2197558 LEVEL TRANSLATION CIRCU T 1. FIELD OF THE I NVENTI ON Thi s invention

relates tp thefield of voltage |level translation circuits and in

partlbul ar the translation of transistor transistor 2 a 5’8_) signals to
eve

conpl gnentary netal oxide sem conduct 6r *(TTMOS) vol t age
BACK ND ART It is often desLBVEU TRANSLANIONECIRCUINt er f ace bet ween CMOS
(integrated circuit) devices and . TTL circuitry. [In providing such an

interface, it is necessary 2#% @ the TTL
circutry to | evels which mdﬁ;ﬂ k|§I&i|try Pr evi ous
technol ogy for the interface circuits involved conparator circuits with a
ref erence voltage set for the.md- point of the TTL specification (e.gq. 1.3
to 1. 4vo|ts)..—.gl¥ﬁ2 MEEﬁitry i nvol ved a CMOS inverter stage
with transistor si S t d near the
TTL specification %@niﬁbﬁﬁéef%f%&lg%g% ?B#pg*ﬁ%"?ggg#i{léiqg pends upon
the accuracy thahélatiitinceef6eits andoen Bnirtdouses the Crasiidich otf 2

reference voltage is shared anong several input buffer circuits, there is.
a risk of notransimtey tyansistox loghe et‘ﬂlt)eltmhgd‘-mﬂuplgnﬂnﬂwyf xvetalkce

between i nput he c aratdr tj t ns bi as power regardl ess
of the input %"J %&‘“"‘d@ﬁ&"&qqﬂtg éi-rﬂe'ly not provide zero

power operatigp xddmﬁl\%t 0. CMOS appl i cati on. In addition, the"
‘conparator ciTC suited for high speed operation unI ess

bi ased at a hi gh [twis b€teh. desired to pmidc an intcrzucc between CMOS
(integrated circuit) devices and TTL o:l:cuitry. - In providinq
- __ such an hstorf.a'ec, it is necessary to convart the voltage levels
" "ef the TTL c:lrcutry to hvoh which zay bs utinud in the CMOS
eirocuitry. - . _ _ . ,
. Pravious technology for tha interface circuits involved
'oonparator circuitn' v;rith a :of.orcnu voltage s¢£ for the nid-
) point of the TTL specification (c.q. 1.3 to 1.4 vo:.tl) + Other
) - prior art eircuitry invelved a CO8 imrtur stags with
.. transistor sizes selected to optomize the lwiteh!.nq threshold
near th. TTL specitication point.
Thc acouracy of comparator tuhniquu dopondl upon the
U accuracy of the reference voltage being uud. Yor exampls, if a
' refersnce voltago 4is shared among several input buﬂcr eircu!.t- ’
thers is a risk of neise coupling en the uzoronec voltage
causing intor:o:muo betwean inputs. The comparator circuit will
consuze bias pmr rpqu_ﬂ:l,ou of the input voltage level, and |
thus win typically not pi'wido gexo 'pmmé opsration for the CMOS
to cuos lppliontion; In addition, the 'donpi:ator eircuit is not
well suited for high spsed opsraticn unhu biased at a hiqh '
i power level. '



-2- The CMOS inverter circuit is sensitive to process variations as it
depends upon the rel ationship of transi stor characteristics betiveen P
channel and N channel transistors. two di fferent devices (P channel &nd
N channel ) do not' track"” or self corrp nsate in typical water fabricatiom
procesess. As a result, the SWIthhI n% ihreshggg varies too much to iweEre

proder oper ati ofB®rCHQR: Wprta? V8 £ RNO5ME8 1 operating
envi ronnent iﬁ(ﬂéﬂgr“ tﬂe gbiﬁdid gw?g‘t Eﬁ?‘%‘ﬁ%ﬁ lﬁﬂ’ fg: Ttl}ﬁnb[wﬁlt er

t hreshol d f power~ su evels 1's such that the N

channel devixuyadCatistiss YatweesiCLp ichanheYi md Naohannel dxangdstorsd he
t hreshol d or conductance of the N channel transistor will shift the

swi t chi ng tTheswel gmm devicemnit channel jand ¥ ghammldc@9Rethe present
process vart SRR oF fe1€ Gompennafe dn Spiftl hder BpFRIGARGRTON | T, O
o df odes Trodsvmsel 1URE 0 2aeRLt s e SR o e oS T apeed
- 3- SUMARee insure pﬁpﬂ-ﬂiﬂiﬁiﬁ&ff in\¢ENTEYPical range of process
variations and operating environments.
Further, the size ratio required to shift the invertsr
threshold from mid power luﬁply down to TTL levels is such that
the N channel device dominates the circuit behavior, and any ’
changes in the threshold or éonductunco of the N chmmi_ _ \J/
transistor will shift the switching threshold accordingly.
Therefore, it is an object of the present inventien to
provide a TTL/CMOS interface circuit which is 1nuno1t£va to
. process variations,
It is yet another cbject of the "pz'ouht invention to provide
a TTL/CMOS interface circuit comprised entirely of CMOS
conponants (no diodes or bipolar transistors) which operates at a

high rate of speed.

n
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A TTL/CMOS .interface circuit conprised entirely of CMOs conponents.

An input .gain Stage conprised of transistors of a single conductivity type
- iss provided whose gain is established bysthe ratio . of the 'geonetric size
of thesjransistors. In the preferred enbodi nent of the present

i nventon, the input gain stage is conprised of N channel transistors to

avoi d process rel ated m snmatgthgiry of\rHE PRESDNIT YVERTPAE a swi tching
thrhold set to optinmally opérate w Th The oulput of {he Input gain stage.

The voltage at the inverter stage is tied to the power Supply voltage to

- supply an upper. valt limt. In order, to,, provide for zer ower
operation for inpdt 3‘&3&9‘@5 clm”gb"ﬁ h&SLFeReE Wﬁé‘éﬂ%ﬂi&ﬁt%e,“‘gs
transistor is M’M_to tﬁ'lgﬁae |y 'n+§-@,i u ?ﬂﬁf-@ & Pt a

signals wthi ﬁ&él threshol d vol't gg g%ié t%wghp% -vi'o.:ataagj’g.s'E F%e Bfesent

circuit may abingle conduetivitns tiypaais Pyroiidad whewe gainals aathblishyaliby
signals close to ground. BRI EF DESCRI PTI ON. OF THE DRAWNGS Figure 1 .is a
circuit di agrBhei [Fatder aPf Bhe [Geopetrio migecato i ntransiskors.cscfp the

i nvention for \/ i n TL, volt a evel \V/ [ 2
is acircuit E?gg.r%ﬁtdl I ?ﬂg?#’éﬂ%%g §§ é?ﬁ «?Fiﬁ&’gt m%ﬁ%?so#ﬁt E‘!‘é‘i‘é?eiyn‘?‘
i nvention usegtége C%Ve_bbniﬂswb&aﬁecﬁﬁéﬁbﬁti:&n’lﬁﬂo&-l2t6/0|ivo@h'Cbn%mmge
|l evels. Figure 3 is a circuit diagramillustrating an alternate enbodi nent
of the presenvelatathmismatehes. o 3oniavertsristage 23s AcweltehiagSthoeahalis
level . Wth “Xéé roe%piiwffxtf etphcrz-%iﬂotlrﬁii the ocutput of the input gain stage.
U The voltage at ths inverter stage is tied to the power supply
voltags to supply an upper voltage limit. In order to provide
for zero power cperation .tor input signals close to the value of
the supply voltage, a transistor is provided to cut ourrant flow
in <the input stage for input signals within a threshold voltage
of the supply voltage. The present circuit 'nay ulsé be utilized
as to allow zero power operation for input signals olose to

q:'°und .

4%



-5- DETAI LED DESCRI PTION OF THE PRESENT | NVENTION Interface circuitry for
converting TTL Voltage levels to CMOS voltage |evels is described. In the
foll owi ng description, numerous specific details are set forth, such as

conductivity type, voltage levels, hysteresis levels, etc, in order to;
provirde a nore thorough understanding of the present invention. It willxle

obvi ous, however, to one gﬁttjqﬁg’mﬁh@m@ THEapRAWINGE esent i nvention may
be practiced without these specifTrc detalls. In . other Instances, well known
circuits have not been described in detail in order not to unnecessarily

b h i i f i f th
Crvent i on s 1 | Feine 38 Planil Riserid GaGHPREI el ptefe BT |
convert TTK&B&%@S g2 gRaShEllAInt (fventién- for 66hvdrtYhor)vditageV Ol

CMOS vol tage levels. The priesent 1nvention can acconplish this conversion
Wi th m ni ndsvelsitd iSowvoltcCHOS (Yavedss paraneter variations. |In addition,

the circuits deggri bed gonsu nq DC, power .for jnput voltage |evels of VIL
270 vol ts and VHgure/@cisre, ofnspisofisonan sl uetetting. pi plserate The
CITCUITS OlgmhB1fies B! thﬂYfiUd%iﬁf-ﬁﬂH)P?ﬁﬂd%'é %rt! 1@§§hces and
provi de process Insensitivity wthout sacrificing hi-gh speed perfornmance.

Referring ageals t¥e Uogtecld vélt: CROBCvOItagfe RBvelwesent invention consists
of an input gain stage conprised of N channel transistors 11 and 12. The
gate of transi sTurs 3j isce pinspitodiagram illustrating an alternate

- smbodiment of the present invention used to c_bnvart TTL voltage
levels to 5 volt CMOS levels with hysteresis input thresholds.

n
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“input signal 19 through nods 51. Transistor 11 is source coupled to ground
~and drain cqupled to the source oF -transistor 12. The gain of this input
"stage is-.set by the geonetric size ratio of -6- transistors 11 and 12.

si nce @ﬂh transistors 11 and 12 are N chamnel transistors, process rel ated
m smat ches are avoi ded since any process variations wll be self

conpensating The gain SErAFHEy %ﬁe | ah r ' s 11 and 12
i's ‘gi ven by the squar e"T"'C)Y)'t".'o‘f--bg _ #ﬁ%%ﬁges of
transistors 11 and 12. In the preferred enbodi ment of the present

I nvention, the gain is set to be approximately 3. A gain of 3 reduces the

sensitivity of thelBFpEipqe ﬁrgﬁfﬁ_i% Pﬁﬂm VEki waltage hevelr tgain
Source of tr arciel yBLEASE Sevedly, 4O GIACRIRA S B8 1 1AEG apEBien

node 18 to themamrots sPecifier det@lls ardhSet oPRd, BYGH W cohdGOLLABY | Ses
P channel transistor 15 drain coupled to N channel transistor 16 at node

55.  The sour'¥®@%ef veleage Jeyelns hysteresiedlavels; oste. ade ondeyties of

transistors ‘1 6 : led to_ node 1. The out put 23 of the

circuit is ti’%&q'#o %%Je%gggwg H’@WEWW Pﬁr&ﬂ z?f'&f‘;éthis i nverter

stage is nmet tipveRtieRl | ItORQLE!Se WhichiS Keuavk, Ofo tdHe f-h;&ii.ftﬁmneThe
0

output of the first inverter stage at node 18 varies from zero
“appr oxi mat el y a¥t3/ sha$ the, presentidnvention asay beapradticadopivhout itheseof 5

e 1 oo e B AT, D S’ shSees,"Ge E ot BISLELN B0GE° 1°
U not been described in detail in order not to unnecessarily
obscure the present invaentien,
The preferred smbodiment of the prciant invention is
illustrated in figure 1. The circuit of figure 1 is used to
'convort TTL level veoltage signals (e.g. VIL = .87 VIE = 2,0) to
5 volt CMOS voltage levels. The present invention can sccomplish
th;- conversicn with minimal variation due to process paramater
variaticns. In addition, the circuits describsd consume no DC
pover for input voltage levels of VIL = 0 volts and VIH = VCC,
for low power (CMOS) system applications. The circuilts of the
| proyont invention are composed entirely of CMOS devices and
-/ provide process insensitivity without sacrificing high iﬁacd

perfornmancae.

Referring again to figure 1, the circuit of the present
invention consists of an input gain stage eonpriacd_of N channel
transistors 11 and 12. The gats of transistor 11 is coupled to
input signal 19 through node 51. Transistor 11 is source ooﬁplod
to ground and drain coupled to the source of transistor 12. The
gain of .this input -tiqo is set by the geonetric size ratio of

"



the first stage, the second stage is set so that the threshold voltage is

approximately 1/2 the output voltage. Therefore, the size ratios of P .

transistor 15 and N transistor 16 are set so that the threshold voltage is
approximately 1.8 volts. The gate of “fransistor 12 of the first i nvertgd.:

stage is coupled to the power supply voltage V1 at node 17. Thus, the S
vol tage at the source of transistor 12 will not rise to a voltage greater

than the tuspeistosist ajcand 3d.nuSince thashhsrangistorscll and i@ @xBlhol d

vol tage is_ bac ate enhanced in the present,inventio T far e

swi t chi ng@ﬁ%éhgir&"ﬂi'g?ﬁ"s@&'&ﬁﬂ'? rfé’r't%@(ﬁ é%%%%teél}?' EE? %ig.\ga ﬁ%“;qual
Ejo one haumcﬁrgm.sgggiytyﬂ.t #2121 e S614S cbhe: it e- enhanced threshold
rop of tranhsistor 22. It 1s desired to provide zero power operation for

i nput si gnal s Tiesminoofhinput gainfstiige tomphisinghdransistentk il ABAS| st or

13 is source coupled te transistor 12 and drai 1COL£)| d to Voltage source
V1 at nodd21¥s Q’Ef@"gmetbﬁ RYUATSRRPE (9, FRBFREL0 £F E88, b ed t0 i nput
signal 19 : N4 ' ltvagaalPa AP RRCSrStEdYad VOI t age
V1, transitgpggg%%r.ﬁgﬁgf?é r%u‘?‘??ﬁgo%*)fuc&?‘r’e%t fI&{)w i ne?he first inverter

stage. Tr aRbbalméntl e thappradent daventivrn,clthengaimiis sststodw to give a
t ransconduct ance much greater than transi stor 22 in ord t affect the

opler ation Wroﬂt?ﬁm ar MoFSARY Oy 3¢ rednRaes She !@%"iry:gﬂ ® { he
611 et oS LEHRE 10 Reglpehthy BEhE1AVPOALIREN bY A Gatd prosil

conpletely.  mhe cutput of the first inverter gain stage is taken from -

v

the mource of transistor 132 and drain of transistor 11 and is RV
coupled through'nodo-ls to the -oaohd inverter ltagq. The second
inverter stage comprises P'ehanntl transistor 15 drain coupled
to N channel traniigfoz 16 at node 55, The source of transistor
16 is coupled to ground and the gates of transistors 15 and 16
are coupled to nods 18, The cutput 25 ef gh- oireuit is taken
from node 55. The switehing throlhoid o this inverter stage is
set to optimally:oporntc with the cutput of the first stage. The

~ output of the tirlt inverter stage at node 18 varies from szerc to

approximatily 3 1/2 to 4 volts, vhich is less than the supply
voltags ot's_voltl. In this oon:iqﬁrutich, in order to aqt the
second inverter -ﬁcqn to optimally operate with the output of
the first stage, the second stage is set so that the threshold
voltage is approximatély 1/2 the output voltage. Therefore, the '
size ratios of P transistor 15 and N transistor 16 are set so
that the thrashold voltage is approximately 1.8 volts. '

. The gate of transistor 12 of the first invertsr stage is
coupled to the powser supply voltage V1 at node 17. Thus, the
voltage st the source of transistor 13 will not rise to a voltage
greater thaﬁ the supply voltage Vi minus a threshold veltage.



It is also desired to provide zero power operation for input signals closs
to ground. Therefore, P channel transistor 14 is provided, drain coupled to
‘node‘18 and source coupled to voltage source V1 through node 17. she gate
of transistor 14 is coupled to the output signal at node 55. A | ow input

| evel~%ignal. cuts off the current flow through transistor 11. Transistor 12
can.only raise the voltage of node 18 to-& value of VI minus a back- gate
enhartced t hreshol d. However, the voltage output. of the first stage is
additionally pulled up by transistor 14 to the full value of power supply
V1. Thi's cuts The thresholdf voltage isahack igntelsnhanded ingthdprassatnd

I nverter stage,to opgrate_jn a,zero, power e. Jransistor 1 rovi des

f eedback and céﬂ"ﬁ‘é@ on., 85&‘3?!@}"30 ﬂa!_"’tﬂ%q?‘ﬁvgﬁﬂi@%?ﬁié!‘pme i ng

t hreshol d hyst ' : S i f ' figure-
3, an al te)r/na?geatﬁ.b%mﬁﬁi%faﬁg‘apr.géaeirﬁ??ﬁ&ggt%rﬁ?sﬁlaﬁBsskt rtg’tged, gThi S
al ternate enbodupply voltagsc¥l tuinumothd chavk-Fatorbhanved threatiold dropuwot s

operating with a power susply voltage greater than 6 volts. such a circuit
has particul ar SEPR#4#%A% 34+i . integrated circuits containing both anal og

many of the same el Sheit SnSEeRf OB Prbvigy as bENME GheratibhCece RBE L
li ke nunbers. sdgneXsrolone €8 tHW Valueloe!viO To €Neb|eid, 2P SNdiEll. tO a
first inverter gain stage conprising N channel transistors 11 and 12. The
out put of thistranaistowdd: 45 sounres coypled teoksaneiston 13cendArpdnn st age

' coupled to‘voltaqc sourcs V1 at node 17, The gate of P channel

W, ' transistor 13 is ceuplcd'to input signal 19 at nods S51. Wh-n'

' the input voltage 19 approaches supply voltage Vi, transistor 13
turns off, cutting off current flow in the first inverter stiqs.
Transistor 13 is cperated as a switch enly and is sized to give a
transconductance auch greater than transistor 22 in order to not
affect the ocperation of the inverter formed by transistors 12 and
1l1. Thus, the voltags cutput of the first inverter stage goss to
zero volts and eliminates current £lov. in the second stage by

"turning'ozt transistor 16 completely. -

It is also desired to provids gerc pover operation for input
signals close to ground. Thereafors, P channel transistor 14 is
provided, drain coupled to node 18 and source coupled to voltage
source Vi through node 17. The gate of trnnliltb: 1¢ is coupled
to the output signal at nods 55. A low input level mignal cuts

- £ th..currcng flow through transistor 11, Transistor 13 can

~ only raise the voltage of node 18 to & value of V1 minus a back-

'gate enhanced thresheld.  Hewaver, the voltage output of the
‘2irst stage is additionally pulled up by transistor 14 to-thc
full value of power luﬁpiy V 1, This cuts off current flow to
transistor 13, allowing ehi second 1nv¢:tcr stage to operate in a
~ zero power mode. Transistor 14 provides fesdback and can be

TN g --



conprising P channel transistor 15 drain coupled to N channel transistor

16. P channel transitors 13 and 14 provide for operation of the circuit
at sero power for input signals near. the supply voltage V1 and ground
respectively. The output of second inverter gain stagé is coupled through
node 45 to a third inverter gain stage conprising channel transi'stor 2%
drain coupled to N channel transigor 20. The drain of P channel
transistor 29 is coupled at node 42 to the sources of transistors 13 and 14
and the source of N channel transistor 23. The source-of N channel

transi st opizedi so nat eHe! DiveitiarneiRiKitd avitoniny thtashoddput of this

third inverter gain stage is taken fromthe drain of transistors 29 and 20
and i s cohym$aresis oz, mmall Naluss 98 RYNKNTeSANg N channel transistor 21

21715 coupl cd PREOFEH Ehn FEHNAT 5 B apiRRRRLS ntoadngp®) J AT O
10 a Secoibeught tvdiitionCiN2iiustedted) ThisOalteFiite exbbadntent/lins '

coupled to node 42 through N channel transistor 23 which is source
coupl ed t mmeddetaprovidgs 9a¥TL/@N0a dntertaas £22 pirouihs opevetingivish to a

eCon Vol SR bR Foneabh pviad Foa FReRRY el ST, RN SO

L5, 7o e ihstatlofodh Heageus oibmuifhTioomathti " sorsn noce

transi st oraridlogs and digital circuitry on the same die. The circuit of -
figure 2 contains many of the same slenents of figurs 1 and like
slenents are idont:lﬂnd with li_ko nunbers. ror axanple, an input \.)
signal 19 is coupled at node 51 to a first inverter gain stage |
comprising N channel transistors 1l and 12. The output of this
firat inverter giin stage is coupled to & sscond gain stage
comprising P ochannel transistor 15 drain coupled to ¥ channel
transistor 16. P channel ¢transitors 13 and 14 provide for
operation of the circuit at sero power for input signals near .
the supply voltage vl and q:-ound respectively, '.l‘hi output o:_
second inverter gain stage is coupled through node 45 to a third
inverter gain satage comprising P channel transistor 29 drain
‘coupled to N channel transistor 20. The drain of » channel
transistor 29 | :l.i coupled at node 42 to the sources of t:an-sisto:l
13 and 14 and the scurce of N channel transistor 23.

The scurce of N channel transistor 20 is coupled through
node 46 to ground. The output of this third inverter gain stage
is taken frem the drain of transistors 29 and 20 and is mpl:nd
to & fourth gain itugc conprising N channal trghnilteé 21 drain
coupled to P channsl transistor 23. |

‘The souzce of -li channel transistor 21 is coﬁphd to ground.
The scurce of P channel trlnli.ltor 22 is coupled to a sacond
voltage sourcs V2 at node 30,

n



- al so coupl ed to output node 50. Finally, the gate of transistor 27 is
coupled to the output of the second inverter stage at node 45. In this

. al ternate enbodi nent of the present invention, the first voltage reference
VI is;ggproxinately 5 volts and the secon¥ -voltage reference V2 is .
approximately 10 to 12 volts. Level translation is provided by transistors
. 27 and:28 and tr nsiﬁ%ors 1 and 22. N channel transi stor Zg rempves { he

connection of P EHBRHE| ¥ 198V is poupied %_ﬂaﬁa_%#’m‘m W fEaReLuppl y
V1 when V2 ghiangidtod002d WH13nY 84 Wource! Sotpldd %enoci’i’%m S‘I‘ﬂlﬁ’:cé’aﬁ?e of

~ situations, power supply sequencing could create a prob
present circeransistori i3 decoorpled tit acdevdl Itepmosesand avoltagwt smixrbef rom
vol t age source V1 through t he P channel transistor source diffusions (gr

~inplantatioe+ o FReSs MRGANG ¥OLEagH SONRER G¥a sy 828R RRYPLAGuI dEBRPHIReal ed
~ When the Semlﬂigsﬁ‘ani’ﬂéﬁg??, ;&25 :n%dkf’/gol OW‘!‘hoTéﬁ*E‘aﬁ 'O;:f %%ré?il@&:e Fengp es

this current pat urning o ow vol tage I'ng voltage

source VI frosaglea Sochatput outadsitsimeods 48, 14, 26 and 29, each of which
I's source coupled to voltage source V1 through transistor 23. Transistors

21 and 27 have t RUEPuSi Zbs ONB3en i taken fyeny node.5Qp the:dxadni tQIvnimg
when't ransi SiSEElon’ BF SoMalyebbh hEdna Yy, el HELY b beaRephfdr A e
For exanpl €, ayiie dolipRed €0 Bhtput nods 0. Finally, the gate of transistor
27 is coupled to the éutpue of the second inverter stage at node
o | . 48, |
In this alternats embodiment of the present 1&6.#1:10:1. the
| tirst voltage =reference V1 is approximately 5 volts and the
- l_oeond voltage reto'nnc_c V2 is approximately 10 to 12 volts.
Level ﬁ:mulaticn is provided by transistors 27 and 28 and
 transistors 21 and 22, | |
_ ¥ channel transistor 23 removes the connection of P
channel transistors 13, 14, 15 and 29 from the power iupply Vi
~ when V2 is at too low a value. In nultiple power supply
situations, power supply sequencing could creats a problem., If
~the present oircuit were implemented with a P well process, a
current path from voltage source V1 through the P channel
transistor source diffusicns (or implantations) to the substrate
) ez_ the integrated circuit could be oreated when ths second
supply voltage V2 is too low. Transistor 23 eleninates thi-
current path by turning off at lovw V2 voltages and isolating
N voltags source V1 from the P channel transistors 13, 14, 28 and
29, sach of which is source coupled te veltage source Vi through
transistor 23. _ | |
Transistors 2] and 27 have their sizes chosen so that they



19 is at
appr oxi mat e
turni ng on

vo] tage source V 2 to node 49 so that output OUJT2 is approxi mately V2, qmd
28 is turned conpletely off. By the sane token, output OUT1~J“

t ransi st or
t aken. from
node 45 (a
| ow. This

t ransi st or
20 and 29

a level approximtwng VI, the signal at node 45 is-

ly V1. This level turns on transistor 27, pulling node 50 ] ow,

P channel transistor 22. This provides a direct path tram

node 50, is |low. when the input signal 19 is Iom/ t he signal .

s noted with respect to the gescription of figure 1) is also

ow signal turns off transistor 37, and turns on P channel

Ran“Rudaeh, acabred Be Y, Lovai Branafpe o ka1l Joibeeg

node 49 | owynigkulid NG ens 9&5&2 e%'mm&»& 28 o293 lw.swnh ét
ns on transistor 2 providing a path between voltage source

node 49 tur
V2 to node

turning off trapsistor 22. JTransistors 27, -28, nd 22 form a b| t abl e
circuit thatddos® AR 'c&ﬂ!ﬁ;m'm’“tﬂﬁ 1, dﬁP’rﬂ}a

connecti on
the elim na

Sevel V2 lam aobupneorOpbtential. a I!'Orehxu’zph)pm:lnhnb\ﬂy signal

steady st amocwoudw.omuminfwn wam:@u ransistosig3.0r This provides a

transi stor

28 is off, elimnating the path to ground. - LiKkew se,  when

TRl AELRORe 45 TRE gate

pikokiARY 953 | Bitn WWies el Vo eudiiliarly, Busmage! o1

transi stor SATEet PRth LXemi Velsage souresV 2/tonNade 4R sonShat LRSS o ound.

The alterna
W thout tra
i ne 57.

R L A L R e R e

off, By the lamp token, output OUT1, taken frem node %0, is low.
When the input signal 19 ia low, ithg qigqn; at nedq_45 . (as
noted with respect to the doqcri;tion of figure 1) is alse iew.
This low signal turns off transister 37, fana'tu:nl on P channel
transistor 29 so that the output of the converter _qéﬁbrisihg
transistors 20 -and 29 has a high signal Vi. This twms on

transistor 21, pu;liﬁq node 49 low, resulting in OUT2 being low

as well, The low signal at node 49 turns on tranliltor és,

.providing a path between voltage source Vi te node 80 so that

autpue OUT1 is at a level of apprpainntl.y Va2, turning off
transistor 22. | |

Transistors 27, 28, 21 and 22 form a Bistable eircu.‘..t that \) -

does not conaune powar except dnrinq lwitehing. who gate

connection of <transistors 28 and :2 pravid. toadbnek to
acoomplish the slinmination of direct current pazhs from V. z to
ground in the steady state aenditicn. rb: oxanplo, when
transistor 27 1; on, transistor 38 is ofz, cliuinating the
path to ground. Likewise, when transistor 22 is on, tranliltor
22 is off, eliminating that path to ground.

The alto:nato anbodiment illustrated in fiqu:a 2 may also be
operated without transistors 20 and 2% by making tho eonnnation

-shown by dashed 11n0 857.



1+ 11 An alternate enbodinment of the present invention which provides

. input switching levels with large hysteresis is illustrated in figure
3. The cirrcuit provides switching |evels having approximately .4 volt
Thysteresis. The circuit is configured as was described wth respect to
figFed1l with transistors 11 and 12 nbﬂﬁfhg a first inverter gain stage
whose out put is coupled to a second inverter gain stage conprising

transistors Ikn aalteifate Teabodiheits of3the pragentovisiartion zwliichoover
operation of the circuit for .sigggll s at voltage Ilevel V1 and ground

respect i vEF§Vidasiedinput ¢ vigching 1 levelmguvitis davgm demteresis andisst ors
38 and 3 appe ngi st 37, nsi stor 39, .S ,drai upled to
I nput” vol ? %M‘?ﬁr gﬁg#%es?ﬂ g*ﬂf S&HFE-& 3?55?3?@8%5"%@18& p T‘&afpt he
first i nVEavENg SappRoaini¥idy 184 TRAY Shekezedls,2nd ffa f G1BbRLE Nigwd

i nverter stage. he gates of transistors 37 and 38 are coupled to the
out put ofcmﬂ% dasnviss cdescaiized whthhesspsict: r tositigure37di withai n -

coupl ed 't N . ghanne| tr istor 38. ‘The source. of transistor 38 is
Counl oq t ErepARHERE b A 33" eOAm i o, FLEA CLTveShar, @ALn SEAVRSWOS, | s
coupl ed t guiaiid adg S 14t %ﬁz t i nﬁ@%
I nverter g?’a@%aeigﬁt aggﬁfg‘tytﬁg & rarn c%ﬁgﬁ‘;}%&p%?“t rgltha stgrs llﬂgr?d 38 at
node 40. tritmistorsut 150and 1soup| Prarinistofteclhand tapevide Foe oswre of N
channel transistor 39. For_ input signals having a transition froma |ow

| ogi c_| evBPHeL, SPRFARieD A% the,eircult,forsigmals atcvolsage: devel 3o with
par ai 1 ol 48 pEennRCPergborty B2 2% lhe Trverter o o oo in
: (ﬂj Added to the oircult of gigure 3 are X channel trugniytoz-
38 and 39 and P channel transistor 37, Transistor 39 is drain
coupled to input voltage V2 thfeugh node 52 and sourec'couplnd to
" the eutput of the first invortir stages at node 18,

Transistors 37 and 38 form a thive 1nva:to:  stage. The
gates of transistors 37 and 38 ars coupled to the cutput of the
second inverter stage. P channel transistor 37 is drain coupled
to X channel transistor 38. The source of transistor 38 is
5ceup1.d to ground at node 84, The mource of P ehinno; transistor
37"11 ooupldd to voltage source V1 at node 52. The output of

: this third inverter stage is taken at the drain coupling of
' transistors 37 and 38 at nods 40. The cutput 40 is coupled in a
foqdback manner to the qato.ot_u channel transistor 39.
For input signals having a transition from & lew legic
lavel to a high logic leval, transistor 11 must operste in ratio
 with transistors 12 and 39, Transistor 3§ is effectively -
cperating in parallel with transistor 12 because of the inverter
formed by transistors 37 and 38. f
- The parallel opsration of transistors 132 and 39 continues
until the 1nput'voltagc is such that transister 11 pulls down the

n



formed by transistors 37 and 38. The parallel operation of transistors 12
and 39 continues until the input voltage is such that transistor 11, pul I S
down t he -12- output of the first stage an amount sufficient to
cause the inverter fornmed by transistons 15 and 16 to go high at the.

out put at node 55. A hi gh out put at nQde 55 causes the I nverter for

<.

by transi st Qf3 P Q€ aggl $Bie tOgQQ é%‘ “%fg ?339 - 1Te N r el Vi ng

it as a current source, provi |ng P SI

level 19 goenverteratdrzpd bygtmmoriom drmmlsogwgémm at'eisicitpat 11
works in relation to transistor 12 onl Therefore, the input voltagcl :

nust go to &% oROHE| 3R beﬂobéﬂ‘tﬁlﬁﬂ@p&{'%?d! B6 PRREes &*&gé’%’%é%

Cevel 1 ocaB W rrARRRRGdRI n R i R oBTohy bnind O ‘Dabalhiy 9006,

i nverter forfigbving tigng @ suprent mﬁﬁ,twm&hqtﬁmﬁhotnaﬂmk This
provides a path for vol tage, source V1 causing the output of the first

stage at node 18Whenrths inputuveltags lmplltlis\ﬂmhmgﬂthrhéaholﬂi%lrWSét by
t he relatlonshlp tyansi stors, 11 .to rall stog .39
for positive IWariﬁilﬂ ﬁlg"ﬂ" e ¥ ng?%“hqah ﬁ%’t %fibao o
transi stor Jé: m;aes'ﬂ Wn1y? fo;:?dm%&h i@ bl OPSL€dge uilee gd Td &) -
Thus, an inter face circuit eftectivel y converting TTL vol tage | evel s
to CIVD vol ta:gm muhshmnrdothn detput lofdthe first stage at node 18 bogins
to rise. VWhen the input stage bsyins to changs to a high }oyio_
level, feedback zron the inverter ..‘.'ornod by transistors 15 and 16
and the 1nv.rtor re.'mod by tran-:lltou 37 and 38 turns on
transistor 39. This provides a path :oz- voltaqo source Vi
causing the éutpnt of the first stage at node 18 to rise. Thus,
the input awitching thresholds are set by the relationship of
transistors 11 to 12 in parallel with transistor 39 for positive
input transistions (i.e. low to high) and the _nt-:lo of transistor
11 to transistor 12 for negative transitions (i.s. high to low).
 Thus, an inter face circuit for effactively cenverting TTL :

voltage levels to CMOS voltage levels has been described. |

e I nput -vol tage

R
u
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electrical circuit for converting tranmstor tranS|stor Iog, Ill ""“I""ﬂ
voltage levels to conplinentary nmet al oxi de sen1conduc

vol tagg:l evel s conprising a first gain stage conprising flrst and

second- serially connected transistors of =al¥krst conductivity type; a
second gain stage conprising a third transistor of a second conductivity.
type coupled in series to a fourth tranmgglg wuef said first conduct|V|ty

type, sai-d second gain stage coupled to the out put of said first .stage;
fifth transistcdke of B dommammcoy fsgxmrsénglwﬂnilseruwmi!ma

refergnce vol t and flri&PgaI&' .&8 sai d f]| g@h tranS|st r forgIx ﬁ%
enabl g, opera o POnSPARUAIAN antr bl Sl
Qi’ddg.c%haﬁété’f’ @%@?eéoﬁ?dﬂyﬁ. ¢lé !é@ Mfzg ¥

transi stor of said second IvIity pe coup vol t age
reference and said aut pits®f gadnd léagshogprumgig&rutmhdl sagsofhdcdimdally
| oop to said second galn st%%e’ said sixth transistor for enabling

-

said circuit tcPURacEsd transl ARre FATEt, SRMUSSLVILY fyPeadi gnal

appr oaches ground te T ' a Sty
cggduct I Vi tg type Pg I\P%/%tkad ilin %eﬁcf ghhfﬂlwcél gﬂﬁ% ﬁgﬂﬁé‘% e gat?as
of said first suubnd tohdictivity! Bype Totpiedrircderdesats d Toutrthi trwisistos

the gate of said second transistor 1s coupled to said voltage reference.
of sald first conductivity type, said second gain stage coupled

o to the output of said girat stage’

- a 24ifth transistor of said second conductivity type coupled
in series with a refersnce voltags and ijid 2irst gain stags,
sald fifth transistor for enabling eporation'ct.-aid eircuit in &
low powar mode when an input signal to said gfirst 'qcin stage
approaches said refersence voltags?

a sixth transistor of said second conductivity type coupled
to saild voltaqi' reference and said output of said first gain
stage and in a fesdback loop to said second gain stage, said
sixth transistor for enabling said cirocuit to operate in a no
power mode when said input signal approaches ground potentiasl.

2. The circuit of clainm 1 wherein 2irst conductivity type ;- N
type.

3.  The oircuit of claim 1 vherein the gates of said first and

fireh transistors are coupled to said input signal, and the gate
of said second transistor is coupled to said voltage referance.

n " e e



The circuit of claim1 further including: a seventh
ﬂ" WU!!! ﬁg ‘il!l rst conductivity typ coupled in series to- said .
out gain stage and said reference voltage a third gai'n .
stage coprising an eighth transistor of l4said second conductivity type. and o
a ninth transistor of said first condyctivity type coupled in series t

sai d vol tagg, I ehgr gy &ié%ﬂﬁi?lﬁdl ﬂhi*sal W‘hpg an out put coupl ed |n'.'l

a feedback Ioop to sal sevent ran5| d gain stage and said

ninth transistor of ssventldltrapsdster W eaildt Pirst @ondactivity typacioupled
| evel s -havi ng%lhyst eresis. 5 ‘An el ectri cal circuit for connecting

transi stor tihndesiss | €9 c“’-f‘TTE?tM ©fg8e id Siuss guin . pkagenchpdr sald
metal  oxi det?sﬂg‘tg‘ggdggiqq&CNDS) conprising: a first reference voltage
ir

coupled to a node; r'st, second and third transistors coupled to

said first node; a2 thisd/gdln atage! Sduprinin fpi:ediqmn EeinMistokroos saiid
first transistor; a fifth  transistor couple in series to rmaid fourth

transistor ®ecqndscgendustiiitysatype and e niakhitsmosisten of spddsafipst
Se00nd o cofbdigibiey] Whe huf RIS beREnd ¥4 SgH? EEM Clbidil 1 o0
said third gain ltaq. having an output coupled in & tcodback loop
to said seventh t:nnai-tor:
said third gain ‘stage and said ninth tram:l.ltor gor .nabl:l.ng
said circuit to provide 1nput switohing levels bnving hystornlis.

5, An olnet:icnl'ciruﬁit for dqnﬁoetlnq ttihiiitor'tzgnsiltor_
logic (TTL) voltage levels to complimentary metal oxide
seniconductor (CMOS) comprising: .

a 2irst referance voltage coupled to a first nodes

first, macond ‘and third transistors couplad to said gfirst
node; | | |

a fourth ¢transistor ocoupled in series to sald tirlt
transistor) _ '

. & fifth transistor coupled in series to wmaid fourth
transistor at a second node, said second transistor coupled to Q;)-
said second node) |

a sixth transistor ocoupled in -i:icl to s=maid thirad
A _ transistor at a thi:d node, laid third and sixth tranliltorl gate
coupled to said second node; '

- #aid second transister gate eouplcd.te said third node;s

sald first wsecond and third transistors of a first
eonducttvity type. '

n



. coupled to said second node ; said second transistor gate c - |
. third hode, said first second and third transistors F‘mmml&mﬁﬁ'm““l
_.conductivrty type. -15- 6. . The circuit of claim 5% Hos o+
“including a seventh transistor coupled to said first and second nodes an
ei ght"’ﬁ” transi stor coupled to said Ti'fst. node and- at a fourth nods to

a ninth transistor, said eighth and ninth transistors gate coupled to

sai d t hirdgnode; i d h el (St O gﬁ@&!ﬁ pl ‘;ﬂ;&@i f node:
sai d ei ght tranglh?t_ o‘r’ of sai 3&f %ﬁ%oéduc I VI 9:uy ?gglé ) thg%‘lr{rEé‘uit of
cl ai m 6 whersasistordcbupidd condutd i pivat a¥@csesond hudes; 8. The circuit of
claim5 further includings a second reference voltage coupled to a fourth
node; a sevent R r S4ghER ortxansistor | vouplpdsto #addi first nodecandamt said
reference e I dg, Seven ansi st qr te pl said f h node
an ei ghi nEEREE; 23R K plﬁdﬁﬂ%eﬁwﬁﬂeﬁﬁ c AT KLt o e, A
node t0 a BrEnsidtoRas gt oovplied €5 NExld tRIPA Sicdedate coupled to said
third node; a tenth transjstor coupled in series to said first node and at
a sixth node tenighseventhitransiater gate couplel tocsabd fourth nodet h

ranst SLOrs 9l eafd slahh ' rvatdebt of' vadd°esded Enblloel VA ghR1 COUP!

7.  The vireult of slaim € wherein said first conductivity type
_ is P typa. |
L/ . ) N
8+ The ecircuit of olaim 8 further including:
a second refarenca voltage coupled to a fourth node;
| a seventh transistor coupled 1h saries to said <fZirst node
and said refersnce voltage, said seventh transistor gate coupled
to said fourth node; ] - L
an sighth tranoigtor coupled in in:tcl to said fourth nédi
~and at & £ifth node to a ninth traﬂsiltér, said ninth transister
gate coupled to sald third node; . |
_ & tenth transistor ccuplod in series to said girst node and
ﬁt s sixth node to an  elasventh 'transiltor, said tenth and
eleventh transistors gate coupled to said third ncde; |
a twelth transistor coupled in meries ¢o laid.touzth node
and st a seventh nods to a thirtesnth transistor, said twalth
~ transistor gats coupled to said fifth node, said. thirteenth
transistor gate coupled to said sixth node; -
 sald sighth tranaistor gate eéuplod to said seventh node;
said ciqhéh, tenth, and twelth transistors of said gfirst
- conductivity type!
said second raference voltags higher than said first

n



and at a seve de to a thirteenth transistor, said twelth transistor _
gatﬂ“\“ﬂﬁﬂm N‘Muml d fifth node, said thirteenth transi stor gate coupl ed
to i’ \ «=sai d eighth transistor gate coupled to said severith notde .
; said eidhth, tenth, and twelth transistors of said first conductivity ;. -~
type; said second reference voltage higher than said first c “+=¥m.
S* - 16 - reference voltage. 9. The circuit of claim[err] wherein said
firdt. conductivity is P type. 10. -1én electrical circuit for converting
transistor transistor logic (TTL) voltage levels to conplinmentary netal

-0xi de sem conduct or ééiggg%évoltage | evel s substantially as hereinbefore
descri bed WHafereRee, t he acconpanyi ng dr avi ngs.

9.  The circuit of claim 8 wherein said firvst aondnctivity is P
type.

10. An eléctrical circuit for converting transistor transistor logic
(TTL) voltage levels to complimentary metal oxide semiconductor (CMOS)

voltage levels substantially as hereinbefore described with reference to
the accompanying drawings. .
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