: a=f (a,,8) and B=f(a) As a result,

possi ble that a can be significantly |ow and/or that (3 can be
significantly high so that incorrectly defined |ogical levels result. This
means 10 that it gigS =pg§$%é e, twhéaweOt Keaokf 1| evelsl where the H  and LO

| evel s are signiﬁicantly el ow the Vcc and/or above the GND |l evel to the

extent that it effects the 1ogical But pgt otCL the overall circuit function.
15 There is a redsyr fed/oeed ¥BPLY Vi &-8f £ &ircuit which provides for ESD

protection and at the sanme tinme has uniquely defined H and LO out put

evel s {hat p correspong, o 1 beeYcenandcEipibeieis fasE i /g2 he
i nvention deTg}:er ir{)ee erein ad_dr essed this need. 20 4 7 DEC 2094 SUWARY CF
THE INVENTI%%éj&g@gp{ggpcgegbgbtagea§pe@taﬁédfﬁpkﬁqm%ht

5 o= f(a,f) and
B =f(a)-

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



invention, there is provided a tie-off circuit, which exhibits stable

tie-high, tie-lowlogic outputs, conprising, a first transig@gf (i §@ppnd
transistor, and a third transistor that provides positive feed a@ﬁ to
assure that the second and third transistors are at desired states. In
exanpl e enbodi nents, a regenerative tie-high, tie-lowcell (circuit) for

tying off | oqgig,,J t I nconditionally stable logic 1 and O
out put statggﬁmygﬁgig%f@%@%.f#ﬁﬁhﬂﬁ?@ﬁit provi des uniquely defined H and
LO states to overconme the poorly defined netastable states that can exi st

in conventional ciTcui hgcooflahbes twipg WARre ddpecd rcoft &R copyesgetwi th
H  and/or LO outputs in an alternative state wth internmediate H_and LO
out put vol t ageTeet@ bettieds VDD RFAIVEAET Phe tdioreditt efrmihsr eswhich

p- channel / n- chapnel . ¢ transiipior paid_ ey ent heoand pgdds.a r rative
transistor to force the circuit to 1ts desired operating ~state. nalfy,
in a first praferrisdirenbodi nent, the circuit consists of only three CMOS

transistors, reducing the required silicon area and in turn inproving the
reliability and |o“'\‘/\e$ﬁ1% (HETAT G £ abr i cated | Gs. 5

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.



7 DEC 2004 DESCRI PTION OF THE VI EWs OF THE DRAW NGS The i ncl uded draw ngs
are as follows: Figure la is a schematic for a conventi onal %%e-off 5
circuit requiring six CMOS transistors. (prior art) Figure I 7 $E8 PRl c
bl ock diagram for the conventional tie-off circuit of Figure 1. (prior
art) Figure 2 is a diagramillustrating the netastable levels that can

exi st in t heDESOREATILONaDE! GgiEc MIBNDIGF MHEi pRAWENGE Figure 1. (prior art)
Figure 3 is a diagramillustrating the desired logic levels for a logic
tie-off circuit. Figure 4 is a schematic for one enbodi nent of the tie-off
circuit of this inxentheaudkd Hrgiwinds isr& sshesntbestor a second

enbodi nent of the tie-off circuit of this invention. 6 2 7 DEC 2004

DETAI LED DESERGRFEOMaTHE desicheshaatiar afd€rd sébgseRt i8nkegicg tiggof f cel
(circuit) is one that is stable with the H (1) level 5 always at the Vcc

vol tage and the L@igBhikevelpalvims atx Eddls @Sahbhiysbrated ikﬂ?éf%ﬁc

bl ock diagramof Figure 3. This invention acconplishes the desired goal.
The schematipifgreaibi ist aenRAideNtoOf "aideriherQff tnd0cct®ldn tiddauit) of

this invention is shown in Figure 4.

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.



The regenerative nature of this circuit overcones the possibility of a
met ast abl e state that can exist in conventional circuits, ag discus ﬁﬁ in
the prior art, and assures that the circuit quickly achieve 'ﬂhBEéé&

15 out put (1 and 0) |l ogic state. This circuit has no p- channel /n-channel

transi stor EBEPESE§&@§I%EP as a result, elimnates all non-Vcc
and/ or non- can cause the poorly defi ne netastabl e states.

The circuit conS|sts of three CMOS tran5|stors two p- channel 20

transi stors 40 anﬂ 4 and %n ﬁ char%t . transisior 41. circuit is
wired such that thg dgglﬁ 5 & Iiﬁha et %?ﬁﬁ§|§%8r§f§00?§1tled
to the gate ?f t he. 03 channel Qran3|stor 1 and in a reciprocal fashion,

t he drain o CHRGUAE &héﬁngpe F StAPIS Withy tloct Hé daielosedt this
p- channel S|stor 4% HI utput signal is taken off the drain of
the p-ch nne? Y?%ﬁs?gt Pe480WhWP BEEgiéﬁﬂ ¥%e(Qb bavplt adrgmal aits

taken off the drain of the re- channel transistor 41. The second p-channel
transi stor @i saaddédustérpted de dhst draqip: st hvek adtlagssur es Fhatiret he
gate of the n-channel transistor 41 is never LOor 5 floating. Transistors
40 and 41 prdvi déhiegengeatiion aquomplivshdeddbackestinedngohain the correct
H and LO states. Both the gate and drain of this second p-channel
transistor 42 are tied to the drain of the other p-
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 40 (H output) and to the gate of the 10 n-channel
transi stor 41. The sources of both p-channel transistors 40 ad@‘f%ﬁgy? 04
tied to the Vcc supply and the source of the n-channel transistor ig
tied to GND. In operation, the p--channel transistor's 40 drain 15 perforns

a pull-up ontﬂge%‘g- 8{1@@9? Egrg% S sitso_rééskél%h(gg e‘&‘ﬁ%ﬁﬁ’égqu?gﬂ&t ransi stor 41

ON and forcing its out i Kewi s¢e, fol*s 41

drain perfor a ull - -on the p-ghannel transistor's 40 gate, turning
the transi stggaﬁﬁe%\lh:e%ﬁgg\f/{%rté’irngﬂ s q&lﬁ Pt C R %Cﬁ%’ﬁﬁegotéé ELEREF of
these conditigns is perfornmed the desired  H/LO output logic levels, wll
be achi eved $fné& Sgﬁﬁdtﬁg PO e TrEnsrReraup gﬂﬂ fREVASEh &R

t ransi st or 4%h are ON. _Under normal operating conditions, the P-channel
transistor 43PPsI8EE. OfoleM "GN SRARRLSEAT t hd 28 BEVEToLO RE

n- channel_ transi stor 41 _(alsq the ga of p-_channel transistor 42) is ever
monent ar i1 y ?%O-BF1§97 Dggaﬁdftfq’iét‘f(ﬁg?nq hts RFPY1€Er RegRNERBEHONChannel
transistor 42, which in turn will pul] the gate of the n-channel

transi stor 41PRPGRIVEULFERY S NG tRA 102 N, ChRdCPRFSCENHIt aPA WA | pul |
down the gate of the p-channel transistor 5 40, turning transistor 40 ON,
to achi eve tRE2#ESIre@°tH MPS SApYutaRd ABRinp05ckbh8 E8RPREMBNCRAPNE]

enbodi ment of the tie-off .
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



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 -ehgﬁféhw
transistor pairs and as a result, elimnates all non-Vcc and/ or 4
nodes that can cause the poorly defi ne netastable states. This circuit

al so_consi st 10, ttﬁmgeetwesm@m&t 'Sis LHR d5RARRANGI, Lransist of, 50 and

52, and a p- chann t ransi st or he circu I'S mnre SUS

draln of ong, qt t he, n-ehan géﬁff'éﬂgrifég 6% Ehgd to.the Jgate of the

p- channel tranS|s or 51 an reci fashron, T E3VEn of the

S0 The 1 GBEE L nal T ﬁl%qg’kélgu&?tﬁgh%‘g%?gll%LEB%hlt‘lﬁre%B‘Chann gnid 5 St

t tor 5 th t f{ the_ d f th
- channel ¢ SHarer G 5 B MR R P RRGh et 2 AR 1o

rovi de agst rt state and, assur at _the ate of the channel
!toran5| sto % Uﬁe\/lr I%ﬁr“onmﬁ %’fl%@ &Qf ahgi &8¢ ?‘?vgoté]ﬁd@%%'%in de 9 L 7

DEC 2004 reg 03|t|ve feedback) to maintain the correct H and
LO states. %ﬁﬁ&?% ng %t%in of the re- channel transistor 52 are
tied to the drain of the other n-channel transistor 50 (LO output) and the

gate of the 5 p-cgennel t ansisior 51. The sources of both p-channel
transi stors 50 an t?%ﬂp GNP bR dSPRRALBEREe Odf tre 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



t he p-channel transistor 51 is tied to the Vcc supply. |In operation, the
n--channel transistor's 50 drain perforns a pull-down on the%p CBEfnfl
transistor's 51 10 gate, turning the transistor 51 ON and for ng s2004
output HI. Likew se, the p-channel transistor's 51 drain perforns a

pul | -up on the n-channel transistor's 50 gate, turning the transistor 50
ON and forci FgI9fPRETabeptt (POS1tAYS iRedaekt hkP BRinked® &HRdiCOXERES s
performed the_15 desired H /LO output |levels will be achieved since both
the n-channelilt fBAsLOt SEaSESand thEh-erandrbet pRAsHEEdN o1 thHee TGN, Under
normal operating conditions, the re- channel transistor 52 is OFF. However,
if for any reh8BRelt RE3GHS G tHe Irenahedl tor BRsi sradns P dihso attheyat e
of 20 n--channel transistor 52) is ever nonentarily H or floating, this
will turn ONAtfBapheRafi@nsirsdimst stOr (B2 owkpeh) i andutthenidatepd thwe gate
of the p-channel transistor 51 low, turning transistor 51 ON, and in turn
wi |l pul I5 upptabagaed &rartfestahanhel Thanspsrees50f both PECH2O04 X ur ni ng
transi stor 50 ON, to achieve the desired H/LO output states. The primary
advant ages ofr&heisdlorss)s bfandis? saiavehedohcafdD( ndt Hédeursconstiet icohal
stable output logic states, (2) the elimnation of any transistor pair
current paththe p-channel transistor 51 is tied 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
transisto: 51 léw, turning transistor 51 ON, and in turn

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

10



whi ch prevents the possibility of netastable states, (3) the m ninal
transi stor count which results in a reduction 10 of required skl fcREC 8083,
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 apparenitng Iraneitdtase Skiddedtd nacihiceast thbatletheedr 45€nd

i nvention may be nodified in nunerous ways and may assune enbodi nents
ot her than thatutppecisftaaaldy set out and described above. Accordingly,
is intended by the appended clains to cover all nodifications of the 20
invention that fall within the true spirit and scope of the invention.
1-77 DEC 2004 | O ain8 pidaty exdfdn€hgssli b vheChe€Xhihi bg shakl e

tie-high,

tie-low logic outputs, conprising: 5 a first transistor; a

it

1

second trapsi ShQien@nth addi () tEgashstOnal habnRl 0¥t AR ePBSiHlte 1bgadback
to assure that said second and third transistors are at desired states.

The tie-off cigiGds of Caim1l, wherein said first, second, and third
transi stors each have a first electrode, a second electrode, and a third

10

15

20

{(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
of reguired 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
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
invention that fall within the true spirit and scope of

the invention.

i1



electrode. 15 3. The tie-off circuit of Caim2, wherein said f[rst
first,. second, and third transistors are t[ﬁe? PED 2004
| eads of said transistors; 20 said second el ectrodes of said first,

el ectrodes of said

second, and third

transistors are the gate | eads of said transistors;

said third el gactriedes of said first, second, and third transistors are

source | eads of sa

d 25 transistors. 12 F' 7 DEC 2004 4. The tie-off

and
t he

circuit of Cdaim3, wherein non-Vcc or G\D vol tage nodes are elimnated. 5.

The tie-off circui ta efi eCliandd, rovies eivhide dhove of 5 étSH%EeEHetﬂﬁg%gh

dircuit

p- channel / n- channel
of Claimb5 that is

Claim6, wherein said first and third transi s

transistor pairs is elimnated. e tie-o

unald Rk IEBRRE S [gnpd0s TngThe t e of f cirouit

transistors; and sg gisegond-ddsnsistor is an n-channel CMOS

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

te assure that said second and third transistors are

at desired states.

The tie-off circuit of Claim 1, wherein

said first, second, and third transistors each have

10

2.
15

3.
20
25

a first electrode, a second electrode, and a third

electrode.

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;

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

transistors.

12
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15 transistor. 8. The tie-off circuit of Claim7, wherein said f}iif)St
el ectrode of said first transistor is tied to said second el ectode)gf 2004
said second 20 transistor, to said first and second el ectrodes of said
third transistor, and to the H output termnal; said first electrode of

sai d second transkgtor .i s j i des | ecir of _said first 25
transi st or a%d tolrfl%e 88 ép&fhtcg‘}j;‘l@n(gﬁ ;(?f‘g%?dgf hﬁbgggﬁgc ro?)lalé’:écoforsai d
first and third transistors are tied to Vcc supply voltage; and 13 7 DEC
2004 said third eC¥& Moddaste SdeSctohctiBRRASEEr is tied to GND. 9. The
tie-off circuit of Claimé6, wherein 5 said first and third transistors are
n--channel transistors; and said second transistor is a p-channel
transistor. $0. TR&e itdeofdfiGigifeipfot Giain, dnwhehersino thei dlfaw aif
el ectrode of said first transistor is. tied to said second el ectrode of
said secohd transiustent ttdizaiah ferehanngl acohanakéctreded s¢for girshird
transistor, and to the LO output termnal;
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



15 said first electrode of said second transistor is tied to,said second
el ect-rode of said first transistor and to the H output ternifg Dg@aipgl@z,
third output termnals of said first and third transistors are tied to

G\ND; and 20 said third electrode of said second transistor is tied to Vcc

supply vol t age.

25 14 , REGENERATI VE TI E-H GH [TI E- L LL ABSTRACT A
regenerative tie-?ﬁtﬁnt?+g§1%ggégFPchPFcﬁﬁﬁF'Fﬁ%¥§¥%$%%?%%%5t°r is
unconditionally stable %o&&g (1 and 0) output states used to tie off

hi's™ -

i nputs. The circuft®oft

| ogi c

invention elimnates any current flow through

p- channel / n-channel transistor pairs found in many conventional circuits
and adds a regeneratiyve trg?sistor 42 to _assure rapid response in

achi evi ng the propef Fbgre

oftpatist &fe £33 She YHi®¥etRed enmbodi ment, the

circuit _consists of only three CMJS transistors 40-42 that reduce the
silicon drea requf?ed, T1bRkr eNPRENdESt ©rand iSOy e t hechyrral |
reliability.
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10.

Figure 4

transistors; and

said second transistor is a p-channel transistor.

The tie-off circuit of Claim 9, wherein

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;

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

said third electrode of said second transistor is

tied to Vg supply voltage.
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