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FAI LSAFE | NTERFACE CIRCUI T Tel ef onakti ebol aget L M

Eri csson The present invention relates to an interface circuit
according to the preanble portion of claiml. Further, the present

i nvention r a method to prevent failure in an int Licuit.

I n v095/063§%§5@ﬁ%%£ i's describedpan interface circuit opeﬁ%&gg Kg?%een
power ed- down devices and the bus. In particular, the interface circuit is
incorporated in a |ower voltage circuit allowing the circuit to be properly
interfaced with a higher voltage bus, even when the |ower voltage circuit
is powered down. Heretofore, a pass transist i I onnects the

| ower voltage circuit to the bus during norHﬁﬂﬂBﬂEﬂﬁﬁi@M;@aH@ ich

di sconnects the lower voltage circuit froma bus waemndrhe | ower voltage
circuit is powered down. This is achi eved throtgh—an-—-adged-t+onal circuit
provided to ensure that the voltage across the pass transistor does not
exceed a safe |evel. Further, in W04/29963; there is described a voltage
transl ati on and overvoltage protection circuit, where different nodul es
accept different voltage levels. In particular, the circuit achieves a
translation fromone voltage | evel to another with sinultaneously

overvol tage protection of rRdyles.a¢GeREENG | OMEL, 4Ol tage |evels.

BACKGROUND OF THE INVENTION

Field cf the Invention

The present invention relates to an failsafe interface
circuit for the input and output of digital signals and a

method for the failsafe operation of an interface circuit.

Currently, a variety of concepts for digital interface
logic circuitry is known. Early concepts are diode-
transistor logic DTL, transistor-transistor logic TTL and
emitter coupled logic ECL which concepts are used with
digital logic circuits as well as digital signaling between

circuits and circuit boards.

Further approaches are based on MOS-processes (metal oxide
semiconductor processes) which allow for advantages as
higher packaging density or lower power consumption. Due to
these advantages the MOS-processes now are widely used for
very large scale integrated circuits such as semiconductor
memories, microcomputers and circuits for the digital

signal processing.
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Still further, W94/18755 di scl oses an output driver which interfaces a 3.3
voltage digital circuit to a bus that supports both 3.3 and 5.0 voltage

digital signaboseessurrently, a variety of concepts for di g'!"%ﬁ‘f i nterface
logic circuitry is known. Early concepts are diode-transi st 18 ?c? TL,

transistor-transistor logic TTL and em tper coupled |ogic ECL V\/m ch
concepts are used with digital logic circuits as well as digital signaling
between circuits and ci rcuits boar ds. Further approaches are based on

MOS- process (et al } sem congr roce ses) which allow for
advant ages I‘ﬁ ¢ kadi®n§CdERsT ¢ n 6%?’ B#E@tidt oi on. Due to
g

t hese advantmstztmmmm octebses mwvmrcﬁaa\rwn@al yypeedndofheery | arge scale
i ntegrated Guits such as.sem duct or nmor.i es [ oconput ers and
circuits fo&gt he Y t@p di gn%l EIS@ce%mnﬁg‘ B SRu MG LMY

are 1ntegrated on a single chip has been proven to be

extremely useful for such applications. One reason is that

the combination of PMOS- and NMOS-transistors allows to

achieve almost no zero signal current and a significantly

reduced power loss.

Further, the transfer characteristics of circuits
constituting switching circuits can be very steep in case
PMOS- and NMOS-transistors are actuated reciprocally. The
CMOS-technology allows for a relatively low output
resistance defined through the resistance of the drain
source path of the respective PMOS- and NMOS-transistors.
This is a further reason why CMOS-technology has gained

significant importance for the design of digital circuitry.

Typical applications are interface circuits for the
transmission of digital data with a high transfer rate,
e.g., the differential transmission and reception of
digital data using a pair of transmission lines. Here,
approaches like differential positive emitter coupled logic
DPECL, low voltage differential signaling LVDC and grounded
low voltage differential signaling GLVDS are used. All
these approaches use differential signaling to keep
differential voltages across a pair of transmission lines
as low as possible. This in turn keeps the power to be
transmitted over these transmission lines having low

impedances within reasonable limits.
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PCT/ EP97/ 03700 2 In particular the so
cal | ed CMOS-technol ogy wherein MOS-transi stors of both the n-channel type
and t he p-chawo®Bmeisgpe, i.e. PMOS-transistors and NMOS-tr anSicaimoSoa6E
integrated on a single chip has been proven to be extremely useful for such
applications. One reason is that the conbdnati on of PMOS- and

NMOS-transi stors allows to achi eve al nbst no zero signal current and a

significantly reduced power | oss. Further, the transfer characteristics
of circuits gonstditdtipg sWet-¢Bi ng-Ccircuits can be very steep in case PMOS-
and NMOS-tranststors are actuated Teci procally. The CMOS-technol ogy al | ows

for a relatively | ow out put resistance defined through the resistance of

the drain souricg lqaat hnelvst BR ERSRSLL Ak BMntaP@aME&ﬁrts'ﬁéﬂrs This is
a further reasaon CMOS- technoloqy has gai ned significant inportance for

t he design ofs%t@d( aflormsPEDl gPproachgmisdsl capptFEMY s ameWeht supady

circuits for ddtaitoransu $ohppioindigl tidlaudabacyl 1o A dighpMgsansfer rate,
e.g., the differential trgnsnl sion and rece tlon of g taI data_using a

pair of t r anSHAEIETOF AG ?“eaﬁ‘ﬁqroéaéﬁéé‘ FFRRE a1 $G erdtitinar  pédet i ve
emtter coupleeddugiterBPEELs &Vt oldoage dbfaf:ﬁyeslécttaalors; gn&l icagnle¥Peqand

gr ounded Iom/vohﬁgggn hﬁf?F§QE$§H sygnagw%egglggféé#gﬁ#§%%8 Al'l these

approaches use ntiar-signalin I al” vol t ages across
a pair of traesprssiiog twneEaassIqﬁNRM@SpossdeEOSﬂtwansnsﬂamsn le@eps t he
power to be pair constituting a switching circuit 410, 412,
respectively. These switching circuits are connected to two
input terminals of an output section 414 again comprising
two pairs of PMOS- and NMOS-transistors 416 and 418 that
can be used to selectively apply the potential'at the input
terminals of the output section 414 tec an output terminal
420. This output terminal is connected to, e.g., one line

of a pair of transmission lines.

The interface circuit shown in Fig. 18 is used to output
digital signals on symmetrical low impedance transmission
lines or two asymmetric low impedance transmission lines.
To this end the reactance circuit receives energy from a
voltage source while the PMOS- and NMOS-transistor pairs
410 and 412 forward this stored energy to the output
section 414 during a discharge phase. By means of
appropriately setting the duration of the charging phase
and the discharging phase, it is possible to provide the
output section 414 with a supply voltage suitable for power
efficient operation without dissipating large amounts of
power and thus without generating a large amount of heat.
This is a prerequisite for integrating such interface

circuits into a single CMOS integrated circuit.



transmtted over these transm ssion |ines having | ow inpedances within
reasonable limts. WO 98/ 02965

PCT/ EP97/ 03700 3 Description of Prior Art
Fig. 18 sho nple for an interface circuit well suited for such

appr oaches ﬁﬁg%?stl ng of a power supply section 400 con'bq’gll'gﬁ’ﬁ”ﬁ?\

i nduct ance 402, one PMOS- transistor 404, and one NMOS-transi stor 406.
Further, the output termnals of the power supply sections are connected to
the input termnals of a switching section 408 conprising two pairs of
PMOS- and NMOS-transj stors, each pair constituting a switching circuit 410,

412, respect PR@IBLOMHRISF Ik SO ndRERFERFE sch’F‘é“ct(?nH-écFEHtt B eMA T $put

termnal s of naéh mﬂmﬁféeqtd @rarﬂ&ualal, Ni§OFPEe SiH inwerpake Sc P PMOS- and
NMOS- t r ansi stors 416 at hat can_be gsed to sel ectl vgly apply the
0

potential at “PHREFHFLLE] r'fglaélsﬁlﬁsfmn Ut SRMESF9424T 1 @F ht%ut put
term nal 4205uﬂ';b113s mqmtn tiesr rpxowah:edsmﬁbnamept@mhtemt eogor ofAemltie of a

pair of tran T nier cecr it.sh i n, Fi 18 is
used to out pﬁﬁ%ﬂ Q{La nlllgﬂeaslnzflzs? gﬁsg %ngre%g éltgwaCﬁeggﬁr}aces%’F %sm ssion
li nes or twodecywmising of mffm@danéeCtnamsmrssﬂm 1In|tne§ac§ocim1mtend t he

reactance ci¥eu i VeSS ; f I I he PMOS- and
NMOS-t r ansi s%%ré%% ?5331943113 aS% % %}Z‘ISf é§%?h¥§h%bz&§tt§%eéggﬁ§?§y€?% t he out put

section 414 H&pPhy ¥ HiathHdyé lshaseunsypabemsiaf “hepr 6pri aredyfawtting the

duration of the-ehard ibuhase oard hhesdbschartidGRIASer sbuise POSsible to
provi de the output section 414 with a supply voltage suitable for power

efficient op®tattiRAsH t%lﬂ”oél?ﬁaﬁéﬂﬁ*ﬁ@rf a’P@'ée aﬁwﬁl}ﬂth§ro¥’°b%9\7é+a3anfchatrhus
wi t hout genetiéifgspedBiye cmuol eflcbeabdedhiredes PROBFeERAYL StdLs fOr
ntegrating guch, | et face o BoUhLahnter ResLO9 £ QVBRAL AT BG A &Y cireuit.
through these PMOS-transistors. This, however, harms the
free floating function of the overall transmission system
where it is assumed that powered off interface circuits are

connected with a high impedance to the transmission lines.

An additional problem with respect to this type of
interface circuit is the so called latchup phenomenon
inherent to the CMOS~technology and illustrated in Fig. 19
and 20.

CMOS-technology requires the formation of both NMOS- and
PMOS-transistors on a single substrate. Further, one
possibility to isolate transistors against a substrate is
the embedding of these transistors in insulating regions,
e.g., the N-well 422 shown in Fig. 19.

This, however, leads to the formation of .parasitic diodes
424 to 434 between semiconductor regions of a different
conductivity type and thus also to the formation of
parasitic bipolar devices of the PNP-type 436 and the NPN-
type 438. As is shown in Fig. 20, the parasitic bipolar
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4 One problemw th such interface circuits is that they are not
failsafe. In particular, in case the interface circuit connected to the
transm ssi onWQ #2965 powered of f or its supply section is ppemeedogih any
current to or fromthe output termnal 420 nust be avoi ded to achieve a
strict decoupling of different sections in the interface circuit. If sone
or all sections conprise PMOS-transistors the supply voltage equal s ground
potential when the interface circuit is powered off. As soon as the drain

or source el getiodescaf RMB-t raqnsi %%eblss hee @hJHigher petepthal. than the

respective control el ectrodes these P -transi stors are turned on and
backwar d cur Feht s 4B He ditF UEEUF Fos t HYOtRfh FhedbePhpBerfangi stors. This,
however, harasrther fdeet fdyaatiitsglfupgt & arormfudtieonowdiahl ikr RRGWH SS on

syst em wher e i1c }i}s assuned that powered off interface circuits are
connected w {’ﬁ S ll"ﬁg‘%"ﬂ%‘éed‘zfﬁ‘c’e to the transm ssion |ines. An addi ti onal
problemw th respect to this type of interface circuit is the so called

| at chup phen Ny rent .t h %—tec ol nd_iLLlustrated in Fig.
19 and 20. P%]téec ﬁloﬁ oqgaytcgléléuﬁ}r)ersm fie 't g?‘r?a%ﬁ%%f aB%tﬁg‘Nwos- and
PMOS-t r ansi stpasings Pativegne tdgbsorace/ daimn mgionseoposkbebilffgrdnt i sol at e
transi stors ggalfsi, & SUPSt Lake bs pf;ppﬁd ' of cLhesg; )stors in

i nsul ati ng reg?t%&:,ne._g., ttle N wel {:?4?22 S o%nh%igr? Fitg._ iQ.lM?él]'ﬁ%rge, however,
| eads to theCqbEemE | T -bfohdhgsraresHt badsiprian §rassipeeneeh’ Geixfonduct or

regions of argi{i@f€in conduGt heibyssyperandddrss ?E§Qs§9iéh@igd¥§mti on of
parasitic bipolar devices of the PNP-type 436 and the NPN- type 438. As is

shown in Figbe?WEe?fﬁpﬁxﬁ9¥ﬁcﬁV€rBFboF%ﬁlons of the transistors and the
N-well so that they are not forward biased. One approach is

to apply the highest potential in the interface circuit to

the N-well of the PMOS-transistors.

However, while such an approach usually avoilds the latchup
phenomenon in an interface circuit it will not work when a
source or drain electrode of a PMOS-transistor is
externally connected to, e.g., a transmission line with a
positive potential when the interface circuit is powered
off. Under such a condition a current will flow from the
external transmission line via the drain or source
electrode of the PMOS~transistor and the parasitic diode to

the N-well 422 connected to the internal supply potential.

In other words, in known interface circuits it is
impossible to control the potential of insulating well
regions in case the interface circuit is powered off.
However, this leads to a backward feed current via

parasitic diodes.
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5 devices can forma four layer PNPN thyristor structure. |If this
thyristor structure is turned on, the interface circuit destroys itself by
a conduct i oRyyWHBksi S known as | at chup phenonenon. To avaid this_|atchup

phenomenon the N-well and the spacings between the source/ 8FAER 2% ons of
the different MOS-transistors nust be cagefully chosen to mnimze the
current gain of the parasitic bipolar transist mASﬁ...A&&_J_rL_ﬂddi tion, it
IS necessary to control parasitic diodes betweeMHIShEHBOUHAS/BRE&IIN regi ons

of the transjstors and the N-wel|l so that theylare ngtp hogyar d bi ased. One
approach i s YBGMABE Pt REERTYHEET IYbt ential in the—i euit to the
N-wel | of the PMOS-transistors. However, while such an approach usually
avoi ds the latchu enonmenpon_in an interface cjircuit it will naot work when
a source or ‘df é’ilﬁe'egchBSdggwea éﬁﬁ’ Jre&r‘rsfjgt bhei BreXqr ndvsp td@fnect ed
to, e.g., aitsdospirevide bhnéntettace posicuivewpotenis atavheird h@einnt erf ace
circuit is I; U ch.a conditi acurrent will flow fromthe
ext er nal trgﬁl&lggfgtﬁfﬁffngg%%f?h% cfjrogqler?egroggm ce electrode of the
PMOS-transi stor and the parasitic diode to the N-well 422 connected to the
internal suppliy .anti al. g r Ln_kno interface.circuits it
i s inmpossible % ogg %t 1Fol‘gt ﬁgh%)%{%l{lﬁeﬁhvgpq?ﬁghpgt ?h%\&v&e 3 arcec&rgﬁggi n case
the interfade® clrémst i s4poder ed® S welidweser, fehivr¢ aatsyend imnbackwar d

feed currentye¢hdgratasihiifgdt9desaim 43.

Thus, according to the present invention a failsafe
interface circuit comprises at least one semiconductor
switching circuit with a first link terminal, a second link
terminal and a control terminal. To connect a first and
second circuit attached to the first and second link
terminal, respectively, a potential difference between the
control terminal and one of the link terminals is raised
above a predetermined threshold value. When the interface
circuit is powered off, the maximum potential at the first
and second link terminal is actively fed back to the
control terminal in case the interface circuit or one of

the first and second circuits is powered off.

Thus, according to the present invention, a failure in the
interface circuit where a semiconductor switching circuit
is turned on when the interface circuit is powered off is
safely prevented since in this case the control terminal is
disconnected from the related control logic and follows the

highest .potential in the interface circuit.

According to a preferred embodiment of the invention there
is provided a failure prevention circuit adapted to apply

the maximum potential of the first link terminal and the
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6 . SUMVARY OF THE INVENTION In view of the above, the object of the
present invention is to provide an interface circuit which is fail safe when

the interface circuit is powered off. This object is achieved with
interface ci meolpd@egsccording to claim1l-4-,23,-29 as well ag.cﬁmi,@,imls%e
prevention nethod according to claim. Thus, according to the present

invention a failsafe interface circuit comprises at | east one sem conduct or
switching circuit with a first link termnal, a second link term nal and a
control termnal. To connect a first and second circuit attached to the
first and second Idi rltlﬁngcerm nal ,, r.espect.i v ..a _potential difference

e

|
N& AT A to%earbflntst%el%ltilﬁﬁ FEPRPRa?E ¥R rai sed above

bet ween the cOMYG
a predet er m reghitdongsicobd val ushinghen dce ti mhenf abe €aflridfe iiqtpewaced of f,
the maxi mum pgtential; .af the first and second link termnal is actively fed
back to the control fermnal in case the interface circuit or one of the
first and second circuits is powered off. Thus, according to the present

i nvention, aqRide4h@el, NnbhEadpherd %"eﬁzcio.rrcﬁiattFWGSrEhé‘nérﬁéﬁo%o%%‘é%tr‘%r

switching circuit is turned on when the interface circuit 1s powered off
saf el y preveéd e FREETPRtt Al @V dde RAF@sddacr diogef nphathd s di sconnect ed

fromthe rel alegd coanueebr! ogi €cring fQldws LWhRenhtabest oot il 8t he
interface circuit. Further there is provided a failure prevention
circuit adapt&dPPyezfpl 9T herhibi MurhiFetadt PRI 06f 2t PRF 3T IHC |HhwR 1steF ni nal
and the formed by such parasitiAVANRERsSHERThbe pfrvented J

effectively since the potential of all insulation regions
are actively controlled to the most positive potential in
the failsafe interface circuit both when the power supply

is turned on and when the power supply is turned off.

According to a further preferred embodiment of the
invention the failsafe interface circuit comprises a power
supply section and a differential output section. This
allows to provide differential signals while keeping
differential voltages across pairs of signal transmission
lines low without any adverse effect on the quality of data
transmission. Since the differential signaling approach
leads to a low power dissipation per unit area an
integration into a single CMOS-circuit is possible since
precautions are taken to avoid any backward phenomenon or

latchup phenomenon in the integrated interface circuit.

Embodiments of the present invention are described in the
following description in conjunction with the accompanying
drawing in which:

Fig. I shows a semiconductor switching circuit for the

failsafe interface circuit;
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7 second link termnal to an insulating region of the sem conductor
switching circuit when the failsafe interface circuit is powered off.
Therefore, R Paplsard feed or |atchup phenomenon occurs and no current
flows in parasitic diodes of the sem conductor switching cPFEEPYO{ 8N t he

interface circuit is powered off. Also, turning on of a parasitic
thyristor formed by such parasitic diodes can be prevented effectively
since the potential of all insulation regions are actively controlled to

t he nost positive potential in the failsafe interface circuit both when the
power suppl §1Bs Rur neshows andustdsrt Remposrguatipplsyitshingnedrofft
According to a furthefopreferd.ad sgFRodhpeatad dihgdipvention the failsafe
interface circuit conprises a power supply section and a differenti al

out put section. This allows to provide differential signals while keeping

di fferenti aFigyol Bagessie@iHSs Matherotesni duddANSWisehoAg! EPES,{OW W t hout
any adverse effect on the quality of data transm ssion. Since the
differential signalingu ¢ PBadBSRe2 LD SHTIREr di ssi pation per unit
area an integration into a single CMOS-circuit is possible since
precautions.are faken_t o avoi backwar d phenonmenon, or |atchu

phenomenon |ﬁgfhé int%%ﬁ%ﬁeﬁj4%E?E¥Fa58mt??%ﬂﬁ%.Or 5 Ga?ﬁ%nférﬁﬁf%he
present invention areemdesiddded ian theulatiropwimggidescri ption in conjunction

wi th the acconpanying drawi ng i n which: Fig. | shows a sem conduct or
swtching circuit for the failsafe interface circuit;
Fig. 5 shows a maximum generating circuit for generating

a maxXimum potential from two input potentials:

Fig. 6 shows a further maximum generating circuit for
generating a maximum potential from two input

potentials;

Fig. 7 shows an enhanced version of a maximum generating
circuit for generating the maximum potential of

two input potentials;

Fig. 8 shows a failsafe version of the maximum generating

circuit shown in Fig. 7;

Fig. 9 shows a selector circuit to switch the maximum of

two input potentials to an output terminal;

Fig. 10 shows a failsafe version of the selector circuit

shown in Fig. 9;

Fig. 11 shows a failsafe interface circuit applied to

differential transmission of digital data:
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8 Fig. 2 shows a further sem conductor switching circuit

for the failsafe interface circuit; Fig. 3 shows a further

sem conduct owosssighedsi ng circuit enbedded in an i nggtRbdmET00€1 ON;
Fig. 4 shows a further sem conductor switching circuit

enbedded in an insulating region; Fig. & shows a maxi num generati ng
circuit for generating a maxi mum potential fromtwo input

potenti al s; Fig. 6 shows a furt her maxi mum generat i ng circuit for

generating a Xi gym pot ent i al . o) ials; Fi g.
7 shows a lgnhg‘gce SV onf n&oll?‘rﬁ%%ejrfé?ea’ﬁ AEN aPpiieqi t
for generating the naxtwmnmremmlall ofansmission df\/\mljgnpuaﬂ patenti al s;

Fig. 8 shows a failsafe version of the maxi num generating

circuit showmm in Fig. 7; Fig. 9 shows a selector circuit to switch the
maxi mum of Fig. 13 tskpwhputmqgstidnetabs ¢H e digigpafieenmitralface Fig. 10
shows a failsafe version Qf;it h§ 8l eat pigCi{£UI t shown in Fig. 9

Fig. 14 shows a further failsafe interface circuit applied
to transmission of digital data wherein switching

noise can be efficiently compensated for;

Fig. 15 shows a further failsafe interface circuit applied
to differential transmission of digital data
wherein switching noise can be efficiently

compensated for;

Fig. 16 shows a modification for the arrangement of the

maximum generating circuits shown in Fig. 15;

Fig. 17 shows a differential output section substituting
the output section of the failsafe interface

circuit shown in Fig. 11:

Fig. 18 shows a known interface circuit applied to
differential transmission of digital data which is
not failsafe;

Fig. 19 shows parasitic diodes in a CMOS-circuit; and

Fig. 20 shows the formation of a parasitic thyristor

structure in a CMOS-circuit.



Fi g. shows a failsafe interface circuit applied to

di fferent ial transmission of digital data; WO 98/ 02965

PCT/ EP97/ 03700 9 Fig. 12 shows a
further -fai hgghgobfit erface circuit applied to differential
transm ssi on o% cﬁb&g}'l tal data; Fig. 13 shows a nodifi cafFoEPH0%e
failsafe interface circuit shqyn in Fig..12; Eig.-14_. shows a
further failsafe interface circuit applied THIS SHBET HASSBEESS] on of
digital data wherei n SW tch| ng noi se gan. bEHﬁfLﬂ:\CED ently _
conpensat ed for g hows a further fa-seate—tnterface—circuit
appl i ed DESCRLPFSO |@Fe?%§ﬁ5rpéiEq EAROPINENSR of digital data

wherein switching noise can be efficiently conpensat ed for;

Fig. 16 shows dificagjon for the ar rangement of the maxi mum
generating (’:'lllgcu?t gggﬁﬁ\/\?\ ’%Jnr% Fmbpgiineng; gt “ghe ~%h]o?ﬁsfea igterdpeat i al

out put sect |caﬁrcsubsthhutmgrea11zed w1tthh@ QMOQUtr@es:itsm af thhe fakl safe
i nterface ows _a known

i nterface cifr %Fﬂ“aSEF{:g %%sfnown sourcedleleEFﬁﬂ?? a‘? atricgr?srﬁoé’é:lr% of digital

data which iesectrode 6. hottHear ImafseibilikygdidBussshdvalgpariasitbi ¢ di odes in
a CNCS_CIrC%bhblgngn additional NMOS-transistor across the PMOS-
transistor 1 to increase the operative range of the

semiconductor switching circuit.

The PMOS-transistor connects a first circuit 8 and a second
circuit 10 when 2 potential difference between either the
control electrode 6 and drain electrode 2 or the control
electrode 6 and the source electrode 4 exceeds a
predetermined threshold value. Therefore, a suitable
control potential is supplied to the control electrode 6 to
switcn the PMOS-transistor 1 on when the first circuit 8

must be connected to the second circuit 10.

With known interface circuits a particular prcblem arises
during power off, i.e. when a low potential is supplied to
the control electrode 6 of the PMOS-transistor 1. In case
one of the first and second circuit 8, 10 supplies a high
potential to either the drain electrode 2 or the source
electrode 4 of the PMOS-transistor 1 a potential difference
between the drain electrode 2 or the source electrode 4 and
the contrcl electrode 6 of the PMOS-transistor 1 is higher
than the turn on threshold voltage thereof so that the
interface circuit connects the first and second circuit 8,

10 alsc when it is powered off,

To avoid this problem, according to the present invention

it is proposed to provide a conduction prevention circuit

This Sheet Has Been Replaced
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Fig. 20 .shows the formation of a parasitic thyristor structure
ina CMOS-circuit. 10 DESCRI PTI ON OF
PREFERRED EMBODI MENTS Fig. 1 shows circuit that is realized with a
PMOS-t ransi svap9slnzedsat has a drain el ectrode 2, a source el petgpsfzhoand a
control electrode 6. Another possibility discussed belowis to couple an
addi ti onal NMOS-transi stor across the PMPp- transistor 1 to increase the
operative range of the sem conductor switching circuit. The

PMOS-transi stor connects a first circuit 8 and a second circuit 10 when a

potential diff nce . bet we ither the control electrode 6 and drain
el ectrode 2 5¥£%4§§dc58tPBPf%IgﬁﬁrWﬁﬁ%ngaﬁat?ﬂgl%%nﬁ ¢h8 &EeiBde 4 exceeds a
predet er m nec lteluteskel @ watiuthe THenrefeorepcarsde t 4l thentMols-potential is

supplied 10 thecouibol jelgciiods, & L9 SybLebodhes PR trangistior 1 on when

the first circuit e connec 8" %etond Cir cart

known i nt er f aedegifecai cdrauptris mpweregr obfem ari ses duri ng power off, i.e.
when a |l ow potential is supplied to the control electrode 6 of the
PMOS-transistor 1. In case one of the first and second circuit 8, 10
suppl i es a hilfle genenetaPntprevanfdon l§érdral nc@RGtsesde ragimuhe sour ce

el ectrode 4 %en%&%tPNESCEFéwﬁﬁfﬂzﬂth%tagBHEEQEééﬂ tHl ff8fienge et ygen the
drain electrode 2 or the source electrode 4 and the control el ectrode 6 of

the PMOS-trakSitenérat ps H?%H%Fa%qufﬁefﬁéogﬁr% %ﬂ?tqﬂ€e§ﬁHF69vGﬂF§§é°@ﬁereof
so that the igntogr F—aQEPMDBQtIrén@CBtI’chCtlS rhe dbtmit Pedepecandogi tgyit 8, 10
al so when it is powered 10 av%iq this @rqbl%p] accorglng to the
present inve agﬁ gene*a ing circuil 2 1s supplied to ector

circuit 14 having three input terminals 16, 18, and 20 and

one output terminal 22 being connected to the control

electrode 6 cf the PMOS-transistor 1.

The first input terminal 16 receives a signal indicating
that the failsafe interface circuit is powered off, e.qg.
the supply potential of the interface circuit. The second
input terminal 18 receives the normal control potential for
the control electrode 6 of the PMOS-transistor 1 supplied
via the outpui terminal 22 in case the failsafe interface
circuit is powered on. Further, when the signal received
via the input terminal 16 indicates that the failsafe
interface circuit is powered off the selector circuit 14
switches from the input terminal 18 supply;ng the normal
control potential to the input terminal 20 receiving the
output potential of the maximum generating circuit 12, i.e.
the maximum potential of the drain electrode 2 and the

source electrode 4 of the PMOS-transistor 1.

Therefore, when the failsafe interface circuit is powered
off always the maximum potential of the drain electrode 2
and the source electrode 4 is actively supplied to the

control terminal 6 cf the PMOS-transistor 1. Thus, a



it is proposed to provide a conduction or equivalently failure prevention
circuit, [err] AMENDED SHEET I 2 JUN
ra WD 98/ 02965 PCT/ EP97/ 03700
11 adapt t |y the maxi mum potential of the drain electrode 2 an
the source gﬁgcgtg,?o% 4 of the PMOS- transistor 1 to its con‘ﬁerélf gpgg‘hode 6
when the failsafe interface circuit is powe iqs GBE«@ ducti on
prevention circuit conprises a nmaxi mum gene} }t]i §%§ (();‘_git t hat generates
t he maxi num of the potential at the drain electr L3 d . thd source

el ectrode 4 of the PMOS-transistor 1. The output potential of the maxinum
generat i ng daichire 19 ithesdpprréace ochréélltedtsorsaélerldupfeﬁ[ﬁnh%dn$Pg1Ct€hree

input term nals ddhtriA, ea@dtzedand @ﬂeuwtmds—ttq—ramsﬂ@lc0221 being connected
to the contr el ectrode 6 of th MOS-t ransi stor 1. The first input

t er m nal C?Je% &S T8 it RE tpﬁd?%%‘iﬁr‘?ﬁg hagic thers Pesakelsaterface

circuit i s pioviesrefth opf feirengt thepswppdd iR eddid &|olQBw'shehé Nk eghease circuit.
The second |ncncuet terlm th%8 recei V]ﬁ t he n%r gntrol ote tial for the
control el edtrode 6 fo t RECPRASY r &t i ste Ed>0PECE net Sitnse
termnal 224 rpmatgvez tEMOSH-arksaietomter f ace ci rcw t is powered on. Further,
when the signal received via the input termnal 16 indicates that the
failsafe interface circuit is powered off the selector circuit 14 sw tches
from the inpglitg ¢ & mheals 88 fyupheyiempadianardr el toentrol spie emtedfaae t he
i nput termnalr 20« %@ﬂn\@cwngh@wwp}@up&t e i ld 9 Lp d&%ga erating
ectro an

circuit 12, i.e. the maxi num potential of the ralne t he
circuit 28 is not directly connected to a control electrode

30 of a PMOS-transistor 32 but outputs & supply voltage for
a control circuit 34 driving the contrcl electrode 30 of
the PMOS-transistor 32. While the selector circuit 26 also
receives a signal indicating that the failsafe interface
circuit is powered off via an input terminal 36 and the
maximum potential at a drain electrode 40 and the source
electrode 42 of the PMOS-~transistor 32 generated in a
maximum generating circuit 38 it does not supply directly
the maximum potential to the control electrode 30 of the
PMOS-transistor 32. In particular, the selecter circuit 2%
does not lie directly in the signal path leading to the
control electrode 30 of the PMOS-transistor 232. Thus,
according to this embodiment the additional circuitry
necessary to achieve failsafety for the interface circuit
has no impact on the overall timing performance of the

failsafe interface circuit.

A further embodiment aims at the prevention of any backward
feed effects in the interface circuit. In particular, this
further embodiment aims at avoiding any backward feed
current via parasitic diodes between the drain electrode or

the source electrode and the n-channel of the PMOS-

This Sheet Has Been Replaced




source el ectrode 4 of the PMOS-transistor 1. Therefore, when the failsafe
interface circuit is powered off always the maxi mum potential of the drain
el ectrode 2 and the source electrode 4 is actively supplied to the control
term nal 6 ofwd ém28¥0S-transistor 1. Thus, a PCT/EP97/03700

12 failure in the interface circuit is safely prevented since the
control electrode 6 of the PMOS-transistaed 1 is disconnected from the
control logic when the failsafe interface circuit is powered off and

foll ows the highest potential of the drain electrode 2 and the source

el ectrode 4 q@f _the - LT istor 1. . Fig. 2 shows enbodinent, K of the
failsafe int grr gggsglg/%ﬁ%?a@i% acting o gi FRER S 2P é’&gpﬁéaﬁhﬁfﬁ a

sel ector cir ¢hivir128okrsshouctirestdhpwronneétied 2@. a control el ectrode 30 of
a PMOS-transistor 32 but outputs a supply voltage for a control circuit 34
driving the control electrode 30 of the PMOS-transi stor 32. Wile the

sel ector cir&digt 38shPwd aRcenbassimgndi whakei adPMREitmpnisiatorhédfas| safe

interface CibgMbbiakd PRWEHethalfaing 3Bk BRUL 6t LI Ny ?ag ﬁn\gei?.e maxi mum
potential at a drain electrode 40 and the source el ectrode 42 0f "the
PMOS- t r ansi sPéRi32r gEfef e RMRAF ieRaRi ABATHERRY atd Wy reispeatt t88Fig. dbes not

supply direckhy Fhe.nmaximuneys-aitanadlstert he contdreal @6t LOHE30 of the

PMOS- t r ansi st or gZ. .1n gr# c%{igr,. the selector circuit 28 does not lie

directly in tH&ES i@hé‘Fugat 1P G eE8PEhEL EOMt T 010 dPeCRFBdR 30 OF the

PMOS-t r ansi spote8R2iaThasf f acoatedibegwieent Bi soethodigiert rbhe agldidd anad

circuitry negessary to.acehi eve f ilsﬁaf ety for the in %{c ggﬁ?c% cuit has no
e

. ain ectro an e, source e . .
I npact on thé overa f %lnlng pertornmance O t%e'?alls ace clrcult.

A further enbbdreehteacesdata tdredetevantedntinfesmidcoaelkvward feed effects in
the interface circuit. In particular, this further enbodi nent ains at

avoi di ng any backward feed current via parasitic di odes between the drain
el ectrode orHere, the maximum potential of the drain electrode 54 and

the source electrode 56 of the PMOS-transistor 44 generated
in a maximum generating circuit 58 is not supplied to the
control electrode 52 but via a selector circuit 60 to a
contact 62 of the insulating region 46 embedding the PMOS-
transistor 44. Therefore, no backward feed current flows in
parasitic diodes between the drain electrode 54 or the
source electrode 56 cf the PMOS-transistor 44 and the
insulating region 46. Alsc, a turning on of the parasitic
thyristor shown in Fig. 20 can be prevented effectively
since the potential of the insulating region 46 is actively
controlled to the most positive potentizl in the failsafe
interface circuit both when the power supply is turned on
and when the power supply is turned off. Therefore, the
failsafe interface circuit uses the maximum potential that
may occur to actively prevent the occurrence any failure

therein.

Fig. 4 shows &z further embodiment where the advantages of
the embodiments explained above are combined. Here, a

maximum potential of a drain electrode 64 and a source



the source el ectrode and the n-channel of the PMOS- [err] [err]

WD 98/ 02965 PCT/ EP97/ 03700

13 transi stor and the prevention of turning on of parasitic thyristor
structures bix Fig. 20. Fig. 3 shows an enbodi nent where a

PMOS- t r ansi ??g%é%g&i s enbedded in an insulating region 46 F’Eiﬂ%’é"aﬂﬂs
Nwell. Simlar to the enbodi nents des§r4i bed with respect to Fig. 1 and
Fig. 2 the PMOS-transistor 44 is adapted to connect a first circuit 48 and
a second circuit 50 in case a potential difference between a control

el ectrode 52 and one of the drain electrode 54 and the source el ectrode 56
t her eof excetREF P &t 8F nP nBYOT M easHoIsForalbe geneFied ithe mmwimum

potenti al ofgdrtg ridign cekreatt ol £ anpitika seupseneh esdfady 56 of the
PMOS-transi stor .44 ggner ated in a maxi mum generating circuit 58 is not

suppl i ed to SIRETESET dF BPECER otRSER Y Fieg15nséf ebBoFed + diarederen a
contact 62 afhd rMdsrsubakiBgor eg8 arertheaidheddi Rgrhbe MG ddansimst or 44,
Therefore, no bee}%(v(\:/ar%.fe%d current flcfvvs i n par i\si tic di odes between the
drain el ect r'gtfe 5t CREUSEU T PRITHST Sd 585 ‘f‘ﬁea’ﬁ\/&a-ct “ars dteed 44 and
the insul atiog reagihop $6endhsnon aid walialy eroatiethiey pacwisidliC t iy i st or
shown in Fi 2 r ffectively. since the tent.ial .of the
i nsul ati ng gr}cehgel glr?cs%gait&gngcﬁ;gg{)@d%@n G o1 O%é(% PR2* hbst %"8‘5‘1’} iZe pgbtenti al
in the fail sdfee faitlerffacéntertadce diotduiwhen t he power supply is turned on
and when the power supply is turned off. Therefore, the

The embodiment shown in Fig. 4 comprises two selector

circuits 76 and 78 used to feedback the maximum potential

outputted by the maximum generating circuit 70 to the

control electrode 72 and the insulating region 74,

respectively.

Of course it is also possible that the selector circuit 78
feeding the control electrode 72 of the PMOS-transistor 68
15 not directly connected thereto but tc a control
amplifier (not shown) that feeds the control electrode 72.
This allows to eliminate any impact on the timing
performance on the failsafe interface circuit when
connecting a first and a second circuit 80, 82. Further,
the first and second selector circuits 76, 7B can be
combined into a single selector circuit that connects both
the control electrode 72 and the insulating region 74 of
the PMOS-transistor 68 to the output of the maximum

generating circuit 70.

Fig. 5 shows a basic structure of a circuit for generatang
a meaximum potential from two input potentials that may be
used as maximum generating circuit. This maximum generating

circuit comprises a first PMOS-transistor 84 and a second



failsafe interface circuit uses the maxi mnum potential that may occur to
actively prevent the occurrence any failure therein. Fig. 4 shows a
further enbodi ment where the advantages of the enbodi nents expl ai ned above
are conbi ned.woélesr@sssa maxi num potential of a drain el ectrodeckikpdindr@d
source WD 98/ 02965

PCT/ EP97/ 03700 15 14 el ectrode 66 of a
PMOS-transi stor 68 generated in a maxi mum generating circuit 70 is supplied
to both a control electrode 72 and an insul ati ng regi on 74 thereof.

Therefore the, MOG- L ran 0%, 6 an.,never be t n.,n case the
interface ci I’(IZVEI'[ Sl\%lé%%dggf 1t912£ sC aﬁ’y Sac‘?& ‘g bElcP%r | at chup
phenomenon |s:<87afe@|t}eda\tol ted bytmot itegimintyi 6§ tliethaswdatnurg region 74 to

the oSt poSiddnie AALENtLakalf. e Iallsahe hBLebageo i il dyy o The

enbodi nent shiown in Fi'g. onprises two Selector circuits 76 and 78 used
to feedback tﬂﬁ@srréilaﬁrﬁ#ﬁﬁ@tfe%l%d ddep setegebe l eREr AR P hge s@caning

circuit 70 teMdeankigtog! @@téfweco?x%e%@@dt fee tan%ykéﬁlﬁqadtegde%l?él .
respectively. O course it is also possible that the selector circuit 78

feedi ng the cthfolthgl BakiBR ey tiRg PWBSHtlFan%%t‘é(PmBBDll slgstrdfieect|y

con?eclt edI t h?;rﬂeg:aet;gtecbﬁdapnmuﬁﬁntsam:olrf ig@r tafuﬂothé h@MJ)rE tél@cttﬁgﬁgsot‘ he
control el ectrode ws to imnate an npact on e timng
perf or mance oM<t hé TFi EQQ? gf?ﬁselﬂ‘ta?cre%cn AEGi Foﬁﬂﬁﬁtﬁ%nﬁ%cﬁ igOR%irst and a
second circuiinp®@, t82mikalt h2rof tthhe maxdmuandeseeaniingetiacharc.circuits 76,
78 can be conbined into a single selector circuit that connects both the
control electrode 72 and the insulating region 74 of

When the input potential at the first input terminal 90 is

higher than the input potential at the second input
terminal 92 the potential of the control electrode of the
second PMOS-transistor 86 is lower than at the source
electrode thereof so that this second PMOS-transistor 8¢& is
turned on. Thus, the potential at the first input terminal

90 is supplied to the output terminal 8B.

To the contrary, if the input potential at the second input
terminal 82 is higher than the input potentizl at the first
input terminal 90 the first PMOS-transistor 84 is similarly
turned on while the second PMOS-transistor B86 remains
turned off so that the input potential at the second input
terminal 92 is supplied to the output terminal 88.

Fig. 6 shows a modification of the maximum generating
circuit shown in Fig. 5 where a first PMOS-transistor 94
and a second PMOS-transistor 86 are embedded in insulating
regions adapted to be biased to the maximum potential at
the output terminal 98 of this maximum generating cir:ﬁit.
As outlined above, this allows to avoid any feedback
current or latchup phenomenon in the maximum generating

circuit and tec provide the maximum potential at the input



the PMOS-transistor 68 to the output of the maxi mum generating circuit 70.
Fig. 5 shows a basic structure of a circuit for generating a nmaxi num
potential fromtwo input potentials that may be used as maxi mum generating

circuit. Thivg ggR¥JelUM generating circuit conprises a first ransi stor
84 and a second WO 98/ 02965 St

PCT/ EP97/ 03700 16 15 PMOS-transistor 86 with
t he conmon el ectrode being connected to the output term nal 88 of the

maxi mum generating circuit. The control electrode of the first

PMOS-transi stor 84_and t he source el ectrode of the second PMOS-transistor
86 are connbBfBHREHSalf9r k09 ndle MariPHRI IR e CRESHAEM gener at i ng

circuit. Theceeptiny e€berid ode Bl heosrcHND MOt HaRSketpec8Hy&nd the
drain electro e of the first PMOS-transi stor 84 are connected to a second

i nput termi Aaf* Ee%‘?etxﬁ%t‘?‘rea%ﬂ ith §eRBREE# Y &h G WO 1RBAR the i nput
potenti al atethénélssisimpgiert etmmnal tRPesiso M gt alglkamot BRitapudn pot enti al

at the second rm nal. enti of the c ntr ectrode of
t he second ?’fﬂ&ef %bﬂégs?ﬁ? gtl Ilég’ t%ﬁnﬁgqs ttﬁ€“§65 gﬁecé?ode t her eof
so that this second PMOS-transi stor 86 is turned on. Thus t he potential at

P (Lrst | BBkaberupRLA0 b SURE LECL LANG AWUReLLERL BB, To the

contrary, ential a e Secon i s higher
than the i npuffpoemelat e timpufti terminpls terlwweal thent hbkisir st

PMOS- t r ansi @Apasﬁéwsvéim &I Iph et YEBEdn O W & tl@etﬁseom M- éa(saé‘s' stor

86 remains turned SO t%at the input potenti al at t he second 1 nput
t er i nal 92“P§eSBEpW%dP“fQJS‘ttFF@”édtS;SBFSt‘éH‘ﬁH’aﬁ tggned on. Further,

the potential of the insulating regions of the PMQOS-
transistors is undefined since no current forces the
insulating regions to the highest potential. Also, the
potential of the insulating regicns can not drift so far
away. It will be limited downwards by parasitic diodes and
upwards by the PMOS-transistors because at least one cf
them will be turned on when the potential raises more than
the threshold voltage to turn on either of the PMOS-

transistors above the potential at the control electrodes.

This problem is solved by an enhanced version of the
maximum generating circuits shown in Fig. 5 and 6. This
enhanced version of the maximum generating circuit is shown
in Fig. 7 and comprises four additional PMOS~-transistors
104, 106 and 108, 110 and a current source 112. The
PMOS-transistors 104 and 106 are connected in the same way
as the PMOS-transistors 114, 116 corresponding to the PMOS-
transistors 84, 86 and 94, 96, respectively, to the input
terminals 118 and 120 of the maximum generating circuit.
Further, the PMOS-transistors 108 and 110 are connected in
series between these two input terminals 118 and 120, the
common electrode of these PMOS-transistors 108 and 110

being connected to an output terminal 122. Also, the



Fig.. 6 shows a nodification of the maxi num generating circuit shown in Fig.
5 where a first PMOS-transistor 94 and a second PMOS-transistor 96 are
enbedded in insulating regions adapted to be biased to the maxi num
potential at widwgnessput term nal 98 of this nmaxi mum generat pReepd-siht - AS
outlined above, this allows to avoid any feedback current or latchup
phenonenon in the maxi num generating cirgwit and to provide the maxi num
potential at the input WO 98/ 02965

PCT/ EP97/ 03700 16 termnals 100, 102. The
maxi mum generating circuits according to Fig. 5 and 6 work as |long as the

respective dFPFEFBRCECHEESEE? t5e CHBPEREFAI C RothEM RS OinpdectEpdedal s i s
hi gher than aft bhneshebs- vodrisigeot-e S0Bt 8Rd o ®i drierc PRS- EhaRshsSt or 84, 94

or PMOS-transistor 86, 96. eyer recautjons have to be taken when the
potential di F?%Feﬁ%ge a?gt%}ée |gr§%g$ f@?‘ﬁ?ﬁﬁ?ﬁsi]‘so‘rcﬁﬁéf L[%r“?an this threshold
vol tage. The reason for this is that in this case none of the

PMOS-t r ansi st Qr i1l.b her, th tential of the

i nsul ati ng régi g%}s%o%stﬁ“eé g&?ﬁ%gt?rggnglyé%%?%n?% aﬁtn?f i ﬁé‘&ugi g%m’n’?)aJc%r r ent
forces the i h$6l andniR ¢ expiamesist hehéhheghebd giotesritiiadl foAl sornthe @otenti al
of the insul gtipg,regi o _Rot de | F ANVaY i LL.be limted
downwar ds by par agi tlﬂcgg?o es an nup\%vg!rbfjio]b{/ﬁt%e PW@SEC%IF;\{R‘LS’%%‘?%PS because
at | east onedpRerabM N FIrHE Lt sPAYE &N Rken T morkst dasiaklizi sestmore than

the threshol da¥el hagead ot xQRufl HBREr Of s A& iPMEr st kBBShSEQr 8 gbaye the
potential at the_control el ectrodes, This problemis solved b

an
enhanced ver &M8n® of 1} RATSG I g8REREE i My By EMOSs tERBIASFAr i HE4 5 and 6.
Thi s enhancednyer 8d osir 0f 1 & ldmagEnuil eperalhid Gnr audt gi seShigen in Fig. 7

and conprises,four, additi.onal Pl\/tﬁ‘)g-tr.ansj stors 104, §6 and 8 110 and a
current sour%églﬁ% %“éerbl\é- Frah8fst BPY- 1R foé% r 80 0?1% ctedh$ the
same way as bhepPVOStmiarsl dt2@r sn@lde 116 comces parditmgde oo £ hehdMOS-
PMOS~-transistors 108 and 110. Since the largest input
potential is supplied to the control electrodes of the

PMOS-transistors 108 and 110 they are turned off.

If the potential difference at the input terminals 118 and
120 is lower than the threshold voltage to turn on either
one of the PMOS-transistors 114 and 116 or 104 and 106 they
will all be turned off. In this case, a node 124 is pulled
low by the current source 112 so that the PMOS-transistor
108 or 110 is turned on depending on which PMOS-transistors
108 or 110 has the highest potential at the electrode
connected to either of the input terminals 118 and 120.
Therefore, also when the potential difference at the input
terminals 118 and 120 of the maximum generating circuit
shown in Fig. 7 is lower than the threshold voltage for
turning on either of the PMOS-transistors 114 and 116 or
104 and 106 this maximum generating circuit is operable to
provide the maximum input potential at the output terminal
122 thereof.



transistors 84, 86 and 94, 96, respectively, to the input termnals 118 and
120 of the maxi num generating circuit. Further, the PMOS-transistors 108
and 110 are connected in series between these two input termnals 118 and
120, the conisgbgact rode of these PMOS-transistors 108 ang %éggpelng
connected to an output termnal 122. Al so, the § G870

PCT/ EP97/ 03700 18 17 current source 112 is
connected to both control electrodes of the PMOS-transistors 108 and 110
and to the comon el ectrode of the PMOS-transistors 104 and 106. As | ong
as the pote difference he input terminals 118 and 120 exceeds the

Lial t
t hreshol d nggnt?th?H? r %ﬁﬁuﬁﬁiéﬁFﬁéP“o??lﬁ%eﬁWES“FWhH§P§F6FSUQ14 and
116 the naxiciuwaugenehaih ngn cH‘Jrg:uﬂt whie@enalld PMQS- tframyiks okasioal l:b! in the

h t. t hown 5 d 6. |
ca, vay_ e PP LB BRSL GG LSRR ol B 213 B 100 1

ﬁre e
particul ar, er o

be turned odnandsgova)th@ahlgmmstnmeEHﬁlab ahetmuxmmnmupotenmnaals 118 and

120 to the |.ec

PMOS- tranS|g#%?ggiogﬁn{@E%f%gagﬁﬁgg%%ﬁgg?éﬁggy¥P?€?fi %ﬁggﬁgﬁ tl?s supplied
to the cont tblisepebaneeesnafinie JRMESatiagsFiroest 108 am@u1a©lnbey are
turned of f. roghbnkhgr POL B4 éﬂtfgéfﬁér%ﬂ%eh§%h£9@ ﬂéﬁ&ﬁtﬂ@%r”&ﬂékgf%%§ and

120 is lower than the thres voltage to furn on either one o
PMOS- t r ansi $h6r Bo18at s 19% dre 10FUdRdirgereneynnidne allvayes veathed of f. In

this case, aeaqudlzﬂw s@ paw %dmr@y ftees @yrrmhﬁp%@%&\éaoﬁ%mm the
PMOS-t r ansi st or § $ éhturne ependi n ich PMOS-transistors
fi gﬁé%?ep

108 or 110 R&s2VRe %NH%E%Sléﬂctﬁ °gfec %dﬁ’éoﬁn@@?@ﬁe?o ei t her
of the |nputohetaleaéstﬁdabsumtiuahlﬁTheéetﬁbeesaésojmhemoshe pot enti al

di fference nput r als 11 nd 1% the enerating

circuit sho%%a ?ﬁk opy l£§ Toaﬁ% QQBt ﬁer? ?5% o) Qf W%ln eIFglofﬁrnlng on

ei t her of theePNﬁﬁxtnamssbyokeptlbmnam@rﬁmetove This allows to avoid
undesired variations in PMOS device parameters, .in

particular when low voltage processes are used.

Fig. 9 shows an embodiment of a selectcr circuit. Here, a
NMOS-transistor 150 has a control electrode connected to a
power supply line 152, a drain electrode connected to a
first input terminal 154, and a source electrode connected
to an output terminal 156. In addition, there is provided a
PMOS~transistor 158 having the control electrode connected
to the first power supply line 152 and the drain electrode
connected to the cutput terminal 156. The source electrode
of this PMOS~transistor 158 is connected to a second input
terminal 160 of the selector circuit. An additional PMOS-
transistor 162 has its drain electrode connected to the
first input terminal 154 and its source electrode connected
to the output terminal 156. A further PMOS-transistor 164
has its control electrode connected to the first power
supply line 152, its source electrode connected to the
second input terminal 160 and the drain electrode connected
to the control electrode of the PMOS~transistor 162. The



204 and 106 this maxi mum generating circuit is operable to provide the
maxi mum i nput potential at the output term nal 122 thereof. WO

98/ 02965 PCT/ EP97/ 03700

18 Fi g. 8 wWhesw29em enhanced version of the maxi num gener gcigofidshepi t
shown in Fig. 7 where all PMOS-transistors 126 to 136 are enbedded in
insulating regions of the NNwell type (ne® shown) that are connected to the
maxi num potential derived in this maxi mum generating circuit. According to
t hi s enhanced maxi mum generating circuit the insulating regions are al ways

e one e Bhabest BLERLLA o NRLERDE. cLDS: PALENUAY Sndl chlcarDed! 211 N0

regi ons are a ways we any mard fee
phenonmenon Cah955199©|@édt%¢rﬁﬂ931ﬁ§aﬁéﬂaSPtlbGﬁliﬂk¥§0338Cted148abEtmeen

source eleCtNﬂ@§5t95n9{§t8rei@@ﬁﬁp%e§eggn8hﬁbw@41%uﬂﬂﬁ%n§ﬁﬁgo g126 to 136
and the related insulating regions are conti nuous képt non- conductive

This allows to avoid undesired variations in PMOS deV|ce paraneters, in

particul ar WBBn! 6MeVOht 8HLadY QGOTH8S 3kCpyRefed orfithe 2e3BOWSy anN
enbodi nent of a selector circuit. Here, a NMOS-transi stor 150 has a control

el ectrode coRhEEREH 80U ptRver: BuSpCPRPRRES 1812 Gl XftailAPBE eBRFBHR2 L onnect ed
to a first i mputwteh ntRel odtght arAranaQuIse. Q‘L@@H(ﬁﬁ‘ie monmgctedartcp an

tput t ddi t§ PMOS- t tor 158
aving the cOREr B BF berTOMS L OMTBET et ot b Ehe HT G Do F e URRRS 1 ne 152

and the draialetEEOdod@fcomnéoﬁédttenshetontpwheﬁeﬁynthab 156. The source
el ectrode of Se PME: Lt t 8 1s te va second i nput
Pk?é EP se ec or §1£1n£§ a&@ %%1 c{I SNEEFlfrans?stor 162

term nal 160 circuit. An ad Fi'ona
has its drai hiekedttodeheofridctedd tlotehéade rcs:trqumcut Inethimastdtet and its

source el ectyodg enenﬁ&ta@tta taitet%t @yt { egmnalg uioéﬁiv £ fur

PMOS-transistor 164 has its control electrode connécted to t%e first power
supply |ine Bbgh $¢stRybrere AMESHtegeséohpeete t2ed Aé6 are turned

on. The NMOS-transistor 166 connects the second power
supply line 168 with a low potential to the control
electrode of the PMOS-transistor 162 which therefore is
alsc turned on. Therefore, the first input terminal 154 is
connected via the NMOS-transistor 1590 and‘the PMOS-

transistor 162 to the output terminal 156.

An important advantage of this selector circuit is that
NMOS~-transistor 150 and PMOS-transistor 162 are connected
in parallel to connect the input terminal 154 to the output
terminal 156. This increases the common mode operating

range significantly.

The second operation mode of the selector circuit shown in
Fig. 9 is related to the powered off interface circuit when
the potential on the first supply line 152 is low. In this
state the potential at the second input terminal 160
corresponds to the output potential of the maximum
generating circuit and thus to the maximum potential in the

interface circuit. Therefore the PMOS-transistor 158 is



second input termnal 160 and the drain el ectrode connected to the control
el ectrode of the PMOS-transistor 162. The WO 98/ 02965
PCT/ EP97/ 03700 ' 19 control el ectrode of

the PMOS-tr awnsbsidaods 162 and the drain el ectrode of the P - .stor 164
are connected via a NMOS-transistor 166 to a second pomeg/ogg%%i y I.lﬁ)?\e 168.
When the interface circuit is powered oaothe selector circuit shown in Fig.
9 connects the first input termnal 154 with the output term nal 156. As
shown in Fig. 2 and 4, the normal control signal is then supplied to the

control electr ]]yg)% i St Qt, e hj MOS-t r.ansi stor is
turned on a(ri: r@%ﬁnggt éﬂtghg Ci r%{]eﬁ'{{?alﬁi %Eeaw?oggﬁ%n al SPSLET e elrrrﬁlé’la?ace
circuit. |nutRi dsssaprplapdote Nehpotdpritakteaninvhk 156 stf pdwersedeppby | i ne
152 is high t NVOSs j r 0 d . yr.ned . The
NMOS- t r ansi s?tcigfh?gé ggﬁnect S étlﬁégq?g?ggldﬁééééﬁgu%%ﬁ ﬁaﬁlesll%ég%wltgﬁ a |l ow
potential tadStAaragat PBl Sel kkdt dde FoteRéipMOBt t Famsixticroll @2 enfirotie

therefore i gralsQ bubBLEr9Rs: I @l @orthepbhasttd NHE HErMupal 154 is
connected via the NMOS-transistor 150 and tﬁe PMOS- transistor 162 to the

out put ternmPR&ENES61 inaRhE triERCeadaRtAGe Y Ehis BESsdransépEenit s
t hat NMOS- t nasirein@hnd50uaned RMIS- tihanskakOho 182 &F & ClynagiLeeon- par al | el
to connect the input terpjnal ;3?4 tg the output termnal 156. This

i ncreases tﬁéa(’:‘ér’rﬁﬁﬁrﬁoégbo?fé? Ei%g“%“&ﬁgéhgig‘nf?’i‘%‘aﬁlv therne second
operati on mdepetttike seherdbrelddtruidiesshownesporldg.td e nehated to the

powered off _jnterface ci i 1. whe pot ent i on the first supply line
152 is | ow plor%egkrtng%‘isfbgt éﬁ%h%’%%t e%r‘ilhggly gggghsé%s'econd i nput term nal 160
corresponds to the output potential of the maxi num generating circuit and

thus to thefqﬁxiQ%nkﬂgﬁgnéiQéléékég“%ircuit with improved failsafe

capability. Terminzls 170 to 174 receive the maximux cf the
potential at the second input terminal 160 and the VDD
potential. Therefore, the maximum of the potential at the
second input terminal 160 and the VDD potential is supplied
to the insulating regions c¢f the PMOS-transistors 17§ to
180 so that in arny case a turn on of these PMOS-transistors
176 to 180 is prevented. Therefore, the PMOS-transistors
176 to 180 are disconnected from the related control lecgic

in case the interface circuit is powered off.

Further, all PMOS~transistors 176 to 180 and NMOS-
transistors 182, 1B4 are provided in insulating regions.
The insulating regions for the NMOS-transistors 182 and 184
are tied to the potential on a second power supply line 186
via connections 188 and 190. Further, the insulating
regions of the PMOS~-transistors 176 to 180 are tied to the
output potential of a maximum generating circuit viz the
terminals 170 to 174. Thus, in the failsafe selector
circuit shown in Fig. 10 the potentials of the insulating
regions of the PMOS-transistors 176 to 180 are actively

tied to the maximum potential in the failsafe interiface



interface circuit. Therefore the PMOS-transistor 158 is WD 98/ 02965
PCT/ EP97/ 03700 20 turned on and the
potential at the second input termnal 160 is supplied to the output

term nal 156 ¥P9WMW6sel ector circuit. For the sane reason alwa/Er9%03700
PMOS-transi stor 164 is turned on so that the potential at the control

el ectrode of the PMOS-transistor 162 corrasponds to the maxi num potenti al
inthe interface circuit and this PMOS-transistor 162 remains turned off.
The sane holds true for the NMOS- transistors 150 and 166 since the

otential at S t l_.el roges, cory esponds to the | ow
Bot ent: al on %Egufl?rgfiest%g Egé)t{gr{tqafgz%tr I%ge l?Lf) J&?ng & SF°8St 8F circuit

with inpr ove&*aW@éféréafaa%W#% W.82Terl@idnaks ctc?@sv;zmt:lm hredekiate gtbangaxi mum
of the poten o@len@tlagheTﬁgggf@ré npligte TS%I‘:LI%‘ICIEQ}]E' 460, and tsh% \Ht? potenti al .

Ther ef or e, e maxi_mum of potenti al at second npu erm nal 160
and the VDD FEtésefsl Wiléh%%p#rnedatt@mﬁeornéamwaurpg fesng ehenoheths.
PMOS-transi stors 176 to 180 so that in any case a turn on of these

PMOS- transmﬁ_ors 176 to 180 js prevented. Therefore, the PMOS-transistors
176 to 180 afeé9di SLoffiRes e ?I’r%etrhémpépéf“éﬂt CHRTD. theoélaéllsﬁfease t he

interface ci mmeﬁ:fwepoy\ecﬁm of connEthBGEo al ovPé%uth@'}s'c§Lg{1§t 176 t'(I)'h
ating regions. e

180 and NI\/DS Eranglstors 1 .184 % ﬁ ?r?wd in insu

i nsul ating r&grofadidf THE THAhs 28 oF 8T 1801 G P84 O¥tEYti ed to the

potential ontarsésshdcpovwertesiippl )a tiraeshB86s vom lciorenacts.onsi188oan¢ 490.

Further, the a e t S-t r.ansistors 6 to 180 are tied
EHEYE Bﬁg?ué éhfyﬁit is @EOBND {Eﬁ f; ure %ZS PH@b?Erﬂfnals

to the out put potenti i Mim generati ng circ
170 to 174. fFHGEULlﬁlW\telthalalCmfreilsel eot bhecmmttmsxh@\am BhsBige 10 the

potential s ogrgggef NewAtdNY Medis ogﬁlb ntnE'ﬁ‘ Pll\%ﬁtltersa%l $tars 176 to 180 are
actively tied to the maxurumpotentla % safe interface
transmission of digital data w1th & high transfer rate such

as the differential transmission and reception of digital
data.

In particular, a first semicenductor switching circuit 198
is connected to a first output terminal 260 of the power
supply circuit 192 and a second semiconductor switching
circuit 202 is connected to a second output terminal 204 of
the power supply circuit 192. Each semiconductor switching
circuit 198, 202 comprises a PMOS-transistor and an NMOS-
transistor (shown in dotted lines) operatively coupled
across the PMOS-transistor. As outlined above, this allows
to increase the switching range of the semiconductor
switching circuits 198, 202 and thus also the applicability
of the failsafe interface circuit.

Further, an output terminal of the first semiconductor
switching circuit 198 is connected to a first input
terminal 206 of the output circuit 194 and an output

terminal of the second semiconductor switching circuit 202
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21 circuit and the potentials for the insulating regions of the
NMOS-transi stors 182, 184 are constantly held at ground potential.

Therefore, thg&rbsigtor circuit is fully failsafe w thout ﬁg%’k tehup or
PEQHBED e

backward feed phenonenon. Fig. 11 shows a further enbodi

failsafe interface circuit is connected 19 a power supply circuit 192 and
an output circuit 194 for driving an output term nal connected to a

transm ssion line 196. Wiile only a single output circuit is shown in this
figure the nunber of output circuits according to the invention can al so be
greater thanigneonmegiedisodi merenfefiapes terninelt 2Q8saf sshencofpul git al
data with a high,ifapsfer rate such as the differential transm ssion and
reception of digital data. In particular, a first sem conductor sw tching
circuit 198 is connected to a first output term nal 200 of the power supply

circuit 192 apdo@t SACANhrstid, CORAUSLAE r SYb STV NG rHuli €Uk b2 208m5 55 £@nnect ed
to a second out%lljé term nal 204 of the power sudpply circuit 192. Each

seni conduct of " sYRFERE HF CiriCue9198 ; 92020 NPT sdL 2R SPRERE t £hAis?nd or and an
NMOS- transi shorNfehomar sl sdolt ed4| wResh Operddrneeltyrdacedptied across the
PMOS-transi stor @as out lid1eg. %bov% this allows to i ngr.ease the sw tching
range of the d&RFeoNfuct'or SWPERPnGPRPRIA T YoSH15651 8RR Hird A0 t he
appl i cabi |l ityhefetPoS-aidrshfiOSAterfateters calid,. 214Fdct herpoadiold my

term nal of I [S a_conduct | i ci it 198 is.connected to a
first input %%?n‘%%%léﬁ%ag{%% {aﬁe%og'ﬁggpﬂécﬁ%ﬁuﬁgﬁe I{S‘?égn nggg%ufsﬁ)ut term nal
of the secontraesfeorrilicimt swPerBEngogreeuitoR@hown) to the

inductance 210. After this charging phase the first
semiconductoxr switching circuit 198 and the second
semiconductor switching circuit 202 are actuated such that
at least part of the energy stored in the inductance 210 is

. fransferred to input terminals 206, 208 of the output
circuit 194. Therefore, the potential at these input
terminals 206, 208 varies in dependence of the setting of
the charging and discharging phase for the inductance 210
and the actuation of the first and second semiconductor
switching circuits 198, 202, respectively. In addition, the
output circuit 194 comprises two additional semiconducter
switching circuits 216 and 218 connecting the input
terminals 206, 208, respectively, to the output terminal
196 of the output circuit 194.

As shown in Fig. 11, a potential at the output terminzl 196
of the output circuit 194 is fed back via a resistor 220 to
the control gates of the PMOS~transistors 222, 224
comprised in the semiconductor switching circuits 216 and
218 when the failsafe interface circuit is powered off. The
semiconductor switching circuits 198 and 202, too, are

provided with this failsafe capability.
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22 is connected to a second input termnal 208 of the output circuit
194. As outlined above, the power supply circuit 192 conprises an

i nduct ance 2WP WsM865e. g., one PMOS-transi stor 212 and one NMIGEp@svEé St Or
214 which are connected to the inductance 210. Through appropriately
switching on and off these PMOS- and NMIB-transistors 212, 214 it is
possible to set the duration of a chargi ng phase where energy is
transferred froma power source (not shown) to the inductance 210. After

this chargi ngsphasentlhe 14 ity S eANUER 0o SMACIUING GlLRULY 188 and the
second sem conduct or smﬁtchln% circuit 2 are actuated suchthat at |east
part of the EMEPQyra3PdHteEPTH 44%e PABuéRabee SO donduchest swiddhtingi nput

termnals 206:r2@8t9f 188 it RULELEEYE o4 tThey efideRc1lhecRALepLtal  at
these input termnals 206, 208 varies in dependence of thé setting of the

char gi ng and*8FBERA+YF MY phase for the inductance 210 and the actuation of
the first and second sem conductor switching circuits 198, 202,

respectively._.In dition, the.qutput circuit 194 conprises two additional
seniconductoFlgmﬁ? hf?@f%i%6%F?gl?§6egﬂﬂd§T§“béﬁh § RYPHE FAPE¥i%erm nal s
206, 208, resheet welydditnidrae eMOPpUtriesiduwd 256 iaf ihBerewhpuhtsi rcuit

out put ci reucte1bhemefer Pt t8hOERE Rl By 18R Taofbral gates of
t he PMOS-transhttol st@awingddzd ofonbei BYAS 1 trrdrivel sg@misc 83duct@r swmi tichi ng
circuits 210sgpdegifaahion g chahlbSal Lol MLTace Al Culi kol Sepguer ed of T
The sem conductor switching circurts 198 an 202, too, "aré provided with
this failsaf ceéapapi$etgctor circuit 232 is not directly lying in the

signal path to the control electrodes of these PMOS-

transistors 222, 224 but supplies the potential at the

output terminal 186 of the output circuit 194 as power

supply potential to control zmplifiers 234 and 236 driving

the control electrodes of these PMCS-transistors 222, 224

when the failsafe interface circuit is powered off.

Further, when the failsafe interface circﬁit is powered off

the selector circuit 232 connects the potential at the,

source electrode of PMOS-transistor 238 to a contrel

electrode of this PMOS-transistor 238.

As mentioned above, NMOS-transistors are operatively
coupled across the PMOS-transistors in the semiconductor
switching circuits 198, 202, 216 and 218 to enlarge the
operative range of these semiconductor switching circuits

when the failsafe interface circuit is pcwered on.

Also, as indicated by arrows in Fig. 11 and 12 the
different backward feed paths in the failsafe interface
circuit are cut off at different positions, e.g., the
semiconductor switching circuits 198 and 202 or the

semiconductor switching circuits 216 and 218.



WD 98/ 02965 PCT/ EP97/ 03700

23 As is shown in Fig. 11 to each control electrode of the
PMOS-transi stors 226, 228 in the sem conductor switching circuits 198, 202
a selector oydesibes S directly connected, respectively. c%np&‘gos? ows a

nodi fi ed enbodi nent of the output circuit where an addi ti onal
PMOS-transistor 230 is inserted into the,feedback path fromthe out put
termnal 196 to the control termnals of the PMOS-transistors 222, 224 in
t he sem conductor switching circuits 216, 218. Also, the related selector
circuit 232 is not directly lying in the signal path to the contro

el ectrodes of these PMOS- transistors 222, 224 but supplies the potenti al

at the out pﬂcéo@*d%@akolgﬁeOﬁréM@lﬂrﬂiétntcibﬁcHhérégéuﬂs;tso%\éer suppl y

potential to control amplifiers 234 and driving t control el ectrodes
of these PMBSIF&NdESt srSEDROLio hafifetor REtf af f seH@ ibacdkmradeTerdcuit s

povered of f paftwst.hak, swhandt be daidsahad raheréaﬁeofcf rapd“tthé s powered off
the selector circuit 232 congects t he c;ridtentl al at_the, source electrode of

PMOS- t r ansi StSOF PB8UEE08 SBALTRIPRITRTIES 614t AF sl%ﬁvcé@q dds8fofhe3s.
As nenti oneddkotegeNVBStt nan}si@im@cardemeaesaéwe& Yfoupleedongkgss the

PMOS-t r ansi stpr i e se ctor switching circuits 198, 202, 216 and
218 to enl arge tt%ﬁelggtogr af'’’ Vmeﬁtsr@%gc a&fsltsﬁé?sé 5‘8:%? ?ﬁfgclrnort &Fit chi ng
circuits V\hesrenurm@nﬁaicltsaf evinteid@ce rauicsi E1Es mﬂverm .onn thAkso, as

i naicat ed by 1 us dycFhgs ddsens 12 the di Lgren hackuarg feed paths in

the failsafe mtg)\é%ace circurt are cut of ferent p S|t|ons e.g.
t he seni condifdtmemnad®i-t Ehlng ERE RHERITIIBraATaRe22 @} arte 2$dniagenduct or

swi tching Cidfitectedl®0aBdcR18ther via the common signal lines
connected to the input terminals 206 and 208 and the output

circuit 184. Therefore, a preferred way to prevent any
backward feed phenomenon in the interface circuit is to use
the circuits accorxding to the invention at the
semiconductor switching circuils 216 and 218 since with
this approach each input terminal 206 and 208 of the output
circuit is completely separated from the output terminal
196.

In particular, with respect to the embodiment shown in Fig.
12 this has no impact on the bandwidth of the failsafe
interface circuit since the selector circuit 232 does not
lie in the signal line feeding the control electrodes of
the PMOS-transistors 222, 224 in the semiconductor

switching circuits 216 and 218.

Further, this embodiment has the advantage that the
PMOS-transistor 230 is only activated during the powered
off state and when the output potential at the output
ferminal 186 is raised. Otherwise, this PMOS-transistor 230

will disconnect the resistor 220 from the internal supply
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24 According to the present invention there exists no particul ar
restriction where to cut off such backward feed paths. It should be noted
that the ‘cut vebbsmbest he sem conductor switching circuits 212-9fpdAB-@nd 202
has the advantage that no hi ghspeed demands exist for the control of the
PMOS- and NMOS-transistors conprised in phese sem conductor sw tching
circuits 212, 198, 202. In this case precautions nust be taken to avoid
that output termnals, e.g., the output termnals 200 and 204 are connected

to each other via the comon signal |ines connected to the input termnals
206 and 208 &Rdet he BUPPHt URRIEATEIYOROWEReR & §FRA L LP i Ersed thad t o

prevent any hagkeand hesdophenonmaqn irestbeahbéesdnce circuit is to use the
circuits according to the invention at the sem conductor switching circuils
216 and 218 since with this approach each input term nal 206 and 208 of the
out put circuistiild conphetel yhseparidtiedat r sal & deoout pude ittersienall 10w 96. I'n

particul ar, w.t t di t_shown in Fig 12 this has no
i npact on th\é%b Hé\?mggﬁﬁéo#% h%%Tlgslgpgafng?Hfér?%wgteﬁeci“rblco% ttrépﬁ&ﬁis:?ﬁe
sel ector cirégdit c282edbisg ndie lingernallhposegnappl ned eddi agpt heyooqt r ol

el ectrodes ofcigg%%/-[@gg lr:ﬁlt?iz%tsord%r%%%’ ﬁﬁé%%e{ghigzlergtgggd%t ?}I_’) swi tching

circuits 216 an _ . her, this~e n thé "advantage that the
PMOS-t r ansi sPOEPR80CEECehty activated during the powered off state and
when the output potential at the output termnal 196 is raised. O herw se,

this PMOS-transistor 230 will disconnect the resistor 220 fromthe internal
suppl y Thus, the control electrodes of the PMOS-transistors 222,

224 follow the raised output signals during powered off
states under a2l)! circumstances so that these PMOS-
transistors 222, 224 are turned off to avoid any potential
backward feed current or any latchup phenomenon in the

failsafe interface circuit.

Fig. 13 shows a detailed circuit diagram of the output
circuit 194. A first maximum generating circuit 240 derives
the maximum of the potential on the signal line connecting
the PMOS-transistor 230 and the resistor 220 and the
potential at the control electrocde of the PMOS~transistor
230. This maximum potential is used to bias the insulating
regions of the PMOS-transistor 238 and all PMOS-transistors
230, 242, 244 comprised in the control circuits 234, 236
driving the control electrodes of the PMOS-transistors 222,

224 in the semiconductor switching circuits 216 and 218.

In addition, there is provided a second maximum generating
circuit 246 that derives the maximum potential at the input
terminals 206 and 208 of the output circuit 184 and the
output terminal 196 thereof. This maximum potential is used
to bias insulating regions of the PMOS-transistors 222, 224

in the semiconductor switching circuits 216 and 218. To
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25 node to avoi d unnecessary power dissipation in case this resistor has
only a small resistance val ue. Still further, the additional selector
circuit 232 whlogwet O guarantee the failsafe feature of th _;,,§3r7 nsi st or
238 connecting the internal power supply to the anplifying circuits 234 and
236 during the powered on state of the aétput circuit. Thus, the control
el ectrodes of the PMOS-transistors 222, 224 follow the raised output
signals during powered off states under all circunstances so that these

PMOS- trans%g%%rgnggggtgﬁétag ltﬁgd§g¥f§%%i%%ogvg%?%aqﬁupotentLal backwar d

feed current "or any chup phenonenon i n e afe | e AE8%ciPeuit .
Fig. 13 showheacdatapledicrutus$ t23 ,agd3modf thhee ORN@At minsdsitbrs94. A first

maxi num generat i cLrguict ; 24 |V X t at ent | on the
si gnal Iine%ggﬁnggﬁihﬁgtEéléﬁgggﬁ?g%gﬁgﬁggtggé g%%Lﬁﬁﬁcggggffgrhg§%~and t he
potential attreReiESATEOR 48 e€?? Rlee dfiechéoPyos nd apmtisgitde1230. Thi s maxi num
potential is used to bias the insulating regions of the PMOS-transistor 238
and all PMOS-transistors 230, 242, 244 conprised in the control circuits
234, 236 dr AHIngPPHE EORRRLF BT €Cts STyl FRBREPNESIG di§iudtsr §ap2e 224 in

the sem condugimes ayi tahbng €ingld taxAiRragdndtSting Idireddict bap, there is
provi ded a sgcond. maxi,num generating circuit 246 that derives the maxi mum
pot enti al aplﬁﬁélpg389n¥8r%fhaﬁ%wﬁngbﬁﬁo§08r6?s{ﬁ%nﬁhtEBWQHFFCUFF 194 and
t he out put tsetwes naksti96eshet eds .belu s @i MUNs god edd alhel sousedetogbi as
i nsul ati ng regi ons_of th %%B—t sistqQrs 22 224 i.n the.sem conduct or
: . h d . 157 i
Swi t chi ng cFF%&FF%agfekgng 8.l€€% eﬁi 1rsaiag¢ng regions §ince %he
higher the potentiesl of the insulating regions is in
comparison to the drain and source electrodes of the
PMCS-transistors the weaker the PMOS-transistors are due to
an increased threshold voltage. Therefore, when the output
circuit works far below the supply potential it is

beneficial to let the insulating regions follow this lower

potential level.

Another embodiment being related to the prevention c¢f
failures in interﬁace circuits due to noise and ripples is
shown in Fig. 14. To overxcome this problem, it is necessary
to achieve an enhanced decoupling of the potentials at the
input terminals 206 and 208 of the output circuit 194, in
particular when the decouplings are situated off chip after
the output buffers. Here decoupling means a filtering

process for the signals being transferred by the interface

circuit.

One approach to overcome the problem with power Zed noise
is to cut the internal supply connections from the previous
circuit to the input terminals 206, 208 of the output
circuit 194 and carry out the decoupling or filtering

separately from the interface circuit. One option is to
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26 ~ also ensure that all NMOS-transistors 248, 250 conprised in the
control circuits 234, 236 of these PMOS-transistors 222, 224 are failsafe
the insul'ati ng ssagesdns of these NMOS- transistors 248, 250 g&grpdsRshol O

ground potential . Al'l input signals to the maxi num generating circuits
can be summed up in one single maxi num generating circuit and distributed
to all involved PMOS-transi stors. However, in sone instances it is

beneficial to separate the considered potentials for the different
insul ating regions since the higher the potential of the insulating regions
is in conpar PEBACY ot PACPHF H N Sarkd L§8LE caned| Bk rigdedngt SHBPPXIOS-transi stors

the weaker tpenRMOBibRaANSHteAtBePECOt 6nah diHgi1Rasadehreshol d vol t age.

Therefore, when the output circuyit works far bel ow the supply potential it
is beneficiaFlfﬁuFEta?%et?hEﬁFﬁﬁ#ﬁjeréBF%ﬁ%afcﬂqgﬂkﬁI%1§9FOQE¥ B entii al
level .  Anoiheecesbedi eerduiteiongor ehat edpé@:d heeyneventhénppinfad ures in

interface circuits, due to noise.and ripples js shown in Fig, 14. To

over cone t hi SIBFBngWFaf$ ]iesveﬁre§85§8ir§8t %UECW%\FEECz?HpéﬁH%g’th%pI i ng of
t he potenti afsrathéheoispuend erippial so2péneamtcs 268 thfe shppbiggut circuit
194, in part#&ygg;igpgn the decouplings are situated off chip after the

out put buffefs. Here decoupling neans a filtering process for the signals
being transferred by the interface circuit. One approach to overcone the

ngererenviWi)L MR POYET cAE AR AR iy ACUbpbDFed PARIAA22UPRLY SQINEGEdPNS Trom
back onto the integrated circuit. This embodiment of the
invention requires at least one additional pin to get onto
the capsule level or the printed circuit board level and
then back onto the integrated circuit with essentially
noise free potertials on the supply lines to the input

terminals 20€, 208 of the output circuit 19%4.

As outlined above the number of output circuit is not
restricted to one but can also be greater than one. In this
case not only care has to be taken with respect to noise
and ripple components but alsc with respect to the strict
separation of the different output circuits from each otherx
so as to avecid any interaction between the different ocutput

circuits.

This separation function requires a special arrangement
shown in Figs. 14 tc 16. The major difference to the
embodiments outlined above is that during power off when it
is desirable to have the outputs freely floating they are
completely independent from the supply lines to the input
terminals 206, 208 so that even these supply lines can

freely floating during power off.



circuit to the input termnals 206, 208 of the output circuit 194 and carry
out the decoupling or filtering separately fromthe interface circuit. One
option is to WO 98/ 02965

PCT/ EP97/ 03%0@8102965 27 enbody $diGekeihPuS
circuit and the internal supply connections connected thereto on a single
integrated circuit and to |l ead these inkgrnal. supply lines off the
integrated circuit onto the capsule level or the printed circuit board

| evel to carry out the decoupling/filtering for the noise and ripple
conponents in the supplied potentials.  After the decoupling the supplied
potential s éFelég%P9V£eﬂiﬁﬁék dAr otPhBSPhEBYriEt et % i&H t. Thi's enbodi nent

of the inveatkesnheeitiseSeviiry easpudne: agdit i pnabrdiitidowdeh gnto the
capsule level or the printed circuit boaég | evel and then back onto the
i nt egrat ed EFWéﬁ?Tdﬁﬁ{#F i*50| PEABP e~ rek YhiEntins L1868ttt he supply
lines to theekmpuiltes doralexrt2@6t02@Beofit e Mpyutt etimiedilt 26840 As

outlined abgye the nunber of tput. circuit,_is not restricted to one but
can al so begﬁ?eﬁ?g?u?rﬁﬁFQﬁﬁg.q At AR kéﬁgé HT oiHQ dnggmﬁgé?tbsbe t aken
W th respectohpenbedetanthe iopipetcorpoieal sl Hatofalthe wiutthbutespechit o t he

strict sepaighi of Pl g, diddeehenhaolt pul cisgui e dram gach. gther, so as to
avoi d any inferaction between the di eFent output circuits ~> TH'S
separati on EaABLR®hS rERRIRESTE 1gpEchEl the r irigeerargmewn and Fhgs. 14 to 16.

The maj or dpfitghencerdmhdne erbedbgephe outlined aROYGiigukhat during power
off when it is desirable to have the outputs freely floating they are

conpl et el y PABBRERAELNENSFERN thfe SYBPPLG A FRethe ot tHE dtHpGt regiannaf s 206,
208 so that rg¥egehhesSE st Buliiteasnganebneed v2 fdratding dur bAg poyer of f.

terminal of a further maximum generating circuit that in
addition receives the potential on the power supply line of
the output circult. The output potential of the maximum
generating circuit 256 is supplied to a selector circuit
258 which is connected to the control electrode of an NMOS-
transistor 260. The first electrode cf the NMOS-transistor
260 is connected to the input terminal 262 of a driving
circuit 264, 266 driving the semiconductor switching means
252. Further, the second electrode of the NMOS-transistor
is connected to the second supply line of the output

circuit, i.e. to ground.

As is shown in Fig. 14, there is further provided a PMOS-
transistor 268 of which the control electrode is connected
to the power supply line of the cutput circuit 194, the
first electrode is connected to the output of the maximum
generating circuit 256 and the second electrode is
connected to the output terminal 270 of the driving circuit
264, 266. The output of the selector circuit 258 is also
connected to a control electrode of a PMOS-transistor 272
of which the first terminal is connected to the power

supply line of the output circuit 194 and the second
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28 ~As is shown in Fig. 14, to achieve this strict disconnection every
output circuit is provided with a sem conductor sw tching neans 252 of

whi ch the firwbokeresnal is connected to the first input terpgayasdongsHee of
the output circuit 194. Further, the secgﬂp termnal is connected to the
output termnal 196 of the output circuit®”194. A nmaxi mum generating circuit
254 receives at its input termnals the potentials at the input term nal
and the output termnal of the output circuit. The maxi num potenti al

t hereof is suppimiedlt dst bennastibdtingthediigstoftetrhéngeneLondddissr swit chi ng

nmeans 252 and .3 g E%ro@%4'mpuﬁn%%%ﬂ%@%g{Qﬁi%u1¥r5@@r i mum gener ati ng

circuit that in addition receive ential on the power supply |ine of
the output circuit. The output potential of the maxi mum generating circuit

256 i's suppl 'Aesd omlan%él 26b9E Ctﬂ&%ir&ﬁf& \@*mo% uﬁ pegnecs eadcﬁl%vte@e control

el ectrode of NVOS- transi st or first electrode o
NMOS- tran3|sﬁ@#lzﬁod#§céﬁﬁﬁéé%%ﬂ Q% E#ﬁa4+ﬁﬁﬂ?epérﬁiﬁ%$lzﬂﬁPQﬁ %ﬁ dhievi ng

circuit 264, 266, icMirdaithessent Conduet aiheS WakeRLAJg ERaNS: i4R2 ciftiRer .
the second el ectrode of the NMOS-transistor i s connected toaéﬁe secénd

supply |ine @°% RErdyeSultnei PRGIPUM jPRLeRtg adr Ghndhe PRReY SWh LiReFi g.

1|4 the(rje i s dominteReedprovicdeds axr FMEptr am&mﬁhan 268haid Whiechadtﬁb@tcont r ol

el ectrode i s connecte wer, sup e out circuit 194,
the first el &Crodél ggéoﬁhéﬁ?eﬁst%P?W1J% ﬁﬁt ﬁ lﬁ d€nerating
circuit 256 anrgitdne cfectrdseréconadaetdrs :&omttexahedmt:@m hEBZJL&quﬁutLammdnal
270 of the dr|V|ng circuit 264, 266. The output of the selector circuit 258
is also connekieﬁ to a control electrode of a PMOS-transi stor 272 of which
the first termnal is connected to the power supply |ine of the output

circuit 194 %WQt%QQ,S%%%nQenerated maximum potential is also compared

to the potential on the power supply line in the maximum
generating circuit 256 so as to achieve the maximum
potential in the output circuit. This overall maximum
potential is then fed back via a selector circuit 258 tc a
control electrode of an NMOS-transistor 260. Therefore,
during power off this NMOS-transistor 260 will be turned on
so as to connect the input terminal 262 of the driving
circuit 264, 266 tc the second supply potential, i.e. to

ground.

Still further, during power off the potential at the
control electrode of the PMOS-transistor 268 is lower than
the maximum potential applied to the first terminal thereof
so that this PMOS-transistor 268 serves to tie the cutput
terminal 270 of the driving circuit 264, 26€ to the maximum
potential in the output circuit 194. Therefore, the
semiconductor switching means 252 is safely turned off to
always achieve a perfect disconnection between the line
connected to the input terminal 206 and the line connected

to the output terminal 196 during power off of the output
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29  terminal is connected to the first termnal of a PMOS- transistor 264
in the driving circuit 264, 266. As outlined above, the circuit shown in
Fig. 14 achi trict disconnection of the different sign lines in

t he out put c‘ie‘\rbgﬁ?zt%iw. Firstly, the maxi mum generating ci r%ﬁ%”ﬁ%ﬂooderi ves
t he maxi num potential at the power supplyoline connected to the first input
termi nal 206 and the output term nal 196 which is then used to bias the

i nsul ating region of the sem conductor sw tching neans 252 as outlined
above. Further, the generated nmaxi mum potential is also conpared to the
potenti al onciheupoweln Ads3Itiohi néhenPYO%- et susmogeA@Ratl hgwei teuit 256 so
as to achievg; B ti [ I Ui This_overall

maxi num pot eﬁ%%%ﬁni S thrEéH,nE %gtéggaggbslig %ﬂgee?fégzol?rg%h%i ?ggﬂn%é@i B cont r ol
el ectrode of2@af NMB-4Emg Poyer2ebf qhekhd ortpuduciingupbwer of f this
NMOS-transi stor 260 will be turned on so as to connect the input term nal

262 of the drjving circuit 264, 266 to the second supply potential, i.e. to
ground. Sti+9- fin tHAWS quMeRy T psRer™ordineld FGCentras ke Fhe- cbhtrol

el ectrode ofwihhen RMOSdaansl 300k B6Shisul PVRItdUtarithei FaXTHRMR pog ent i al
applied to the fjc'i%% a’{)e m nal thereof so that this PMOS-transistor 268
t

serves to tiRFhE unther RERLS9RAGFEShe W FitRG BRPREI £ /264, 266 to
t he maxi mum poteedtiead to tihee seabpdt ispuecUidrnliGdl Toer efotke dleput

ert oct i sCBhhent o Rbrupen e heor Ehar b e %P atiha PhRGhTY T nal 206
and the |i nedevhnwerd ddha grapieupuprptient Bxhiatalthige idepk nye powesrl ofd8 of t he
out put and the output terminal 196 of the output circuit. This
maximum potential is fed back to the insulating regiens of
the semiconductor switching means 274 and also supplied to
a maximum generating circuit 278 that receives the output
' potential of the maximum generating circuit 254. The
maximum potential of the received input potentials is

supplied to the maximum generating circuit 256.

In addition to the circuit elements described with respect
to Fig. 14 there is provided an additional NMOS-transistor
280 connected to an input terminal 282 of a driving circuit
284, 286 driving the semiconductor switching means 274,
BRlso, a PMOS—-transistor 288 is connected with its first
electrode to the output terminal 290 of the driving circuit
28B4, 286 and with its second electrode to the output of the
maximum generating circuit 256. The control electrode of
the PMOS-transistor 288 is connected to the first supply
line, i.e. the same potential as the control electrode of
the PMOS~transistor 268. A PMOS-transistor 292 is connected
with its first electrode to the power supply line of the
output circuit, with its second electrode to the first

electrode of a PMOS~transistor 284 of the driving circuit
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30 circuit. In addition, the PMOS-transistor 272 allows to di sconnect
the power supply line fromthe driving circuit 264, 266 during power off of
the output ciwowsmss Fig. 15 shows a nodified enbodi ment acqiEbofes7dP Fi 9.
14 which is adapted to a push-pull output circuit. There is provided a
further sem conductor switching neans 278Ilconnected to the second i nput
term nal 208 of the output circuit, and an additional naxi mum generating
circuit 276 deriving the maxi mum potential at this input term nal 208 and

the output tesggn 96 f Wihg © Wt [ Xi ntial is
fed back to thgeq i ?ssu%a?lir%g v.\’ﬁlegi_ oﬁ;ép%gfn%hc{al ;génﬁcgyr%géc?gr kggmn%lgﬁéﬁtg c?‘falans 274
and al so supptiediedaratinGhigetefating circuit 278 that receives the

out put potential of the maxi mum generating circuit 254. The nmaxi num
potential of the {ecei.ved i,nBut;potentj als is supplied to the maxi num
generating cirittitunsEgonalifyagf thef ixFuifte shiorauie Eieneht soaismlilyed

Wi th respect d¢dxddgpontd thetei sufdtomdiad t3n eagdiathanal i NYOSs {gansigt or 280
connect ed toJan inlgut Oterrri @al 282 of a driving circuit 284, 286 driving
the seni conddct®r sWi ¢hPAGEHERANE Z2RPOIAANGS 4SPVPG- FIANST Rt U g iing
connect ed w tdf itttee fingsit ¢kesiralbe 2642t l8200tpbttheani Mahg 290 Afi tshe

driving circuit, 2 | its ond .el ode to. the output of the
maxi num genetﬂa%zll 'ngfecﬁl r%g% ?@g%ﬁ#hﬂe‘: Cgorflot%r%éjl q’é egﬁ)gdg’ St Heers 2e0
PMOS- t r ansi stagrd 288 idir¢ognpeved aff +t el sfo,r st sbppbynei nape itlee duusane

potential as e GoNts ghoel eepr fod R BEMES,LLARSES 68., A
PMOS-transi stor 292 is connecte vvit?_lhe Its fi rst e?’gct r%((gj){ee%tolat%elnptg\;\}?r
supply |ine ofuliie Gutslt tci e UPHOS Vit silisg ogec8ha: eP BBt sodes tie the first
el ectrode of s MRMSGuaasEsE0s B8hdd dfte s@hit¥i BY EhECHihiconductor
switching circuits 252 and 274. Therefore, both the signal
lines connected to the input terminals 206 and 208 of the
output circuit and zlso the output lines are strictly
disconnected which allows for an independent free floating

of these lines during power off.

While according tc Fig. 15 the insulating regions for the
different PMOS-transistors are separated they can as well
be supplied in a common mode, as is shown in Fig. 16,
Further, the maximum generating circuit Z54 may be
substituted by resistors in case the potential cifference
at the input terminal 206, 208 of the differential output

circuits is small, e.g., smaller than 2 x Vvd.

Fig. 17 shows an output circuit of the differential type.
This output circuit comprises two output terminals 298 ang
302 and two feedback resistors being connected such that
the mean value of the output potentials created by the
feedback resistors gives the potential to bias the
insulating regions of PMOS-transistors 294, 300, 304 and

308 in the output circuit of the differential type.
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31 284, 286, and with its control electrode to the output of the
selector circuit 258. The functionality cf the circuit shown in Fig. 15
basical ly cowbaspaagss to the functionality explained with respect to Fig.
14. O particular inportance is the sinultaneous tying of t¥/FEipeireo
termnals 262, 282 of both driving ci rc%its 264, 266 and 264, 286 to ground
via NMOS-transi stors 260 and 280 during Power off. Also, at the sane tine
the output termnals 270, 290 are tied to the maxi num potential in the
output circuit via PMOS-transistors 268, 288 so as to safely guarantee a
turned off state of the sem conductor switching circuits 252 and 274.

Therefore, kath i | ki onnect ed the input termnals 206 and
205 of the GaEpetBEeEant s et ST s RebEiteat Al yRo’
di sconnect ed%heeR &PBows FBEh athd hddperndenoutpee féoatriaig ofost hage |ines

during powesoof bf thVBi betaeeor NG ¢ & 9 thg i J,ating regions for
the different PMOS-transi stéors are separnat gé%?ﬁeygcél?%s‘ \ﬁ’/efﬁ be supplied
in a commonSAEBELIRE Virefohnr i ity ansaispaenhef , didvet adaxdatam gener ati ng

circuit 254amayrhengubst ktyhesiky do%ﬁﬂ'ez%gr §]§E?%Cé‘gf$éf%ﬂ%tlerti a't t
(0] e | erentl al outpu

di fference at thﬁil np tkternH]al 206, of (

circuits is 3FBPEITE. g XesAbttRrettidgd Pogivdve epiyten Toumdws dmgoat put

circuit of DRBCHIflLewendlabge yqef fchfunt iUt pungl {16¢i IVIORRIG $89uh¥e40Ut put

termnals 2 a a f.eedback resistqrs being connected such that
BRI b g R TR AR

the nmean value o at pu %o‘tle i "the feedback resistors
gives the potential to bias the insulating regions of PMOS-transistors 294,

300, 304 a”?hé?éf59e¥h§c8&¥£&ﬂg‘%d“%ﬁéii%Eek@?OQi{ﬁé¥é”¥€ %Eo% gd a
failsafe interface circuit for providing differential
signals while keeping differential veltages across pairs of
signal wires low without any adverse effect on the guality
of data transmission. Since this differential signaling
approach leads only tc a low power dissipation per unit
area an integration into a single CMOS-circuit is possible
in case precautions according to the inventicn are taken to
avoid any backward feed phenomenon or latchup phenomenon in

the integrated interface circuit.

Another advantage of the output circuit of the differential
type shown in Fig. 17 is that the voltage across the output
terminals 298 and 302 may float with respect to the voltage
across the input terminals of the power supply circuit
shown in Fig. 11. This means that a voltage across the
input terminals of the power supply circuit and the output
terminals 298 and 302 will not lead to a current flowing
from the respective input terminals to the respective

output terminals.

Therefore, the operation of the power supply circuit

connected by the inventive failsafe interface circuit to
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32 The connection of the different PMOS-transistors 294, 300, 304 and
308 is such that the two output termnals 298 and 302 of this output
circuit can maimiessso a pair of signaling wires for the trapsfssjesdo Of
digital data according to signaling concepts using differential signaling
like differential positive emtter coupl®®l |ogic DPECL, |ow voltage
differential signaling LVDS and grounded | ow voltage differential signaling
GLVDS. Therefore, according to the invention there is provided a failsafe
interface cigUi buehQf PIAMI:di g dhtf gl endials shongls whi Eﬁlk epi ng
differential voltages across pairs of signal wresTow w thout any adverse
ef fect on t héngarpPe§nbf XM &her arBhisstban o mekht iod tdgeser Bnts Al

signaling appreagh: i@@f’é ﬁméchtaeeachp&p@wcofydi%'gp%' PRePEhyURLI AT €a an
i ntegration |nto a single CMOS-circuit is possiblé in case precautions

accor di ng t o®PpR! ?ﬁv@h%ﬁb‘i?"&r“élf’&k@ﬁ Wt RiVoi S SR ShACKWAPTL P EREN P Hemonrenon

or latchup phereseantiin digaintiagr abedepty erface circuit. Anot her
advantage of the output circuit of the differential type shown in Fig. 17
is that the voltage across the output termnals 298 and 302 may float with

respect to thﬁlyeliagecﬁmm&s hheei bpert &gy vaimalas wakht h@sp@&\@rt@Upp' y

circuit sho that a.v Itage across the. in

term nal s o:‘/\@%&hg go SrlSsLuoprsl ymgrggﬁﬁ?tl%nld“s[ d&?pﬁf’gw?f’n ettt aasnd 302
wi Il not | eall-velkscurheninvieindwpngalsompidila esespecbsee topl:lésxbtﬁ’fdﬁlrn;al s to
the respectiyg QHEMaéeSJ @fn%hé N-t JPET Sl P i nlgh§ nQB?EA {f‘ace %1(')[nhse power

supply circuit connect e |nVEnt|ve faiTsafe I'n ITcuit to
realized as P- wells Here, care is taken about the

NMOS-transisters in the same way as explained above with
respect to PMOS-transistors. Nc particular care has to be
taken with respect to PMOS-transistors. As outlined above,
the substrate will be connected to the most positive

pctential in case the interface circuit is powered cff.

Of course both approaches relating to a substrate of the P-
type ard a substrate of the N-type may be combined for twin
well processes and lightly doped substrates of the P-type
which may be treated in the same way as the substrate of

the P-type having insulating regions realized as N-wells.
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33 the output circuit of the differential type is fully independent
fromthe application of such voltages. Thus, the failsafe interface circuit
accordi ng t evgdameeBventi on enabl es the prevention of out puf’cﬁhgg%% not
conformng to differential signalling concepts. Wil e all "circu have
been expl ai ned W th respect to PMOS-transgistors enbedded in insul atl ng

regi ons r IIs the invention also applies to cases
correspo 'E es of the N-type and ¢ gi ons
realized care is taken about {tThéS MBET tH&nBEME prs in the

same way as epr ai ned above with respect to PMPS-trappgpigirens. Nojparticul ar
care has to be taken with respect to PMOS-tranststors—As—outti-ned above,
the substrate will be connected to the nost positive potential in case the
interface circuit is powered off. O course both approaches relating to a
substrate of the P- type and a substrate of the N-type nmay be conbi ned for
twin well processes and lightly doped substrates of the P-type which may be
treated in the sane way as the substrate of the P-type having insul ating

regions realized as N-wells. Tel ef onakt i ebol aget
71108 g/ q9/fr L MEricsson (publ) PCT/EP97/ 03700

June 12, 1998 I £ : . New Cl ai s

xCc L M . nterface circuit, comprising:

- at least one semiconductor switching means (1)
having a first link terminal (2), a second link

terminal (4), and a control terminal (6),

- said first link terminal (2) being ccnnected to a

first circuit means (8),

~ said second link terminal (4) being connected to =&

second circuit means (10}, anc

- said semiconductor switching means (1} being
adapted to connect said first circuilt means (8) to
said second circuit means (10) when a2 potential
difference between said control terminal (6) and
one of said first link terminal (2) and said
second link terminal (4) exceeds a predetermined

threshold value, and

- conduction prevention means (12, 14; 38, 28)
adapted to apply the maximum potential of said
first link terminal (2) and said secoﬁd link
terminal (4) to said control terminal (&) in case

said interface circuit is powered off.
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1. Interface circuit, conprising: at | east one sem conduct or

swi tchi ng neans (44; 68) having a first link termnal (54; 64), a
second link terminal (56; 66), and a control termnal (52;

72), wOo9s2d68 first link termnal (54; 64) being cermestesioo

to a first circuit neans (48; 80) said second |ink term nal

(56; 66) being conn a s&®on ne..citcu-t—neans-£50; 82), and
sai d sem -conduct or M’ miwﬁﬁ! E44, 68)f THIBI $HFET HAS BEEN ddapted to
connect said first 8@,)}10 igai d second circuit
means (50; 82) when a potent| al di fferencebetween—said control

term nal n e d dJ st I|n te
64) and sai d? second i LZ% é:?r#ugie ?géoag%?g exteede™ 1.0 ehiLd tay ebé“eztféit erm ned

threshol d val ue, ®andthat said conflattuee prewaritioon meeans ({50,1468; 70, 76,
78) adap&&%}g%@sopl y the maxi num potential of said first
link termnal (54; 64) and said second |innk termnal (56, 66) to
said control termnal (52; 72) in case said interface circuit is

powered of f, [err] a first maximum generatin meanéNENpEnggggg to 12
JUN 1998 3

* C L M S * output Ehe MR PofeetdAti B PeatrastGaigs; 70, 76,
78) first link terminal (2) and saicd second link

terminali (4), and

- a first selector means (14) connected to said
maximum generating means (10) and being adapted to
select the output thereof as potential supplied to
said control terminal (6) in case said interface

circuit is powered cff.

3. Interface circuit according to claim 1, characterized
in that said conduction prevention means (38, 28}

comprises:

- a second maximum generating means (38) adapted to
output the maximum potential of said first link
terminal (40) and said second link terminal (42},

and

- a second selector means (28) connected to said
second maximum generating means (38) and being
adapted to select the output thereof as power
supply potential of a control amplifier (34)
feeding said control terminal (30) in case said

interface circuit is powered off.
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conpri ses; a first naxinun1g nmeans (58; 70) adapted
to out put the nmaxi mum potential of said fiﬁ'gg@ﬂ gl"lum] termnal (54;

64) and said second |ink term nal a first
sel ect or - meawe 9gofds connected to said second maX| ting
means (58, 70) and being adapted to sel ect the out puf&?ﬂ‘g’? of as
power supply potential of a control _anpolifier feedi ng

said control termnal (52; 72)in case said |7JHis SH;;CWWI!QS fC@eq circuit is
power ed of f. 2. Interface circuit accor I ng ?g g E
characterized in that sai d sem con hL.ag_srreans (44,

68) of a first conductivity type (P), and said failure
Prevention fleansBoriage gircwig, F@pprising: s further adapted to apply
t he maxi num potenti al of said first link termnal (54; 64), said
second link termnal (56; 66) to said insulating region

(46: 74) in case sai Bl nt&aStaf8ecPRREFPNIUCRFNSHaGChing meanyf f44; 3,

Interface circuit accas)didry at Q&Eal Hbﬁductlmt}ﬁh%éc'f(ﬁﬁlKﬂlﬂnf' 4 hat

said failure prevention mea g onprises a second

sel ector means (78) c%lrﬁfetc éﬂ”’ SQrmlnal (S%i & 7 IastseﬁES%?n{lhﬁ"generatl ng

means (70) and bei ng terminal (56; 66), and a control teBminal (52; 72)
and being provided in an insulating region (46;

74) of a second conductivity type (N),

- said first link terminal (54; €4) being connected

to a first circuit means {(48; 80),

- said second link terminal (56; 66) being connected

to & second circuit means (5C; 82), and

- said semiconductor switching means (44; 68)
adapted to connect said first circuit means (48;
80) to said second circuit means (S0; B2) when a
potential difference between said control terminal
(52: 72) and one of said first link terminal (54;
64) and said second link terminal (56; 66) exceeds

a predetermined threshold wvalue, and

- failure preventicn means (60, 58; 70, 76, 78)
adapted to apply the maximum potential of said
first link terminal (54; 64) and said second link
terminal (56; 66) to said insulating region (46:;

74) in case said interface circuit is powered off.
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adapted to select the output thereof as potential supplied to said

control termnal (72) when said interface circuit is powered off.
4. Interface circuit according to one of the clains 1 to 3, [err]
sai d maxi numvgessedsi ng nmeans (12; 38; 58; 70) - CONpri Se®CT/EPYT/03700 a
first transistor switching neans (84; 94) of said first

conduct i vi ty ont r ol 37T —eleett onnected to
a fi rst |nput ﬂﬂ"‘”"i“mwmmm (90; 100) of SAHE BBsGInd gratl ng nmeans
(12; rst el ectrodej bei ngﬁ&%ﬁ&%ﬂ:t ed t

second |nput term naI (92 102) of said maxi num generatl ng means
(12, 38; 58; 70), 3.S ctrode being connected to an
out put term nal AL, ac€8§*r§‘8}t ?C%%%%%Pnﬁﬁ?b’@n‘é'r AP Theieed12; 38;
58; 70), and in thatasaedoﬁdllmﬁmspzsdmntimtmbaﬂg nE@NS7? 4,8678)96) of
said first conductjvity e_( avin Qnt rol el ectrade being
connected to said secon(ﬁmé{Ees B)‘e maxmg.] rm ﬁ’glla 9%f S.L?J’Z‘j of Saild Maxi mum
generating nmeans terminal ((M) 383 HBid Hk)conal ﬁnnkttehmtafbdﬁﬁjeltmg

connect ed (¥ [ co t e of d nsi st or

swi t chi ng neans (5&1%933%?1(35%% aggré%aﬁlccj (ekil%(j,!cto(E 32% S(I'Méonc%)l{&ng connect ed
to said first inpavitehingamnegny; (68) . 100) of said maxi mum generating
means (12; 38; 58; 70), where said output term nal (88;
98) of said maxi num generating neans (12; 38; 58; 70) is connected
to s&i d sIé’c,t@ﬁéaéleeéﬂFB‘él’et ACOHH NG et CLRHRs] st@raracterized

REDI PLAE' Vi ENT Sl tilgEthat said failure prevention means (58, 60) 12
JUN 1998J

comprises a third maximum generating means (58}
adapted to output the maximum potential of at least
said first link terminal ({(54) and said second link
terminal (56) and supply it to said insulating region

(46) .

-~}

Interface circuit according to claim 5, characterized
in that said failure prevention means (58, 60)

comprises:

- a fourth maximum generating means (58) adapted to
output the maximum potential of said first link
terminal (54) and said second link terminal (58),

and

- a third selector means connected to said maximum
generating means (58) and being adapted to select
the output thereof as power supply potential of a
control amplifier feeding said control terminal
(52) and as potential supplied to said insulating

region (46) when said interface circuit is powered

off.
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[err] lw wlll" MUH ng means (84; 94) and said first el ectrode
of said swi tchi ng neans (86; 96) 5. Interface circuit

according to cIa|m4 characterized in that said first
transi stor swebdgiibgag neans (94) and said second LERRSERERG

swi tching neans (96) are provided in insulating_regiLons adapted
to be biased to a potential aB8sai TCN‘.StB teTt enpi el ((98) of said
maxi mum generating means (12; 38; 58; 70) -wh sai PLA\bED nterface
circuit is powered off 6. Interface mrcnr ac Ag-te—el ai m 4,
characterized inthbalrace circddl QCgB§HEH§1 95NeRL 1 N9s MeNS, %?*138 58; 70)
further Conpri ses d transistor swtc ans
(104; 126) of in that sgaif fiaidureordaeenviey mygyes (P)0.mith a'zsaontrol

el ectrode being egppected: to said first input termnal (118) of
sai d maxi mum gener ati ng neans (12; 38; 58; 70), a first electrode
bei ng connect ed to said second input termnal (120) of the

maxi mum - genermtfithg mARaNSm (dnedt imB meds @0d ags EQ@dto
el ectrode connected to K| u%éent sour ce neans 2), and

a fourth transistor SH® en’éﬁﬁém‘(“ic%"t%a f at legSt satd first
conductivity type (P)fihasti ngné centiwal (64) and saliertseedadbeing connected
to said second input : rm nal 0), ,of said enerating
means (12; Sgmiggl '}8§? Rl %épe‘fec rSde B & r]iBsngg]ﬁg’&"Z ed

to said second el ect rogeoof (§4)d ahdrd transisttor.

- a fourth selector means (78) connected to said
maximum generating means (70) and being adapted to
select the output therecf as potential supplied to
said control terminal (72) when said interface

circuit is powered off.

9. Interface circuit according to claim 5, characterized
in that said failure prevention means (70, 76, 78)

comprises:

- 2 sixth maximum generating means adapted to output
the maximum potential of at least said first link
terminal (64) and said second link terminal (66)

and supply it to said insulating region (74), and

- a fifth selector means connected to said maximum
generating means and being adapted to select the
output thereof as power supply potential of a
control amplifier feeding said control terminzal

(72) when sald interface circuit is powered off.
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?ZEE%DeISSEFrrode Ler r]bei ng connei}tM-eE:ICPi()ngaingaP?rg'tloill;rlpﬂg!,)ujmmﬂﬂ ”Ilsl ” l!l’

(118) of said maxi num generating neans (12; 38; 58;

said first eMRWweks al so bei ng connected to said eutkPRio3eur Cce
means (112), a fifth transistor swi tching neans (108; 130) of

said first conductivity type (P) with a E%ntro,‘m SHEET Hf\fngﬁrode bei ng

connected to said current source nmegns %%A(ﬁr i'rst {el ectrode

bei ng connected to sai d second i nputi-ter b P20) Qf said

maxi mum 10. Debterfddagimeans @i2ordfig 58 o) orandeacsgcnad, 3,

el ectrode being c ected.to said.output term nal . . (122) of said
nmaxi num gener at i ngnpn%aén’s ?ﬁ?a% Figgd™in that saj ,eaﬁﬁdma"lé‘um a sixth
transi stor switchiememsbitsy (kGs 132;)38f 58; 70) cos@rdseftirst conductivity
type (P) having a control e ectrode being connected to said
current source means (112), a first electrode being connected to
sai d second el ectTode 2offiggitdtfpps hstamarssiiscbing means (& tehi g neans

(108; 130), and a sec@prdg %|i§§€r@é’x?ductivi_t%uﬁ?'gla”QPF%‘PﬁFtae%o%%(r%gi_ d first

i nput term nal (118) _ of said maxi enerating nmeans 38; 58;
'70). 7. InterfaceSdPFEGPEedReRUiGRPrEGteFalm &, first inghdracterized in
t hat sai d thirdtehauabh, (86f tiIh@NGSisxtR LERANRIR ¥ nerat ;W tChiNg

nmeans (104, 106, 108, 110; 126, 1_28S 130, _132% are provided in
i nsul ati ng regions addfe8d t'62he38’ S 49dd Bofirpbtetrdtaiodeabedapd out put
termnal (122) of connected to a second input terminal (82; 102) of

said maximum generating means (12; 38; 58; 70),
and a second electrode being connected to an
output terminal (8&; 98) of said maximum

generating means (12; 38; 58; 70), and

- a second transistor switching means (86; 96) of
sald first conductivity type (P) having a control
electrode kbeing connected to said second input
terminal {92; 102) of said maximum generating
means (12; 38; 58; 70), a first electrode being
connected to said second electrode of said first
transistor switching means (84; 94), and a second
electrode being connected to said first input
terminal (90; 100) of said maximum generating
means (12; 38; 58; 70), where

- said output terminal (88; 98) of said maximum
generating means (12; 38; 58; 70) is connected to
said second electrode of said first transistor
switching means (84; 94) and said first electrode
of said second transistor switching means (86;
96} .
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sai d maxi mum generating nmeans (12; 38; 58, 70) when Hl HI IHBHIHHI
circuit is powered off. 8. Interface circuit according t

claims 1 to J[err] 12 JUN 1998

6 C L MvoSsisegscharacterized in that sai d sel ector 28; 60;
76; 78) conpri ses: a first transistor sw tching neans %f&@’u%BZ) cf
sai d second conductivity type (N havingoa gent+of et-ectnode being
connected to a first power supply l'ine (ﬁ*ﬁﬁ)S,HEzETfMSstB‘EEm %ectrode bei ng
connected to a first input terminal (154) of RERAES ect off neans

(14; 28; 602176; 1f8Lce30d &ﬁ%ocn%c%'o%&hgd@obgmqn 10, cHaTALELed Ly an

out put ternlnal 6 sal d sel ect means, and 8°8&

transi stor sw t chPn§Patandiq 15g:st1 2epnefistor swighirfg mgﬁn@odﬁe¢tandty type

(P) having a contk@h secon®!@adeReispgreRINGChEMhd qo%di Ay first power

supply line (152), a first el ectrode being connected to said output
termnal (1-56) BFo¥ifgd in ingledise weghen$ 12domtEd g0, brebizgpd aad a
second el echr pdeeRel 1Y LONAGE %@tb@tatéﬁﬁm ¥Ryt o saihermnal (160)

of said selector neans (14; 28; 60; 76, 18), an eighth

transi stor switcRPRGTHBaFRIQURSRN FERnse (127 3845i%F i (10t wBERdSALRVi ty type
(P) having a continekrface @iwatirode, pawkiedtoet ectrode bei ng connected to
said first input termnal (154) of said selector means (14; 28; 60;
76; 78), and a second el ectrode bei ng connected to said output

term nal (13@&). ofinterface circuit according to claim 10, characterized

in that said maximum generating means (12; 38; 58; 70)

further comprises:

- a third transistor switching means (104; 126) of
sald first conductivity type (P) with a control
electrode being connected to said first input
*erminal (118) of said maximum generating means
(12; 38; 58; 70), a first electrode being
connected to said second input términal {120) of
the maximum generating means (12; 38; 58&; 70), and
a second electrode connected to a current source

means (112), and

- a fourth transistor switching means (106; 128) of
said first conductivity type (P) having a control
electrocde peing connected to said second input
terminal (120) of said maxXximum generating means
{12; 38; 58; 70), a first electrode being
connected to said second electrode of said third

This Sheet Has Been Replaced transistcr switching means (104; 126]), and a

second electrode being connected to said first

input terminal {118} of said maximum generating

means (12; 38; 58:; 70), said first electrode also



sai d sel ector neans (14; 28; 60; 76; 78), a ninth transistor

swi tching neans (164; 180) of said first conductivity type (P) having
a control el ectrode being connected to said first power suppl y
line (152), a™Pi%/M81%%| ectrode being connected to sai d mOvErewb37oo

el ectrode of said eighth
*C L M S+ transi stor switddi ng| THEVSHEABHASIEEN | and a

ﬂmﬂu.mmm TG Cser cctor means: (1a:  oalso—hGEDIRL 1 ey, and
a s€cofid trahsistor swbéthg ngnnnﬁmﬁd(t66sa184¢uﬂ&ént source f@kdssecond

conductivity type (N) h§¥épg a control el ectrode bei ng connect ed
to said first power supply line (152) , a first el ectrode being
connected to said control electrode of said eighth transi stor

Swltohi ng eans (162, 378 suAidRsS880005uyccning RS (35,9500 spnnect ed

to a second power supply I'nt ef ircuit
according to claim8, said figlsdr gondrrzedity tyes (P) witbamedceeveolh,

ei ghth and ninth transisiofr beh thconneEP@@Sté:% Qd.%arréﬁq)sgurég'd

first conductivity type (P) are’provid In an 1 nsulating regron,
respectively, and TBeRIpt ed 123 - bé 5F5§éde%%ﬁaﬁxék#éﬂﬁalF?ngeﬁé¢@tb@

bi as potential (VN) whenisaidtonat ehbaceteincsil i20) orPeWekeHax fffm  10.
Interface circuit according to claim$8 or 9
generating means (12; 38; 58; 70), and a second
electrode being connected to said output terminal
(122) of said maximum generating means (12; 38;

58; 70), and

- a sixth transistor switching means {110; 132) of
said first conductivity type (P) havihg a control
electrode being connected to said current source
means {(112), a first electrode being connected to
said second electrode of said fifth transistor
switching means (108; 130), and a second electrode
being connected to said first inpul terminal (118)

of said maximum generating means (12; 38; 58; 70).

13. Interface circuit according to claim 12, characterized
in that said third, fourth, fifth, and sixth
transistor switching means (104, 106, 108, 110; 126,
128, 130, 132) are provided in insulating regions
adapted to be biased to a potential at said output
terminal (122) of said maximum generating means (12;
38; 58; 70) when said interface circuit is powered

off.
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characterized in that said first and second transi st

nmeans (182, 184) of said second conductivity type (N) gmw lﬂﬂ“ﬂ%llll”“l
in an insulating region, respectively, and adapted to bé bi‘aséd !

potenti al of ’% gecond power supply line (186) when said int erface
circuit is powe 8%t f . 11. Interface circuit accordi ng tF&THEEEIOU he
preceding [err] g 2 JUN19O8- S

| | ~~~AMVENODED SHHET THIS SHEET HAS BEEN L 8 * C
L M S * ' characterized in that saiiaEPﬂ_il\Eiéﬂ circuit neans (8;
24; 48; 80) power upply neans (92) tet ppryimg power via said at
| east olrﬂe sémt@ér#@iq@t 6|“§W¥ciiﬁ¢ﬁfq"%@z§n§0( 993 oQotzr)e tad asaisd 2, 3,

second circuit ngars (910ch3§ac59n§e?a ‘in t%%t ehBheLf pES i rnFe%'nL aggordi ng
to one of the precedi ng cla characterized In aid
second circuit ne&ns 810'6267850‘30‘@51%985 an out put rreans (194) f or
driving a | oad. 13. Interface circuit according to claim12,

- a first transistor switching means {150; 182) of
said seccnd conductivity type (N) having a control
electrode being connected to a first power supply
line (152}, a first electrode being connected to a
first input terminal (154) of the selector means
(14; 28B; 60; 76; 78}, and a second electrode being
connected tc an output terminal (156) of said

selector means, and

- a seventh transistor switching means (156; 176) of
sald first conductivity type (P) having a control
electrode being connected to said first power
supply line (152), a first electrode being
connected to said output terminal (156) of said
selector means (14; 28; 60; 76, 78), and a second
electrode being ccnnected to & second input
terminal (160) c¢f said selector means (14; 28; 60;
76; 78),

- an eight transistor switching means (162; 178) of
said first conductivity type (P} having a control
electrode, a first electrode being connected to
said first input terminal (154) of said selector
means (14; 28; 60; 76; 78), and a second electrode
being connected to said output terminal (15€) of

sald selector means (l4; 28; 60; 76; 78),

- a ninth transistor switching means (164; 180) of

said first conductivity type (P} having a control
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characterized in that ply neans (192) and said output
nmeans (194) are coupl !I,Wm mmmu ’!ﬂa first sem conductor sw tching

nmeans (198) provi | ure prevention neans, said
first sem condo®sesesw t chi ng means (198) connecti %2.,)% dé&l _
output term nal (200) of said power supply nmeans (19 a first

| nput term nal (206) of sand out43ut fr 1 | -
second semi conductor sw tching neans (202) ﬁfé% ggf dgigz th said
failure prevention neans, said second semi donduch W't ching neans (202)
connecting a second ougpggt{,&ggnggailng( %Q,ﬁ},egiegaF 3%)]83 JTl,stIOOWEF supply

nmeans (192) and a second i nput term na saifd "Gt put neans
(194). supply line (152), a fjirst electrode being

P CL M ST 14 chaterf@radivaall boassl dh e dANG Ol e ghaL 11
to 13, chayacterized in_ that sai d power supp y feans
(192) further conprisesFansistor swuéhl’-éﬁc’[“%ﬁ%% hetivs Y(72100) aadapt ed to
tenporarily Sk@d&&cerﬁgd%tr@ﬂd being sonmestad ttoossaé.’:'dd sfe'cE?iE and
second output termnal, (2 204 nmeans
(192), andIo H(‘r% aﬁcﬁﬁgagn‘ggﬁa{dﬂ“‘fleﬂtﬁr B’éuaﬁg d¢bhnect ed

to said reactance mean%S(ZaGD) 7a3nd718e|, ngnadapted to

- a second transistor switching means (166; 184) of
said second conductivity type (N) having a control
electrode being connected to said first power
supply line (152), a first electrode being
connected to said control electrode cf said eighth
transistor switching means {162; 178), and a
second electrcde being connected to é second power
supply line (163; 186).

15. Interface circuit according to claim'14, characterized
in that said seventh, eight, and ninth transistor
switching means (176, 178, 180) of said first
concuctivity type (P) are provided in an insulating
region, respectively, and adapted to be biased to an
externally generated bias potential (VN) when said

interface circuit is powered off.

1l6. Interface circuit according to claim 14 or 15,
characterized in that said first and second transistor
switching means (182, 184) of said second conductivity
type (N) are provided in an insulating region,
respectively, and adapted to be biased to a potential
cf said second power supply line (186) when said

interface circuit is powered off.
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provi de a charging phase in which energy is suppli| m ' ﬂ
reactance neans (210) from a power source and a (MI mmu;'ﬂu m\mi“’l
during which at | east part of said energy stored i*n $ai H rtact artce

means (210) weheaihsygharged to said first and second out put
termnal (200, 204) of said power supply means (15‘2'3"?:"7%{5’9

Interface circuit according to claim 1444 | I n that
said charging switching neans (212, 214) co HiSs ?EJ HAS BHEENrid
sem conduct or switching nmeans (212) provided w t REPLAC&Ri d cdnducti on

prevention gﬁans OE said fajlure preventi on nmeans. t6—I nterface
circuit accdrdi ng"E8* 6A%E of LI HE A5 d4DIt b° °%%r4] the pgrsedénerized in
t hat claid®, Jthd®rterized in that said first circuit means

, 12 U 19 ) ) | * ., sald output neans 94) conpri ses:

a third sem condtﬁgf 0%4’sw‘|]%v’lchq%r?g lﬁegﬁgefzi%‘;"?g’éﬂeans ( ]2W £RTa first link
term nal, a secoadpblnkng eroveralvia saidaat hezontara seer@gbRalicasd
conprising a failyte y; fventdgan n esd to apply the maxi mum
potential of said ;’?(r:s%n irrﬁ%ter(rri nal Zggg é%?gdéaioé ecoéléjcgﬁ’dx}‘i"nk t er mi nal
to said control ®meapsnhlOink6: S50 Bade said interface circuit is powered
off or a failure prevention neans adapted to apply the maxi mum

potential of said first link tem nal and
18. Interface circuit according to one of the preceding

claims, characterized in that said second circuit
means (10; 26; 50; 82) is an output means (194) for

driving a load.

19. 1Interface circuit according to claim 18, characterized
in that sald power supply means (192} and said output

means (194) are coupled by

- a first semiconductor switching means {198)
provided with said conduction prevention means or
said failure prevention means, said first
semiconductor switching means (198) connecting a
first output terminal (200) of said power supply
means (192) and a first input terminal (206) of

said output means (194), and

- a second semiconductor switching means {(202)
provided with said conduction prevention means or
This Sheet Has Been Replaced said failure prevention means, said second

MM

semiconductor switching means {202) connecting a

second output terminal (204) of said power supply
means (192) and a second input terminal {(208) of

said output means (194).



sai d .second I“mw,fumgﬂ H Hn i nsul ating region of said fourth
sem conduct or swW (216; 222) in case said interface

circuit is powered off, anc a fourth sem conductor sw tching
means (218; 2®o)psm296s Wwith a first link termnal, a second 11(.11’?&917/8’{759 nal
and a control termnal and conprising a failure prevention nmeans
adapted to -apply the maxi num potentdal o [ e Emg b=t er m nal
and said second link termnal to said coni”?lgl gif"éérTnE%%\lgticﬁ case
said interface circuit is powered off or a f aiEFHECEY eventli on means
adaped to appjy. t o LAUMm p j.al of said first link term nal

and sa%dse(r:]%ntd ﬁfiaﬁl?n?gk%y%l Q%cg&éiﬁqungﬁl §F|en8]%r I3f griaims 175f0g,i d
fifth senm conduct or® siladrRickgr headstia1Said powe224ppply casmssaildoint er f ace
circuit is poweredkt Hther comprib&se said third sem conduct or

swi t chi ng neans (216; 222) and said fourth sem conductor sw tching
nmeans (218; 224) are connected to an output termnal (196) of

said output neans-and a tesstaritd naH@CRPHO| NPBpted to tcgfngibgghg;%, 208)
of said output neans, ‘ reslpecti vely, . s

-' "' " AVENDED SHEET Store energy and,pgiRgcePriecifid tacsaidi igrso atadi m

16, [err] a posentnalowtpusaitd rawhput (20 mMaval) 6¥98)ikLSpsyep! i ed
via a resistor neans (ggg%)zr}ge ansf gi Ig%e %r}ﬁ?venti on nmeans. to a control
terminal of said third e tohduct or ! tching neans (216) and said
fourth sem conduct or swi tching neans (218) during power off of said
interface circuit .

charging switching means (212, 214) being
connected to said reactance means (210) and being
adapted to provide a charging phase in which
energy is supplied to said reactance means (210)
from a power source and a discharging phase during
which at least part of said energy stﬁred in said
reactance means (210) is discharged to said first
and second output terminal (200, 204) of said

power supply means (192).

21. Interface circuit according to claim 20, characterized
in that said charging switching means (212, 214)
comprises a third semiconductor switching means (212)
provided with said conduction prevention means or said
failure prevention means.

22. Interface circuit according to one of the claims 18 to
21, characterized in that said output means (194) is
an interface circuit according to one of the claims 23

to 37.
This Sheet Has Been
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18. Interface circuit aecording to claim.l16, characterized in that it

further conprises: a tenth transistor switching neans (238) of
sai d . first conductivity type (P) adapted to supply a first
supply pot ejd sihozé yDD) to first driving circuit ne lg234 236)
driving said thlrg sem conductor sw tching nmeans ( E%? ogald

fourth sem conduct or switchi ng asans (218) when said out put
nmeans i s povvered F an el eventh transi stor sw tching nmeans
(230) of ”mmmﬂ m“"meCt'Vl ty typm,$ Fg’)HE%Fa_&[SeEFEP supply

said potential at*satd ‘out*puts term nal é '\JI out put means
via said resistor neans (220) as S DD|V BERAYEPal tolsaid first
driving cir@di.t Interfaceeainset(iZ34,coﬁi36)stxgSal d third sem conduct or

swi tching neans (216) and said fourth sem conduct or swi t chi ng neans
(218), respectively, when said out put nmeans is powered off. 19.
Interface circuit accortiuyrih sepaconfuttmr cvhitmhibg teans (218; 222)
characterized in that,; - 1 NL296; d third and
fourth seni conductor ‘Sw 1 cﬁhlflISt gjﬁép P 2f§C°§§2115’32§erc%erprﬁ se

p- channel MOSFETs of &Wé 2 vO“tFPﬂsf-eéWtaf\ﬁ topmpyaeipP) a cor@uct ivrer f ace

circuit according to glajdAtki®n means adapted to apply the maximum

potential of said first link terminal and said

second link terminal to said control terminal in
case said interface circuit is powered off or =
failure preventicn means adapted to apply the
maximum potential of said first link terminal and
said second link terminel to an insulating region
of said fcocurth semiconductor switching means (216;
222) in case said interface circuit is powered
off, and

- a fifth semiconductor switching means (218; 224)
with a first link terminal, a second link terminal
and & control terminal and comprising a conduction
prevention means adapted to apply the maximum
potential of said first link terminal and said
second link terminal to said control terminal in
case said interface circuit is powered off or a
failure prevention means adapted to apply the
maximum potential of said first link terminal and
said second link terminal to an insulating region
of said fifth semiconductor switching means (218;
224) in case said interface circuit is powered

off, where

- said fourth semiconductor switching means (216;

222) and said fifth semiconductor switching means

This Sheet Has Been Replaced
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characterized in that there is provi deﬂ EIﬁHﬂIH“"ﬁjUIﬁm generating
nmeans (240) adapted to bias insulating r tor

swi tching neans of said first conductivity type (P) | Said interface
circuit not evyrwoeed in said third and fourth sem con{j E: %tchl ng
means (216, 218) to a maxi mum potenti al of a supply poté and said
potential at said output termnal (196) of gaid output rreans. 21.

Interface circuit according to clai m 20, THISC BHEETCHAGI BREe | n t hat

there is provided a third maxi num generati n _meangepl ACER 246) jadapted to

bi as insul ating region s,l%f % p5| st or S said first
conductivity type (P) ?rg 88U FHTESTE hPr 87 Y R BurtaF™s@rilconduct or
switching neans (216, 2E8) b6 aandximusmfpekentirahiofand a Sairdtd APt a

termnals (206, 208) and sai gagﬂe,né%ﬁr*aqt (206 S@béi) out pUt g”‘trp(? gﬁggof the

of said interface circuit. ace“cifclit’ atcor

clains 12 to clrarguiér i zespéqtivedty .sai d out put rreans conpri ses:

a fifth sem conductor sw tching neans (252) having a first

term nal connected to a first input 13

termnal (208- of RIS S Céan3caprdayitiog cdaim 23, charawuonideder ni nal
connected to an ouf ptHatl & Pd@htial at said 6LBLcOteSAl S PUL YK, MRANS, and

supplied via a resistor means (220} and a conduction
prevention means or a failure prevention means to a
control terminal of said ifourth semiconductor
switching means {216) and said fifth semiconductor
switching means (218) during power off of said

interface circuit.

25. Interface circuit according to claim 23, characterized

in that it further comprises:

- a tenth transistor switching meaﬁs (238) of said
first conductivity type (P) adapted to supply a
first supply potential (VDD) to first driving
circuit means (234, 236) driving said fourth
semiconductor switching means (216) and said fifth
semiconductor switching means (218) when said

interface circuit is powered on, and

- gn eleventh transistor switching means (230} of

said first conductivity type (P) adapted to supply
This Sheet Has Been R.

said potential at said output terminal (196) of
”"l'"l'"’”"”l“"' sald interface circuit via said resistor means
(220) as supply potential to said first driving

circuit means (234, 236) of said fourth

semiconductor switching means (21€) and said fifth



a fourth maxi num generating neans (254) adapted to bi as
insulating regions in said fifth sem conduct or swW t chi ng neans
(252) to a maxi mum potential of said potential at said first

i nput term ng and said output termnal ( of said
out put og{elré%m}éans. 23. Interface circuit accordi né‘?%m?f”ﬁ?’m 22,
characterized in that it further conprisges a fifth maxi num
[56) adapted to DEMIST SiEETaHASLUBERNM pot ent i al

gferrﬂmmmmm”mi potential of said fourE h qEexpmanm gengrati ng neans

(254) &nd: a power «Suppl y.potentjal of sai.d outptt FEans,

a third selector neans?e%'éggyg‘éag%ﬁ e%“tt(f%df’(gvf“agnf h&218) . respectyyedyy
potential of said fifwhenasabinmgenefaid Rgrcuit is powd@ANDH256) to a
control electrode of a third transi stor switching neans (260) of
sai d second conductivity type (N) having its first el ectrode
connect ed to2@n ihpar fagenicnakui 262ycofdingaromde cf the claidns VANgcCi rcuit
nmeans (264, 266) i i idithBir i c i t.chi ng nmeans
(252) and havi ng ﬁ's_ ng}a%ﬁEQﬁQgeg%nt ? escatsi?{)néggggﬁn%géegﬁ%ha second
supply 12 JUN 1998miqapsusitogapyibeh il mRamss,(2d@d 218 222, 228twel fth

transistor sw t chidigRAND-CRARNCOTMOths of the £irbilStn&ANOUGHYIitY type

(P) adapted to connect the output termnal (270) of sai"d second
drivi ng LYRS rElit neans (264, 266) to said output potenti al
of said fifth maxi num generating neans (256) *» C L M S *

24. | nterfac§7Flrf%¥§r SEQOEQ&E i%oagéggéQégito claim 26, characterized

in that there is provided a seventh maximum generating
mzans (240) adapted teo bias insulating regions of
transistor switching means of said first conductivity
type (P) in said interface circuit not comprised in
sald fourth and fifth semiconductor switching means
{216, 218) tc a maximum potential of a supply
potential and said potential at said output terminal

(196) of said interface circuit.

28. 1Interface circuit according to claim 27, characterized
in that there is provided an eighth maximum generating
means (246) adapted to bias insulating regions of
transistor switching means of said first conductivity
type (P} comprised in said fourth and fifth
semiconductor switching means (21€¢, 218) to a maximum
potential of said input terminals (206, 208) and said
potential at said output terminal {196) of said

interface circuit.
This Sheet Has Been Replaced
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- a sixth semiconductor switching means (252) having

29. Interface circuit, comprising: I

a first terminal connected to a first input



ransi stor . switching eans (572) of said vt conduct | ITEANIONNAN

(P) adapted to disconnect said second driving circuit nﬁan (264" Z66)
fromsaid poweo sgwpdgky | i ne during power off of ~said outp ggagﬁ

25. Interface circuit according to claim 23, characterlze ?hat
there is further provided a sixth sem conrduct +—m-~smw%t@;ﬂg pans (274)
having a first terminal connected to said |OUtPEHEEE N EEE ”FHQG) of said
out put means and havi ng a second termninal {conneBEBIAIES sai d}second

i nput term nal (Zogérﬁin§fiﬂ¥ﬁHtB¥tsgﬁanfntéffgggﬂafggdg andd:

Interface circuit according to claim?2 aracterizad PR°t hat
there is further prOV|Béﬁl%Psﬁ>§3¢0@ﬁxﬁﬁﬁﬁig%he¢%ﬁﬂqﬁ}ed toreansufpIs)

adapted to bias insul atLpg: £e0i 0%, BrSaLdy int '%%ngﬁglgquugkgr

swi tching neans (274) to a maxi mum potenti a poténtial at said
second i nput termnal (208) and said output termnal (106) of said

output means. 27 InkehfiAcR kdAiGlint R6ePEELAY hoarkd aldB436.adapted to

characterized in that

AENDED SEETA bias insulating regions in said sixth
semiconductor switching means {(252) to a maximum
potential of said potential at said first input
terminal (206) and said output terminal (196) of

said interface circuit.

30. Interface circuit according to claim 298, characterized

in that it further comprises:

- a tenth maximum generating means (256f adapted to
generate a maximum potential of said output
potential of said ninth maximum generating means
(254) and a power supply potential of said

interface circuit,

- an sixth selector means (258) adapted to provide
the output potentizl of said tenth maximum
generating means (256) to a control electrode of a

This Sheet Has Been Repla third transistor switching means (260) of said

AT

"H second conductivity type (N) having its first
electrode connected to an input terminal (262) of
a second driving circuit means (264, 266) driving
said sixth semiconductor switching means (252) and
having its second electrode connected to a second

supply line of said interface circuit, and

- a twelfth transistor switching means {268) of said

first conductivity type (P) adapted to connect the



15 . *C L M S *

there is further provi ded a seventh maxi mum generati ng nmeans (278)
adapted to supply the maxi mum out put potentials of sai d fourth rraxi mum
generating Mayuimpes (254) and said sixth maxi num gener at neans (276)
to said fifth maxi num generating neans (256). ERSZ789 r cui t
according to claim 27, characteriggd II,D__Lhﬁ.\ .:::.::::-.—.-.-::;-;:53’ dthird

sel is also adapted to JUPISKEE D& 'u;g“"]‘f] of said
flflmmwu ulﬁﬂi‘;tl ng means (256) toia co i~ ode of a

urth¢ L gransi»st or c | ng. means _&UBO “»ef-«-sal.f B¥ehnd
conduct|V| ty type (N)OHEVP gterfinel B et ifdeaid seeomhettisdinm an i nput

termnal (282) of a thirdudtimeags (264.cizem)i ttoneans @Bt Z3erdriyi NY

said sixth sem cggdgcggr s t chin rreans 2Z4é and having a second
terminal connected to°sardSeksh STEHTPT | at509 Me3R%r§ ~circuit
according to cl aim 28, characterlzed |n t hat there is further

i ded f t n y 1 chi.ng ans_(28 of said first
onduct i vi ty Typa:tor iR SEEALY pecOliil et dTRRta b Hastte i 200y of

said third driviag @hla@ufcheméan% fegthe§Bovtidesabdthirtedrtput termi nal of

said fifth naXi”Q@hﬁgﬁg%éElgglﬁﬁﬁqﬁ mem&?@%ﬁZ) #0532 ; én}er&gce cireuit
according to claim 29, UCN aracteriZed in that

there is further CAROVFEAYLEYT FYP%eh?’n Et‘?aéﬁ@dstuer disconnect said

second driving circuit means (264, 266) from said
power supply line during power off of said interface

circuit.

32. Interface circuit according to claim 30, characterizes
in that there is further provided a seventh
semiconductor switching means (274) having a first
terminal connected to said output terminal (196) of
said interface circuit and having a second terminal
connected to said second input terminal (208) of said

interface circuit, respectively.

33. Interface circuit according to claim 32, characterized
in that there is further provided an eleventh maximum
gencrating means (276) adapted to bias insulating
regions in said seventh semiconductor switching means
{274) to a maximum potential of said potential at said
second input terminal (208) and said output terminal

(1896) of said interface circuit.

34. Interface circuit according to claim 33, characterized
in that there is further provided a twelfth maximum
generating means (278) adapted to supply the maximum

output potentials of said ninth maximum generatirg
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Soapt o Lo o scomect onia-third ariving VNN IMFAULAE (2., 266" - om

sai d power supply line during power of f of said odt plt neans. 31.
Interface ci moussiozgescording to claim 12, char act eri zedctgpdddoo
said output neans (194) is a differential output circuit conprising:
a sixteenth transitor sw tching neans (294) o o T4 Y st
conductivity type (P) with a control gFgcgﬁB%Te HA§ E?F1'E|j\‘st el ectrode
connected to a first input termnal (296), REHACED secontl el ect rode
connected to a fi u M ; ; | means
(194) et h Transt ot o e ehTn. AeaBkdy Sh et

said first conduct?{®tyca e d( PRohht hasiwghtgeglerating meapsef2bode, a first
el ectrode connected to said first input termnal (296), and a
second el ectrode connected to a second output termnal (302) of
sai d 35out Prite Theasifs RE§UYt according toyglaiiphpflenthaf pakey ki

swi tching neans (894haxf said sixthtbeléitdt neem@uabicelt Ystypeo (P) with a

contr ol electrpode, a first, el ectrode connected _to said

first output tern‘?%&a‘?t‘icgg‘é}) SBPpééi fjh%u?‘ﬁﬁ”tné’afﬁ§alg t&hch PAHYYUM and a
second el ectrode gomnectied heaass¢2d6d to a contriolpeletersa@adf (306), and
a nineteenth tran?é&?éy é@@n%qgkgg EE?Péhﬁégxﬁeéﬁé (280) cf said second

conductivity type (N) having a first electrode

connected to an input terminal (282) of a third
driving circuilt means (284, 286) driving said seventh
semiconductor switching means (274) and having a

second terminal connected to said second supply line.

36. Interface circuit according to claim 33, characterized
in that there is further provided a fourteenth
transistor switching means (288) of said first
coenductivity type (P} adapted to connect said output
terminal (290) of said third driving circuit means
(284, 286) to said output terminal of said tenth

maximum generating means (256).

37. Interface circuit according to claim 36, characterized
in that there is further provided a fifteenth
transistor switching means (282) of said first
conductivity type (P) adapted to disconnect said third
driving circuit means (284, 286) from said power
supply line during power off of said interface

circuit.

38. Interface circuit according to claim 18, characterized
that said output means (194) is a differential output

circuit comprising:
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el ct rode connected to sad | Second output term ‘:LFCEESHHIHWHIJHIW HIII I
out put neans (194), and a second el ectrode connected to

[err] : err] *
L M WO 9802962 ond input termnal (306) of said out put"‘#é“'&’ﬁ%’[)”"“
(194). 32. Interface circuit accordingsjo claim31, characterized
i n that each insulating region of said h-to-fifteenth
transi stor sw tching neans (294, 300, 304, 308JHISSSHEET WAGSedNtlo an aver age
potential of said first and second out put} ter mpgal A§EO8, 3Q2) of said
out put neans (194). 33. Interface circuit accordirnmg-to-one—of the
pr ecedi ng clalims, a sixte6hel agtadizady Buwlikehing neaacCib o) @l d
transi stor swtching magg of conductivity type ( P) is a

0

the f
p- channel MOSFET tran$® FlrStSQank‘?ﬁtér"f*ée’eté’PFcﬁﬂ uE rfdlfﬁg“ttr@lone of
t he preceding cl aierectrode, zh@inaat eniezedods tbatected t&aclhrigfsisai d

transistor swtching nea az oL éfﬁéfeﬁﬂﬂﬂ and a second electrode

connected to a first output terminal (298) of said

output means (194},

- a seventeenth transistor switching means (300) of
said first conductivity type (P) with a control
electrode, a first electrode connected to said
first input terminal (226), and a second electrode
connected to a second output terminal (302) of

said output means (194},

- a elghteenth transistor switching means (304 of
the first conductivity type (P) with a control
electrode, a first electrode connected to said
first output terminal (298) of said ocutput means
(184), and a second electrode connected to a

second input terminal (306), and

- a nineteenth transistor switching means (308) of
the first conductivity type (P) with a control
electrode, a first electrode connected to said
second output terminal (302) of said output means
(184), and a second electrode connected to said
second input terminal (306) of said output means
(194).

39. Interface circuit according to claim 38, characterized
in that each insulating region of said twelfth to

fifteenth transistor switching means (294, 300, 304,
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conductivity type (N) ism mﬂmﬂmn\ml FET _transistor. 35.
Interface circuit accordii ( pr ecedi ng cl ai ns,

characterized in that each df Said insulating regions is an N-well.
12JUN 1998 WO 98/02965 * C L M S * 36. Failure preverkk@boites hod
for an interface circuit conprising at | east one sem conductor
sw t chi ng neans (1) having a first | Pk tTgln.,m.-.n.ﬁT (% parisecond |ink

. . . (B Oit ' 4 et . .
termnal (4), and a control termnal (6), sai ,rgse_;.r,r_l\_.gonduc or switching
means (1) being activated when a potentifal _di Prerente betheen said

control termnal 308) (& inGdeanecohnsaverfde Flotentkatenri 8alq (&)rand said

second link term na 4) exceeds, a, predet.ernmned t hreshol d val ue,
conprising the staerbcg dédor Ou%pbgptb RS |mr%056t82tf%}gocfu%td first
i nk termgared (1P4)and said second link termnal (4) to a

control amplifier feeding said control term nal (6) of said

sem conduct or switching neans (1) when said interface circuit is

power ed of f.40. 37IntRaifagee qirevént kopondinwdacoer dhagptecedaign 36, _
further corrprlSlrwléih%,stc@ﬁrgfc;gppwanﬁ,td?%tﬁ%@cﬁugk sai Ox%%}tgtigslté)%f sai d

first link termnal (2) and sai second link term na
i nsul ating regi orsvoftchings Zegrseff cotriutioit SWnduRthyifearery 1)P)when sai d

interface circuits i uweleadMotFET transistor.

41. Interiace circuit according to one the preceding
claims, characterized in that each of said transistor
switching means of the second conductivity type (N) 1is

& n-channel MOSFET treansistor.

42, Interface circuit according tc one the preceding
claims, characterized in that each of said insulating

regions is an N-well.

43. TFailure prevention method for an interface circuit
comprising at least one semiconductor switching means
(1) having a first link terminal (2), a second link
terminal (4), and a control terminal (6), said
semiconductor switching means (1) being activated when
a potential diiference between said contrecl terminal
(6) and one of said first link terminal (2) and said
second link terminal {(4) exceeds a predetermined

threshold value, comprising the step:

- apply the maximum potential of said first link
terminal (2) and said second link terminal (4) to
said control terminal (6) of said semiconductor
switching means (1) when said interface circuit is

powered off.
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Failure prevention method according to claim 43,
further comprising the step of applying the maximum
potential of said first link terminal (2) and said
second link terminal (4) to an insulating region of
said semiconductor switching means (1) when said

interface circuit is powered off.
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