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(57) Abstract

The present invention concerns a line re-
ceiver circuit with an integrated input amplifier
circuit (1) with a noninverting input terminal (11)
and an inverting input terminal (12) for connec-
tion with a transmission line (31, 32) and with
line impedance termination means (2) for termi-
natmg the characteristic impedance of the trans-
mission line (31, 32). The imput amplifier circuit
(1) and the line impedance termination means (2)
are integrated on a common semiconductor sub-
strate. The line impedance termination means (2)
coomprise a plurality of impedance circuits and
are controllable such that the impedance value of .

| the line termination is controllable.




(Transi stor-Transi stor Logic) and ECL (Emtter Coupled Logic), which
concepts arewoewsazmehin digital logic circuits as well as forpPCl/EPYTAI2351
signalling between circuits or circuit boards. Concepts designed for
transmssion of digital data with a high ddta rate preferably enploy
differential transm ssion and recepti-on of digital data, 3
signalling wires. DPECL (Differential Positive Emtter C(;jﬁlﬁélfajlﬂﬂﬁ BEEND:
(Low Vol tage Differential Signalling) and GLVDS (G oundeq. Low RERLAEED: |
Differential Signalling) are exanples of signalling concepts WATCh USE
differential signalling. Differential signalling enables keeping the
differential voltage across the pair of signalling wires |ow as due to the
differential concept spurious voltage drops across a ground |ine connecting
the transmtter with the INFEGRATED ANDI SWIRCHABLE &JINE| TERMINARIONt he qual ity of
data transm ssion. Low 2
differential signalling voltages in turn keep the power transmtted over

| ow i npedance transm ssion lines within

The present invention concerns a line receiver circuit that
can be electrically connected to a transmission line, for
receiving information transmitted via the transmission line

in the form of digital electrical signals.

At present, a variety of concepts for digital logic circuits

and digital signalling between circuits is known.

Early concepts are DTL (Diode-Transistor Logic), TTL
(Transistor-Transistor Logic) and ECL (Emitter Coupled |
Logic), which concepts are used within digital logic circuits

as well as for digital signalling between circuits or circuit

boards.

Concepts designed for transmission of digital data with a
high data rate preferably employ differential transmission
and reception of digital data, using a pair of signalling
wires. DPECL (Differential Positive Emitter Coupled Logic),
LVDS (Low Voltage Differential Signalling) and GLVDS
.(Grounded Low Voltage Differential Signalling) are examples
of signalling concepts which use differential signalling.
Differential signalling enables keeping the differential
voltage across the pair of signalling wires low as due to the
differential concept spurious voltage drops across a ground
line connecting the transmitter with the receiver will not

adversely affect the quality of data transmission. Low
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reasonable limts. Wth the ever increasing conplexity of digital
circuitry alggﬁ with a rapid increase of the scale of integration and .
operatiﬁé the nunber of signal channel s between r eRGEHEPINOBISi r cui t
conponent s and accordingly, the pin nunber of the integrated circuits
A5 spumrhi-ngl y. Space on tRBe surface of printed circuits boards

1EH&&§MEEH Ay fponents and wiring between the conponents and/or the
pe ipherB'Eﬁ'léi\cﬁf"&‘t:|ou*é and rare. Moreover, for a variety of different

3 EFaIysignnofiian eoptayesdihf euent keepnahll pawaghenes for
different parg ¥%en co 5|der|n al | glfferentlal 3 % al n .concepts
pr esentti? é%&& FLefoverg SWIFWB 8PCag §a§§QﬁSFﬁ8ﬁ FR§Ht Mythéhow 0 vol t up
to nor erdd¥ongbrel 1imfA8sa consequence, i s not possible to connect an
output of a circuit conformng to:one partlcular di.fferential signalling
concept with the input of another circuit conforn1ng to a different

si gnal IWitgh cemé epber AtABEERBIhY, cOmPRERIeY 6ifr AYigh tdeSkgRcmdtEyei t her stick -
to a specific signalling concept or nust I nclude neans for translatlng

bet weer® kRS WHER, %nFagilén&PFirﬁéSPe(?gl thetgeaipr of Antegratioe mad t he
dr anbacdpd At 1 At slgssed(?vehepﬁaﬂbérl 8¢k shbasibchhhnetdi bethaenl atter

alternative requires additional space and power not related to the core
funct i FRSRARCEHEe sGiFEt components and accordingly, the pin number .

of the integrated circuits increases correspondingly. Space

ni|
2
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on the surface of printed circuits boards for accommodating
components and wiring between the components and/or the

periphery is precious and rare.

Moreover, for a variety of different reasons a complex system
often employs different signalling schemes for different
partsf When considering all differential signalling concepts
presehtly available, signalling voltages span from slightly
below 0 volt up to more than 4 volt. As a consequence, it is
not poséible to connect an output of a circuit conforming to
one particular differential signalling concept with the input
of another circuit conforming to a different signalling
concept. Accordingly, a complex circuit design must either
stick to a specific signalling concept or must include means
for translating between the different signalling levels, .The
first alternative has the drawback that future developments
lack flexibility while the latter alternative requires
‘additional space and power not related to the core functions
of the system. '

The present invention aims at solving the above mentioned
problems. It is the object of the invention, to make digital
high speed signalling as simple, space and cost efficient as
possible.

e
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2a From US 5,396,028 an apparatus for transmssion line termnation
1S * known. woenarsng to this docunent, transm ssion | iPEI/EP97/02351
termnation is achi eved by neans of a transmi ssion gate consisting of a
PMOS transistor an a NMOS Transi stor each Baving a resi-stor connected in
series. The resulting structures are connected |n‘“pdraIJﬁ| _The
transmission gate is used for adjusting the term natiion 'VWYTHNFSHEHTHN§BEEN

the two transnmission line conductors in an anal og fashion ™ fre T hiREPERCER
precision resistance control circuit is'required. The pre
aims at sol \/l‘tmgstd:ﬂaj apbvisnenlvedeaspdsBiags im qlaimmd -olﬁlﬁlqdi'é!efl% of

1 nventi on, gﬁ@i&&' aBkoBetRARd $hoRRl RPARHIR R immPace and cost

ef ficient as p055|

In order to solve this object, the present invention provides
a line receiver circuit, comprising an integrated input
amplifier circuit having a non-inverting input terminal and
an inverting input:terminal for connection with a |
transmission line; and line termination impedance means for
terminating the characteristic impedance of said transmission
line; wherein the input amplifier circuit and said line
termination impedance means are integrated on a common
semiconductor substrate.

According to the present invention, it is the integrated line
receiver circuit that does not only perform the regeneration
of the signals received via the transmission line but also
provides for proper terminatibn of the transmission line by
means of including termination impedance means on the chip of
the integrated line receiver circuit. Of coursé, the
integrated line receiver circuit including the integrated
termination impedance means can be integrated on the same
chip as other ciréuitry dedicated to processing the received

information.

The line receiver circﬁit according to the present invention
allows connecting the transmission line directly to the input
pins of an integrated circuit receiving data via the
transmission line, without the need of providing for proper
. termination of the transmission_line. Accordingly, no extra
space on the printed circuit board is required for components
terminating the transmission_line. In this way it is possible

to connect a large number of signal channels to a large
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3 This object is solved as defined in claim11. Enbodi nents of the

I nventi fined in the dependent cl ains. According to the present -
i nventi ﬁogﬁtﬁsg the integrated line receiver circuit tha&%@g only
perform the regenalad-=aa=pf the signals received via the transm ssion line
. mmﬁﬂtﬁﬁkﬁﬂﬁﬂaer terninatifon of the transnission line by neans
Qf,hmoh}@yngingggﬁgﬁmi on inpedance neans on the chip of the integrated
Line  J coglkatmmmsmmewt=t=" f course, the integrated line receiver circuit
itncl udi'ngmbke. . ot dgupatte ghines dinnat ispra denaadia vos trefifd cdan therdynt eriat ed on

i or napFSReRt ThYeREiet ke st e, B0 A el ohG T Boem AUEY Tent i on

al | ows dbfifiecentg alhe ignaldingsicondeptes @mpdold Wowo stik@allduwig pi ns of an

integra%gftgbgc%h%f%%%gégannQ%%% %g%g%h%f e.g. 0,2 Volt such that
the termination impedances_do not dissipate much power and
hence can be integrated on the semiconductor sﬁbstrate of the
line receiver circuit without occupying much space.
Integrating the line termination impedance means .and the .
input amplifier on the same chip has the additional advantage:
that spurious resonances that might arise from a series
connection of inductive components of'bond.wires and the
capacitances of the input terminals of amplifier, can be.
damped very efficiently such that the stability of the whole
circuit design is improved.

In order to avoid that means for translating between
different signalling levels are necéssary in mixed systems
employing a variety of different digital signalling schemes,
according to an embodiment of the present invention the
termination means connected across the input terminals of the
input amplifiér circuit can be kept floating, i.e. do not
require a predetermined common mode voltage for proper
operatioh but are able to operate over a sufficiently large
common mode voltage range, e.g. slightly below ground_lével
up to slightly above the level of the power supply voltage of
the line receiver circuit. If the input amplifier circuit is
provided with a correspondingly large common mode. voltage
range, the line receiver circuits can be connected to any

'.sender and will work propérly as long as the common mode

- voltage on the transmission line, as far as determined by the
sender, is within the common mode operating voltage range of
the input amplifier circuit and the termination impedance

nmeans.

heet Has Been Reilaced

TN




3

transm ssion line, wthout the need of providing for proper termnation of
the:transm ssworp7l4218®. Accordingly, no extra space on the pri nREI/ERITAOZASE
board is required for conponents termnating the transmssion line. In this

way it

is possible to connect a |large nunbed of S|gnal—channels 1.0 a large
AVENDED SHEET

EEE .
R ,il= .

» [ THIS SHEET HAS BEEN
T - REPLACED

Moreover, in order to cope with different characteristic
impedances of transmission lines, a line receiver circuit
according to the présent invention can include a plurality of
impedance.circuits and at laast one.tranémission gate circuit
controllable_to be in a'low impedancé transmission state or a
high impedance blocking state, said plurality_of impedance
circuit and said at least one transmission gate circuit being
interconnected such that an.impedance valﬁe of said line
termination impedance means can be controlled by means of

controlling said at least one transmission gate circuit.

A specific embodiment of a line receiver circuit of the
present invention includes line termination impedance means
ccmprising a parallel connection across the input terminals
of the input amplifier circuit of a plurality of series
circuits each consisting of an impedance and a transmission

gate circuit.

By appropriately selecting.a t#ansmission state or blocking
state of each of these transmission gates, it is possible to
seléct an appropriate value of the overall termination |
impedance according to_ﬁeed, Moreover, if no termination of
the transmission line is_desifed, e.g., if the transmission
line acts as a data bus with separate termination, by'means
of switching all transmission gates into the high impedance
blocking state, it is possible to avoid that the line
receiver circuit according to the present invention acts as a
load on the transmission lihe. The transmission gates and the
line termination meansla:e_preferably designed such they
allow the input of the line recei?er circuit to be floating
in the above sense. 

Sheet Has Been Reﬂlaced
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4 nunber of input pins in a space and cost efficient way. The present

I nventi use of the fact that nodern digital differential signalling.
conceptgagﬁgpgéslow1S|gnaII|ng vol tage differences in thePFREEREES . 0,2
Volt such that the ter n inpedances do not dissipate much power and
hence can_| e]'ﬂ\StSl-tEEatW BEEN e seni codductor substrate of the line
r.eceiver:: - ck [ €Lk ‘REPV_\AGED)Ut occupying nuch -space. Integrating the line
tern1natioh : means . and the input anplifier on the sane chip has
the addA&t@ﬂalnadfanha%rEha& SBRELI @Y eABBRARERT to*fatthf& g{}‘ aﬁéﬂée froma
series connecti on of inductive conmponents o wires and 1
capaC|tbh%%%tanth@nFnBEthEPnPﬁaF§léfSéﬁﬁﬁﬁfFéﬁCUI¢§neb§hdanped very
effici eeéhylgemgtaet tEHﬁsﬁi%thht yaea &ha mstgaﬁuécwefa deHg Hes

i mpr oved In Order avol d nmeans t ranslating “bet ween

di f f er cPEO¥igad! snah tba§| thgr sendesssirguib sorprisest évo dmplersamy a
Var'etxmeénglééﬁﬁsgkeﬂ'ahtﬁ'eébﬂ”athEEQVEShEHEStrkﬁéma% ST QL reans

connected across the 1 nput termnals
Both terminals of the transm1551on gate can be connected via

additional transmission gates to voltage sources of
.approprlate level and of approprlate source impedance. By
means.of holding the transmission gate of ‘the series '
connection in a blocking state and the add1t10na1
transmission gates in a low impedance transmission state, it.
is then possible to achieve a separate common mode
terﬁihation of each.terminal of the incoming transmission
line, if the kind of sender used for driving the transmission
line expeots such kind of common mode termihation at the
receiver end or if.a transmission line is used that requires

such kind of termination.

An alternative embodlment of such serles c1rcu1t comprises a
plurallty of impedance means connected in series, each
impedance means having connected a transm1551on gate in
parallel such.that by appropriately seleoting a transmission
state.or blooking state of each of these transmission_gates,
the overall impedance of the series circuit can be adjusted

according to need.

The transmission state of each transmission‘gate can be
controlled via a respective control terminal for each
transmission gate. If a plurality of similar line receiver
circuits for a plurality of signal channels is provided on a
common semiconductor chip, the corresponding control
terminals of corresponding transmission gate circuits can be
connected together. The control terminals of the line

Sheet Has Been Reﬂlaced
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the input anplifier circuit can be kept floating, i.e. do not require a
predet er mi nedv@oTa27s® node vol tage for proper operation but ar ePGHERIHAZ35L
operate over a sufficiently |arge conmon node voltage range, e.g. slightly
bel ow ground I evel up to slightly above thg | evel of tpemov oxe)
voltage of the line receiver circuit. If tge I nput anpl}i gr‘gﬂfﬁ% gEFsN
provided with a correspondingly |arge conmon node vol t §ge raﬁh@#‘ e | ing
receiver circuits can be connected to any sender and wll work properly as
| ong as t he xepRbYeFoatr gBLEsGaNoRE: FOPPRLLER & gﬁ%ﬁ%%é,edasl as

det er m ned bdoﬁf‘fg??faé%n pEn¥i b Bahh®eC AFIRRNTRAL ONVAED kA el itBdmaBNge
of the input anpltfier circuit ‘and the term nation inpedance neans.
AVENDED SHEEExclude useless or destructive combinations of transmission

states of the transmission gates of each line receiver
circuit.

In the following, embodiments of the present invention will
be described in greater detail with reference to the

accompanying drawings.

Figure 1 shows an overall block diagram of an embodiment of
a line receiver circuit according to the present

invention;

Figure 2 shows a first embodiment of a line termination

impedance means;

Figure 3 shows a second embodiment of a line termination

impedance means of the present invention;

Figure 4 shows a third embodiment of a line termination

impedance means of the present invention;

Figure 5 shows a fourth embodiment of a line termination

- impedance means of the present invention;

Figure 6a shows the symbol used for depicting a transmission

gate; and

Figure 6b shows a schematic diagram of an embodiment of a

transmission gate according to the invention.

This Sheet Has Been R¢ﬂ
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Moreover, in order to cope wth different characteristic inpedances of
transni@g&gﬂiﬁﬁmm, the line receiver circuit includes a plurality of .
i npedan #8778 ts and at |east one transmission gate ci rRCHVEPYI®RISIo| | abl e
to bein a-lowinpedance transm ssion state or a high inpedance bl ocking
state, 'said- plurality of inpedance ciPcuits and said at |east one

transm ssion -gate circuit being interconnected such that an inpedance val ue
of said line term nation inpedance nmeans can be controll ed by nmeans of

contr olfiqigrsai dsibws €@t ov8Lal LaBIBLRS HRRgHANE o HRUehboliterR! at i on
|npedaqfﬁ means conprises a pluralit | npedance means connected in

of
seri es,H IR HFITHE c%lﬁEBﬁE*ﬁ§GPﬁelégtF8n§ sPrEF et dnventdened Im

par al | ednisd!cdi Adwdm PYr 8PeEeRERhakrae! eChieBd gRateaNaMuiFretesltalg Of
bl ocking state of each of these transm ssion gates, the overall I npedance
of the MRYeamplitier cahreisaPa¥ing acherainyertdngndaput feagminal

term naty Qfhd | AW efidveLt iAGaMiput StagndAh208QUS Al E}ohlﬁﬁbeaai'f'f%'éﬁ'ﬁé

capacitance resulting fromthe term nation neans can be kept snall.
across the input terminals 11 and 12 is amplified by the
amplifier 1 in a linear or non-linear fashion and the
amplified signal appears at output terminal 13 of the
amplifier 1. Reference numeral 2 designates line termination
impedance means connected across the input terminals 11 and
12 of amplifier 1. Conductors 31 and 32 constitute a
transmission line which is driven by a data transmitter (not
shown) and connected to the input terminals 11 and 12 of
amplifier 1. The dashed box around input amplifier 1 and line
termination impedance means 2 indicates that both the input
amplifier circuit 1 as well as the line termination impedance
meanszz are integrated on a common semiconductor substrate,
i.e. that both the input amplifier 1 and the line termination
impedance means 2 are components of the same integrated
circuit. Of course, in addition to the elements shown inside
the dashed box in Figure 1, other elements can be provided on
the integrated circuit, e.g. additional input amplifiers and
line termination means for additional signal channels and.
other circuitry for processing the information received via
each of the transmission lines cohnected to the integrated

circuit.

Terminals VDD and VSS in Figure 1 denote the power supply
terminals for the input amplifier circuit 1. While the line
termination impedance means 2 in Figure 1 is shown to receive
a power supply voltage across VDD and VSS, such connection of

the line termination impedance means 2 to VDD and VSS might



6 The transm ssion state of each transm ssion gate can be controlled via
asrespecti vew@n42389 t ermi nal for each transm ssion gate. |f aPGI/EPHNG23S1 of
simlar line receiver circuits for a plurality of signal channels is

provi ded on a conmon sem conductor chip,9 the corresponding cont rol
term nals of corresponding transm ssion gate circuits can be connected
toget her. The control ternminals of the line

b eneceiven il raio Sanhe conneched! 0ndeAloghedi LML EABbLIHLAY @F PI NS

the line termination impedance means 2.

In its most basic form the line termination impedance means 2
is a resistor the resistance of which is selected in
accordance with the characteristic impedance of transmission
line 31, 32.

According to another basic embodiment the line termination
impedance means 2, provides for common mode termination of
each signal conductor.wifh one termination impedance for each
of the conductors 31 and 32 of the transmission line. In this
case the respective impedances are connected to VDD or VSS or
to terminal VT, depending on the kind of termination expected
by the transmitter. If each of the termination impedances'is
connected to the terminal VT, the application of an external
voltage to this terminal enables a common mode termination of
the. conductors 31, 32 of the transmission line at an |
arbitrary potential which can be determined dependlng on the
employed kind of transmitter.

Figure 2 shows a first embodiment of line impedance
termination means 2. According to fhis embodiment, line
impedance termination means 2 comprises a serles connectlon
of a first impedance R11, a transm1551on gate . Tl and a second
impedance R12, thls.serles_connectlon being connected across
the input terminals 11 and 12 of the input amplifier circuit
1. In this embodiment, 31 and 32 denote the conductors of a
symmetrical transmission line,_(e.g. twisted pair or similar
types of transmission lines), which is terminated by said
series connection of R1l, Tl and R12. In view of the
symmetrical nature of the transmission line, impedances R1l1l
and R12 preferably have the same impedance.value. |



excl ude usel ess or destructive conbinations of transm ssion states of the

transnisa%ﬂﬁu tes of weach line receiver circuit. In the foll ow ng,. .
embodi ments of ‘The present invention will be described i nPGFERVER3SHet ai |
with reference to the acconpanying draw ngs. Figure 1 shows an overal

bl ock di agram of an enbodi nent of 10 aline receiver circuit

according to the present I nventi on; Figure 2 shows a first

enbodi mrent of a line term nation i npedance neans; Figure 3 shows
a second enbodi nent of a line termnation - i npedance neans of the

present in entjon; Fi uri 4 shows_  a_third enbodinment of a line
term ndt notes a CphpEl nESrﬂéaﬁ% 8f fﬁénﬁmé§§ﬁpniﬁﬁ§ﬁpﬂén;BY Figure 5
shows andans tHf eappliyiRgt anf apprbpeikeemcBatel voltage tb"eefepeg means of
t he present, i nventi op; e e _ :
terminal Cl, transmission gate Tl takes a low impedance
transmission state, i.e. connects impedances R11 and R12
substantially like a short circuit, or takes a high impedance

blocking state, i.e. substantially disconnects R11 and R12.

Accordingly, by means of transmission gate T1, the first
embodiment of the present invention allows switching on or
off the internal termination essentially constituted by R1l1
and R12 connected in series. In this way, the line receiver
circuit of the present invention according to this embodiment
can be configured to operate on a dedicated transmission. line
~or can be configured to operate on a data bus transmission
line. _ 1In the first case the transmission gate is controlled
to take the low impedance transmission state while in the
latter case the transmission gate is controlled to take the

high impedénce blocking state.

Although not shown in Figure 2, by means of providing a -
plurality of series circuits each consisting of a first
impedance, a transmission gate and a second impedance as
'depicted in Figure 2, all series circuits being connected in
parallel across input terminals 11 and 12 of amplifier 1, it
is possible to configure the termination impedance across the
input terminals 11 and 12 of the input amplifier 1 to match
different characteristic impedances of transmission line 31,
32. In this case, the transmission'gatés'Tl of each series
circuit allow selecting particular series connections of
impedances R11, R12 to be connected in parallel such that the
resulting impedance of this parallel connection is adjustable

according to need.




Figure 6a shows the synbol used for depicting a transm ssion ate;
and  Fi gur ewapord2oss a schemmtic diagram of an enbodi ment of RCT/EPS7/02351
transm ssion gate according to the invention.

AVENDED SHEET WO 97/ 42739

PCT/ EP97/ 02351 11g Figure 1 shows an overal
bl ock di agram of an enbodi nent of a line receiver circuit according to the
present invention. In

Figure 3 shows a second embodiment of a line termination
impedance means according to the present invention. Similar
to the embodiment depicted in Figure 2, also the second
embodiment comprises a series connection of a first impedance
R1l, a transnission gate Tl and a second impedance R12, this
series circuit being connected across the input terminals 11
and 12 of input amplifier 1. Reference numerals 31 and 32
again denote the conductors of a transmission line connected
to the input terminals 11 and 12 of amplifier 1. In addition
to the elements shown in Figure 2, the second embodiment
comprises a first pair of transmission gates T1l1, T12, a
second pair of transmission gates T13, Tl14 and a third pair
of transmission gates T15, T1l6. Cll denotes a control
terminal for controlling the transmission state of the
transmission gates T11l and T12. C12 denotes a control
terminal for controlling state of transmission gates T13 and
T14, and C13 denotes a control terminal for controlling the
transmission state of transmission gates T15 and T16. The
transmission gates belonging to the same pair always take the
same transmission state determined by the signal applied to

the corresponding control terminal.

The first transmission gate T1l of the first pair is
connected between that terminal of impedance R12 which is
connected to transmission gate Tl, and the negative'power
supply terminal VSS. The second transmission gate T12 of the
first pair is connected between that terminal R11l which is
connected to transmission gate Tl and terminal VSS. The first
transmission gate T13 of the second pair of transmission
gates is connected to that terminal of impedance R12 which is
connected to transmission gate Tl and the positive power
supply VDD. The second transmission gate T14 of the second



this diagram reference nuneral 1 designates a differential input anplifier
circuit having a non-inverting input termnal 11 and an inverting input .
terninal“@ﬁ”wEFVoltage di fference across the input tern nRCIEPI7THIEL12 i s
anplified by the anplifier 1 in a linear or non-linear fashion and the
anplified signal appears at output termnal 13 of the anplifier 1.
Reference nunmeral 2 designates |ine ferm nation inpedance neans connected
across the input termnals 11 and 12 of anplifier 1. Conductors 31 and 32
constitute a transmission line which is driven by a data transmtter (not
shown)_and c?nnected,to_the i nput termnals 11 and 12 of anplifier 1. The

dashedPBdX SFobREPAMFSSIOMIIANSES iS5 FAPNeGREd HeFWERD dPatpRiEmtrakeans 2

i ndi capesimpatianeehRihe whikh ¥ idrdncfted ik trassieddics ddee ! tie
termnati.on | g}gedanc nmeans ,2 Ei:’]e | Nt %at ed on a commpn sem conduct or

subst r 3¢€, PPYWer SHRPIYoLSIMINE L, AP o dhe 1fikst WRPSMSSion 9a%®i nation

i npedanes fEaBRe? tRAEAC P IE Trindis SRIE Jtied B sbriidedd . OF course,
in addition to the el enents shown inside the dashed box in Figure 1, other

el enenP8tveanpEhatokrdddnad fe impadange Rkl (tat 1% qpnngried okl i nput

ampl i ftgasANEshbAC gh®eMMat i P atriitla RAM tiNalpel iitd Hpannel s and
other circuitry for "processing the information received via each of the
t ransnf¥SesnRali Nedtagenpoteprtiak hIhesaprd dxananigsion gakeiPhés VDD

and VSSgi pnEi an&mlpq%&olti% IRMRRWRId BERleer FHE A Sr{iHal e | nput

anplifier circuit 1. ile the [ine termnation | npedance neans 2 in Figure
1 i s shapadapceeRdpydhat is connected to transmission gate T1 and

terminal VT.

The second embodiment allows that the line impedance
termination means can be configured to terminate a variety of
different types. . of transmission lines. Depending on the .
control signals applied to control terminals Cl, Cll, C12 and
C13, it is possible to configure the line receiver circuit
incorporating the line termination impedance means of the
second embodiment for terminating a symmetrical transmission
line, and/or for providing a common mode termination of each
of the conductors 31, 32 of the transmission line to the
positive power supply potential VDD, or to the negative power
supply potential VSS or to an arbitrary termination voltage
applied to terminal VT. Also, this embodiment allows that no
termination of the transmission line takes place at all.

For terminating a symmetrical transmission line, transmission
gate Tl is controlled to be in a low impedance transmission
state while all other transmission gates depicted in Figure 3
are controlled to be in a high impedance blocking state. For
providing a common mode termination of the conductors 31, 32
with respect to the positive power supply potential VDD,
transmission gates T13 and T14 are controlled to take a low
impedance transmission state while all other transmission



a pomer-supply vol tage across VDD and VSS, such connection of the line

term nati on iwpadagne neans 2 to VDD and VSS m ght WO 97/ $¢&15Ep97/02351
PCT/ EP97/ 02351 9 not be necessary
dependi ng on the particul ar enbodi nent of the line term nation inpedance
means 2. In its nost basic.formthe lingatermnation inpedance neans 2 is
a resistor the resistance of which is selected in accordance with the
characteristic inpedance of transm ssion |ine 31, 32. According to

anot her basi c _enbodi nent the |i.ne term nation inpedance neans 2, provides

for common #BHESt SERLFE oL igne I AFe MRt bed ke htake achiphation

i npedance f gnpeaahcel pibekaoRdstades 31 and 32 of the transmission line. In
this case the respective i npédances are connected to VDD or VSS or to

term nal VT, depending on the kind of term nation expected by the

transmtterzelh edmihon role werminaldioh 0B UHMRSdSs CoINesE iR the

term nal VT, the application of an external
respect to the negative power supply potential VSS is
required, transmission gates T1l and T12 are controlled to
take a low impedance transmission state while all other
transmission gates depicted in Figure 3 are controlled to
take a high impedance blocking state. If a common mode
termination of conductors 31, 32 with respect to a voltage
potential different from VDD or VSS is desired, a voltage
source providing an appropriate voltage level is connected
between terminal VT and e.g. VSS, and all transmissioh gates
except T15 and T16 are controlled to take a high impedance
blocking state while T15 and T16 are controlled to take a low

impedance transmission state.

If a symmetrical termination of conductors 31, 32 and at the
same time, a common mode termination of conductors 31, 32 is
desired, i.e. if a Y-type termination of the transmission
line is desired, transmission gate Tl may be controlled to be
in a low impedance transmission state and at the same time,
in case that a common mode termination to VDD is desired,
tranSmission gates T13 and T14 can be controlled to be in a
low impedance transmission state.'Similarly, if a Y-type
termination with respect to VT is desired, transmission gates
Tl, T15 and T16 are controlled to take a low impedance
transmission state while all other transmission gates are in
a blocking state. If a Y-termination with respect VSS is
desired, transmission gates'Tl, T11l and T12 are in a low
impedance state while all other transmission gates are in a
blocking state. For each kind of Y-termination, an additional
impedance RS1, RS2, RS3 can be provided acting as source



voltage to this termnal enables a comon node ternination of the
conductors 31, 32 of the transmssion line at an arbitrary potential which

can be M¥PEMTRJ depending on the enpl oyed kind of transPEEERINO2ISIFI gure 2

shows a first enbodi nent of |ine inpedance term nation nmeans 2. According
to this enbodi ment, |ine inpedance tenm nati on nmeans 2 conprises a series
connection of a first inpedance Rl11l, a transm ssion gate Tl and a second
i npedance R12, this series connection being connected across the input
term nal; fooithe input anplifier.cireuit 1. In this enbodi nent,
31 and ﬁlp%éir?g{%t 'ezocto %u%?%rﬁgno?gges SRR PN ( Yohtd9esi a% shawn (e. g.
twi st edipaifiigor ki rdff awouypes af Y+iayse sermind t 165 )o £ Wi Shsh s €651 nNat ed

b i d ' ' f_R11,, T1 d R12. ] i ew of the synmetrical :
it r e SRS iy SRk | 1S e ined rith RSN SR J9A%e have ¢ he

sane i nfddbedagvdruea blockiy Stay3%n this case, however, the

PCT/EPQ%@%%%%% driving ability of transmissiogigates Tll to T16
would have to be higher, and accordingly, the size of these
transmission gates would have to be larger than in the case,
that for a Y-type termination also_transmission gate Tl is

controlled to take a low impedance transmission state.

Fig. 4 depicts a third embodiment of a line termination
impedance means according to the present invention. This
embodiment differs from the embodiment shown in Fig. 3 in
that instead of a single transmission gate Tl connected
between impedances R1ll and R12, a series connection of two
transmission gates T21 and T22 is connected between
impedances R21 and R22. Moreover, in place of the pair of
transmission gates T1l1l, T1l2 a single transmission gate T25 is
provided. In plade 6f a pair of transmission gates T13, T1l4 a
single transmission gate T23 is provided. In place of a pair
of transmission gates T15, Tl6 a single transmission gate T24
is provided. Each of transmission gates T23 to T25 has one of
its transmissioh terminals connected to that transmission
terminal of T21 which is connected to a transmission. terminal
of T22, as shown in the figure. Operation and control of the
third embodiment are similar to what has been described with
regard to the second embodiment.

Regardihg the first, second and the third embodiment it is to
be noted, that both the impedances R11l, R12, R21 and R22 and
the impedances RS1, RS2, RS3 need not be.preseﬁt as separate
compohents on the semiconductor chip but can be effected by
means of designing the respective transmission gates such



Cl denotes a control terminal of transmission gate T1l. By neans of applying
an appropri atwWocwer® voltage to control termnal Cl, transm SCWEPYARISITL

takes a | ow i npedance transm ssion state, i.e. connects inpedances R11 and
R12 substantially like a short circuit, or1sakes a high i npedance bl ocki ng
state, i.e. substantially disconnects R11 and R12. Accordingly, by neans

of transm ssion gate T1l, the first enbodi nent of the present invention

o oue su rebiag 90 Shelld AL EH ol LAABIAR ERaEIAL Sl cgugLLy oo

by R11 and RIZ cConnec I es I'ne Tec
of the presemheiyninamel @n desioret] rtgramsmmsimbhn@eIMncearWHnmcusingufd.d:ltcb

operate on a g' i % t be cO ured to era

a data bus tF gg fssi l?érgorpﬁssfﬁoﬁ &% r?i'nc% ?hrér?lp ?ﬁ%%?oﬁagg

control | ed t desdkred rte:alrmmiisme:iammedmnsmom gl dbe oibtdineéd bhe | at ter

case the tran at.e [0 e§hé hi gh i npedance

bl ocki ng staﬁg tgi&“ﬂé%ﬂﬁ?ﬁﬁﬂéxgh) éh?\ f’é%‘ 5@ nmeans of providing a

plurality of series circuits each conS|st|ng of a first i npedance,

transm ssion.gate and _a _second |€q? nce. as. dep cted:?1 ure é

series circui?snﬁél et P Eéh?ﬁ*%ﬁl%ﬁr %Utf%g? i b ?sﬁi?eand

12 of anplif iten:m:rmaﬁmrs :mpaeﬂatﬂme troe o f 2 gwedéd;mréef nahht t panspeganae

across the in term.n d 12 of, thi nppt _anplifier to,_matc

di fferent chglggue‘?eéeﬁll%q gﬁ’c%‘%r%? 31 ahsPE s Bhe I?‘?’rbté'i‘?& 3Nt figh

case, the trampédﬁﬁdﬁ1h¥ﬁ¢¥nﬂ6.sﬁaﬁ@chImGGIGQr to lower the capacitive
load on transmission lines 31 and 32, additional transmission
gates (not shown in the Figures) can be pfovided between
amplifier input terminal 11 and first impedance R21 or R22
and furthermore between second impedance R12 or R22 and
amplifier input terminal 12. These additional transmission
gates can be controlled such that if no termination is
desired, these additional transmission gates (not shown) take
the high impedance blocking state and otherwise the low

impedance transmission state.

Fig. 5 shows a foufth embodiment'of a line termination
impedance means .according to the present invention. According
to this embodiment, a series coqnection of three impedances
R31, R32 and R33 is provided_. Each of these impedances has a
transmission gate T31, T32land T33, respectively, connected
in parallel. For reasons of simplicity the control terminals
of T31 to T33 are not shown in Fig. 5. This embodiment allows
adjusting the line termination impedance between conductors
31 and 32 of the.transmission line by means of shorting out
selected impedances among the plurality of impedances R31 to
R33_connected_in series. Similar to the previous embodiments
additionalstransmission gates (not shown) may be provided

between amplifier input terminal 11 and said series



circuit allow selecting particular series connections of inpedances R11,
R12 to bg, ted in parallel such that the resulting i npedance of this ,
par al | el conﬁgﬁﬁlon i s adj ustabl e according to need. gB@ﬁ@?M@E?SQ

PCT/ EP97/ 02351 Figure 3 shows a second enbodi nent of a |line.
termnation i npedance neans accordingtéo the present invention. Sinmlar to
t he enbodi nent depicted in Figure 2, also the second enbodi nent conprises a
series connection of a first inpedance R11l, a transmission gate Tl and a

second ddmwb@m%ﬂd batﬁeéﬁr aﬁ mﬂew Engﬁtngeﬁﬂﬂﬂﬁit ¢¢ ?ﬁaoéalhhe | nput
termnals 11 and 12 of input fier. f erence nunera 31 and 32

agaln(ﬁﬁﬁﬁ%?t?@?%%ﬁﬁb@?orénoPrgeFrﬁﬂsﬁ4§§Woﬁ°F|ﬁéségﬁﬁéétééntgfthhelnput

t er m nalrt ilde anthd 2t etmaARtibheimpedhAca@dfdbhhgnat 95t BES%SH‘EM s shown in
Figure 2, the second enbodi mnent conprises .a first pair of transm ssion

gates Tll T12, a second pair of transm ssion gates T13, T14 and a third
pair ofrg rﬁ&é&%oa‘lﬂéﬁeﬁoﬂ?ﬁ-t?%@ t&éﬂlﬂse%ﬁs 2 1081 EPLat 8oH g@l Tor

controllln%-the transm ssi on sta

ine impedance termlnatlon means of F1g 5 has the
central transmission gate T32 replaced by a line termlnatlon
impedance circuit 2 shown in Fig. 3 or by a llne termination

impedance circuit shown in Flg 4,

By means of connecting a plurality of circuits examples of
which are described in connection with Figures 2, 3, 4 and 5,
in parallel and across the input terminals il and 12 of
amplifier 1, it is possible to configure the termination
impedance across the input'terminals 11'aﬁd€12 of the input
amplifier 1 and the common mode termination'impedances across
each of the input terminals 11, 12 and the desired
termination potential)'respectively,'to match different
characteristic impedances of the employed tiansmission line
31, 32. By means of appropriately selecting: the transmission
state of the transmission gates available in the circuit
‘resulting from said parallel connection, the value of the
symmetrical termination impedance and/or the value of the
respective common mode termination impedahces can be adjusted
according to need by means of'effectiVelyicpnnecting_an
appropriate number of impedances in parallel. If a plurality
of cifcuits according to any of the embodiments previously
described are connected in parallel, it might be advisable to
provide additional'transmission'gates in series with this
parallel connection at both ends of this parallel connection
in order to reduce the capacitive load on ‘the transmission

line 31, 32 by means of switching these additional



transm ssion gates T1l and T12. Cl12 denotes a control termnal for
control I ing swavw4zmMotr ansm ssion gates T13 and T14, and Cl3 decTEP97/02351
control termnal for controlling the transm ssion state of transm ssion
gates T15 and T16. The transm ssion gates pgelonging to the sanme pair always
take the same transm ssion state determ ned by the signal applied to the

correspondi ng control term nal. The first transm ssion gate T11l of the
first pair is connected betgeen,that tegntnal of i dance ﬁﬁ%%gnch i S
connect ed t FE3RFRIFSLPBNIBEEE B, 2aRdIPHAMREFRRCSe =l ¢ et hit

VSS. The secodémii@fsohsatedsgalengs23ef BRe ikl delsipaid drs mamnasddd
~between that term nal R11 which is connected to transm ssion gate T1 and
termnal VSS. The first transm ssion gate T13 of the second pair of

transni ssi oncqRt£S1i BegRNAatsed1t andhal 1t ecI2paic1y ofeantan GeiRl 2i mpédinds
connected to transm ssion %ate Tl and the, positive power_ supply VDD., The
second transFeERIRALEARCMEERS P CRB DE SApodied as iHRpL guration

PCT/EP97/02%§ﬂns of the integrated circuit inclﬁaing the line receiver
circuit of the present invention. Alternatively and more
preferably, a logic circuit can be provided for driving
control terminals Cl, C11, C12, C13 depending on the logical
state of input terminals of the logic circuit such that
erroneous combinations of transmission states of the _
transmission gates of the_respective pairs of transmission
gates are excluded. In this way,.the number of configuration
pins required for_settiﬁg up the_liné termination impedance
means 2 can be reduced and a déstruction of the integrated
circuit due to ﬁalconfigurétion can be avoided. This logic
circuit can also control said'édditibnai tréﬁsmiésion_gates

not shown in the Figures, if prpvided.

The logic circuit_may:receiﬁe binary information on the
termination valué.and binary information on the termination
type. Termihatibn types may include no termination, i.e. very
high termination impedance values épprbximating infinity,
floating parallel (symmetrical) termination, common mode

- termination to VSS, VT or VﬁD_and Y-termination to VSS, VT or
VDD.

‘As an alternative to controlling said logic circuit via
external control terminals for inputting information on the
termination impedande values and the termination type, it is
possiblé,tO-progfam thé_transmissioﬁ state of each of the
transmission gates when désigning or manufacturing an

integrated circuit including a line receiver circuit



pair of transm ssion gates is connected between that term nal of inpedance
R11 mhigp s connected with transm ssion gate Tl and power supply term nal-.
vDD. Th&¥PPH4%™ ; ansni ssion gate T15 of the third pair ofl"t—'f’ﬁlﬁg i on
gates is connected between that term nal of inpedance Rl1 that is connected
to transm ssion gate T1, and a term nali8vT for applying an external voltage
potential. The second transm ssion gate T16 of the third pair is connected
between that term nal of inpedance R12 that is connected to transm ssion
gate Tl kdrdindato SECHNFe ir ~allows that the |ine

i mpedance _t er ni na(?i on\gr%%nps;%%\ﬁﬁe con?%%?fe?f%g?%wm%t‘éa% takeety of

di ff er enP13fRPWMEIDM A sERsRs | | beser Dopenihiay mask here@rammingi gpal s
applied to control termnals Cl, Cll, Cl2 and Cl13, it is possible to
configure the line receiver circuit incorporating the line termnation

i npedanc¥AREAVEL! & IRORfEwh Ciendott ean Heorprey deditfc sctsyrary! i cal

transm sgidgGmdd i JFToTgun ¥ ol ol omnon_ npde, term nation of each
of the conduct ol?g\g 3‘%@3%r5§ﬂ%gﬁaﬂﬁsﬁn%%%enw&?%%@ PR 4e v et®over
suppl y p&eBREngateon Praceswlng gy dat jmmnee rarsify \tapetithate VSS or to
an ar bi t &\ 4SJH ' e )| 4 ta termnal VI. Also, this

enbodi nent ralallt(;ﬁv?/sﬂsl’tqﬁ%aﬁﬂr;bo_]}/?e&r m na%&g:lnl%s,%%eafﬁ%m@ﬁ dhrig RIERKES pl ace
at all. theopatdme meantrpla cirmeit imet incneis s8i extddim) HaNSFfdSsd on
gate Tl i-ggsQQRly,0lled to be in a |ow inpedance transm ssion

Figure 6a shows'the symbol uSed for depicting a transmission
gate of the present invention. A transmis#ion gate comprises
two transmission terminals a, b as well as a control terminal’
c. Depending on thé'Signal applied to control'terminal c,
with respect to terminals a and b the transmission gate takes
a lbﬁ impedance transmission state or a high impedance
bloéking state. Figure 6b shows an embodiment of the
transmission gate of Figure 6a. ACcording.to this embodiment
the transmission gate comprises an NMOS transistor TR1 as
well as a PMOS transistor TR2, the channels of thé NMOS
transistor TRl and the PMOS transistor TR2 being connected in
parallel between terminals a and b of the transmission gate.
INV denotes an inverter the output.of'which'is connected with
the gate of PMOS transistor TR2. A control voltage at
terminal ¢ is applied to the.gate of NMOS transistor TRi.as
well as to the input of inverter INV.

If the voltage applied to control terminal c is low, at or
‘close to potential VSS, NMOS transistor TR1 is in a
nonconducting state as long as neither the potential of
terminal a nor the potential of terminal b is lower than the
potential of terminal c minus the threshold voltage of TR1.
Moreover, the gate of PMOS transistor TR2 is at high




state while all other transm ssion gates depicted in Figure 3 are
control |l ed t wbe7izv3e hi gh i npedance bl ocki ng state. For provi BCREPS7/62351T0N
node term nation of the conductors 31, 32 with respect to the positive
power supply potential VDD, transm ssion ggapes T13 and T14 are controlled
to take a | ow i npedance transm ssion state while all ‘other-transm.ssio

-,

WO 97/ 42739 : PCT/ EP97/ 02352 i i

13 gates depjcted in Figure 3 are.co Il ed to take a high: ippedanc

bl ocki ng sta?g{.:en%lllaia (OBmPon SHOFE +& S{D{Pgti otfo'ctgth%lu% ¥ "B‘ig?é%-‘-'«ﬁffﬁr
respect to tpNvpegachvehaewalssouppliys iadisdoVIRN2 swikljubéein a non-
transm ssion gat.es,T1l1l and,T12 ar.e contrmééﬁhfo t.ake a |l ow. i

. pedapce .
{r anem soi onCORHBELHAR BUAtE AohdPT b HUSRS e Rtk oh Freminad
are control | adnbg talke pathinglialmedaraminaic b ngi séait sbové Bheogave node
term nation of ,condquctor , 32 wi,th respect a vol tage_p, nti al
di f f erent f r BRLOBSLG: @ ST!%é d’éﬂ‘\sr e t ﬁ%ﬁs‘bﬂ%@gﬁr‘a@iﬁ#ﬁg an
appropri ate xekb2@gngayg! iifs teaierilet is kept low the circuit depicted
in Figure 6b will maintain a non-conducting high impedance
state'between terminals a and b as long as the potentials of

_terminals a and b remain within the limits just mentioned.

I1f the potential at terminal ¢ is raised up to VDD or close
to VDD, the gate of NMOS transistor TRl receives high
potential while due to the inverter INV the gate of PMOS
transistor TR2 reéeives:low voitage. Accordingly, NMOS
transistor TRl will conduct as'long as that terminal of
terminals a, b which has the lower potential, has a potential
lower than the potential at control terninal c by the
threshold voltage of TR1. PMOS transistor TR2 takes a
conducting state as long as the higher potential of the
potentials at terminals a, b is by the threshold voltage of
TR2 higher than the gate voltage of PMOS transistor TR2 which
is at or close to VSS. Accordingly, if a high potential is
applied to control terminal c, the circuit of Figure 6éb takes
a low impedance transmission stéte between terminals a and b
regardless the potential at terminals a and b, this rendering

the circuit of Figure 6b_suitable for floating operation.



between termnal VT and e.g. VSS, and all transm ssion gates except T15 and
T16 are &Br;t,k%#ed to take a high inpedance bl ocking state while T15 and
T16 are controlled to take a | ow i npedance transmni ssi on sRGHEPI7TO23§1 g
symmetrical term nation of conductors 31, 32 and at the sane tinme, a conmobn

nmode ter ni pation—ef -{.-:-;H 31, 320is desired, i if a Y-type
t er m natli sHEEﬁﬁhﬁr' ssion line is desired, transm ssion ga T—may
j oW i npedance transm ssion Smtﬂad;e@m heysanme

be cont rjol | edREPLACED n_a

time, i : - a common node term nation to VDD i

transm ssion gates T13 and T14 can be controlled to ! edance
transm ssion state. Simlarly, if a Y-type termnation wth'r to VT

i s desired, transm ssion gates ﬂ;teﬂgft¥§$h§16 are controlled to take a | ow
| npedance transm ssion state T  transm ssion gates are in a

bl ocking state. If a Y-term nation with respect VSS is desired,

transm ssion gates T1, T11l and T12 are in a |l ow i npedance state while al
other transm ssion gates are in a blocking state. For each kind of

Y-t er nitnalil®® LZACSHMAT i SRGUithpIRRRIELFSYY RS2, RS3 can be provided acting
as source - WD 97/42739 :

PCT/ EP97/ 02351

an integrated input amplifier circuit (1) having a
non-inverting input terminal (11) and an inverting
input terminal {12) for connection with a
transmission line (31, 32);

- line termination impedance means (2) for
terminating the characteristic impedance of said
transmission line (31,32);

wherein

- the input amplifier circuit (1} and said line
termination impedance means (2) are integrated on a

common semiconductor substrate.

2. Line receiver circuit according to claim 1,

wherein said line termination impedahce means (2) comprises
- a plurality of impedance circuits (R); and

- at least one transmission gate circuit (T), each
having a pair of transmission terminals (a,b) and
being controllable to take between said
transmission terminals (a,b) a low impedance
transmission state or a high impedance blocking
state;

* ¢ L B 0§ ‘& .




14 | npedance for the conmmon node term nation voltage, as shown in Fig. 3.
O course, awo9T43y8 term nation of transm ssion |ines 31 and BQT/ERSTA238I0
be obtairned W ThH transmi ssion gate Tl being in a blocking state. In this
VE L RE urrent driving abilityypf transm ssion gates Tll to T16

i gher, and accordingly, the size of thESﬁﬁsr T N
@} 0 be larger-than in the case, that for |a -t¥ _

ransm ssion gate T1 is controlled to tdke.a GRedanc
transm ssion state. Fig. 4 depicts a third enbodi nent of a line .
term nation inpedance s@bdspaaealiitpgolfo inpedaheseriircniest i(R). ahd said
enbodi nent differs fron1t£§ e Odingnt shoqwn .in Fig. 3.in that in;%ggd of a
singl e transnission gatt ¥828bnABE LYPEPREEAOPNFRESENCALREE 4T NG
series connection of tiwtérapafieetednstighethi?l aAndmpbddanteCvaNee! &F said
bet ween i npedances R21_and R22. Mboreover, | | ace of the pair of _
transm ssion gates T11}1Rgotermip Féopréﬂ§ﬁ3§§F@nm§éP§ 28 pe Fenkredded n
pl ace of a pair of traggnhésh8nofiatentrbllihydsaid Ag echs@nsmessi on gate
T23 is provided. In place of ,a pair of transm ssion gates T15, T16 a single
transmi ssion gate T24 F5apFBiSaean BaLR SAXCMddsni ssion gates T23 to T25
has one of its transm ssion term nals connected to that transm ssion
term nal of T21 which is _connected to a transm ssion terninal of T22, as -

shown in the3tibhire. repeiderofi&ftitoRIBTBMe HE Hidid drbodi ment are
simlar to WoRk-828 B8eR dene’ tReshiMdtion impedance means (2) comprises

- a series connection of an impedance circuit
(R11,R12) and a first transmission gate circuit
(T1) ;

- said series connection being connected across said
input terminals (11,12) of said input amplifier

circuit (1).

4. Line receiver circuit according to claim 3, wherein said

series connection comprises

- a first impedance (R11;R21;R31) having one of its
terminals connected with one (1l1) of the input
terminals of said input amplifier circuit and
having its othgf terminal connected to one terminal
of said first trénsmission gate circuit (T1;T2;T3);

- a sécond impedance (R12;R22;R32) héving one of its
terminals connected with the other input terminal
(12) of said input amplifier circuit (1) and having
its other terminal éonnected to the other terminal
of said first transmission gate circuit (T1;T2;T3).

* c L ] S *



regard to the second enbodi nent. Regarding the first, second and the
third enbodinent it is to be noted, that both the inpedances R11l, R12, R21
and R22h4H¥ | npedances RS1, RS2, RS3 need not be preXSHERIHOBEhar at e
conponents on thée sem conductor chip but can be effected by nmeans of

desi gni ng~the respective transm ssi on2gates such WO 97/ 42739

PCT/ EP97/02351 .- =i 15 that in their respective
| ow_i npedance transmiission states they have a desired transnmi ssion

i npedance. Wien using field effect transistors for designing the

transm ssion gates, the desired transnssion i npedance can e.g. be obtained
by suit8bl hinesrgaehyernsicruitercgossdngy to glaiz 4.emhargirorsaid

transm $$i,Qn4Li s ~32 1B 1RE el I o atda@i + § ance neans 2 is
desired?Egglt%?ﬁ%ﬁ%&%?ﬁb%ﬁégggécyegﬁngdq?g Hﬁﬁ%ﬁi; , 3 or 4 are switched
into a high inpedance bl ocking state. In order to | ower the capacitive |oad

on transmssion | Lnggc3iaaedaneni3ddbh gaRk LE2RATESTHa;T14)

connected between said one terminal of said first

transmission gate circuit (T1) and one (VDD;VSS) of
the power supply terminals of the line receiver

circuit; and

- a third transmission gate circuit (T13;T11)
connected between said other terminal of said first
transmission gate Circuit (T1l) and said one
(VDD;VSS) of the power supply terminals of the line :

receiver circuit.

6. Line receiver circuit according to claim 4, wherein said

line termination impedance means comprises

- a fourth transmissionlgate'circuit'(T15) connected
between said one terminal of said first
transmission gate circuit (T1l) and a terminal (VT)

for applying an external termination voltage; and

- a fifth transmission gate circuit (T16) connected
between said other terminal of said first
transmission gate circuit (Tl) and said terminal
(VT) for applying an external termination voltage.

7. Line receiver circuit according to claim 2,

wherein said line termination impedance means (2) comprises

e e L M8 ox



gates.(not shown in the Figures) can be provided between anplifier input
termnal 11 MGIMRIB?® | npedance R21 or R22 and furthernore bet ree/mEPIRERSH
i npedance R12 or R22 and anplifier input termnal 12. These additi onal
transm ssion gates can be controlled such thgat if no termnation is
desired, these additional transmission gates (not shown) take the high
inpedance bl ocking state and otherw se the | ow i npedance transm ssion
state. Fig. 5 shows a fourth enmbodi nent of _a |jne %ern1n tion inpedance

means according to t he 2p &8RS (FRAARTOIPR REF dFr e oL iPedanGBodRidhe , 2a

series connection of tlyieth redswioss B, g4t ﬁnﬂlﬁﬁaal§e@éﬂthded . Each

of these inpedances hag a transnissio e 131, nd T33, respectively,
connected in parallel. %ﬁ q@?n%?%% t@n REER | imRedpRges of

T31 to T33 are not showmzz),ﬁahdfi 'Thls enbodi ment al l ows adjusting the
| ine term nation inpedance between conductors 31 and 32 of the transm ssion
| ine by means of shorting out selected inpedances anong the plurality of

i npedances R31 t0-R33 eonrEYHh itrHEShPSsich NGaed P23erPsLVi OHS of its
embodi ments additional transnissjon gates (not shown) nay be prOV|d ed

between anplifier inputtie&Shifsiion termindls eing Conneged 7wibhisaid
PCT/ EP97/ 02351 sixth transmission gate (T21l) and said seventh

transmission gate (T22), the other of its

. transmission terminals being connected to one of
the power supply terminals (VSS, VDD) of the line
receiver circuit.

8. Line receiver circuit according to claim 7,

wherein said line termination impedance means (2) comprises

- a ninth transmission gate (T24), one of its
transmission terminals being connected with said
sixth transmission gate (T21) and said seventh
transmission gate (T22), the other of its
transmission terminals being connected to a
terminal (VT) for applying an external termination
voltage.

2. Line receiver circuit according to claim 2,

wherein said line impedance termination means (2) comprises

- a series connection of a plurality of impedances
{R31, R32, R33);

- at least one of said impedances (R31, R32, R33)
having a transmission gate (T31, T32, T33)

connected in parallel.

A



16 connection and between anplifier input termnal 12 and said series |
connection, in order to allow for disconnection of the entire |ine

term naWP(?W"?"ﬁﬁedance means 2 if desired. In order to %‘FT’BW’]’“&?SIY-'[)/DG
termnation, a nodification of the line inpedance term nati on neans of Fig.
5 has the central transnission gate 232 replaced by a line ternination

i npedance circuit 2 shown in Fig. 3 or by a line term nation inpedance

circuit showmn in Fig. 4. By nmeans of connecting a plurality of circuits
exanpl es of which are described in connection with Figures 2, 3, 4 and 5,
in parallel and across the input termnpals 11 and 12 of anplifier 1, it is

possi bA® -t &idenfeRRiFeh s AT I ER RN R HseLaims i 4pt® Perni nal s
11 and,j2Qfig he input anplifier 1 and the common node term nation

i npedances across each of the input termnals 11, 12 and the desired

term nation potential, respectively, to match different characteristic

| npedances of th%a%ﬂo'%%x&i@l%ﬂ U iRt (P2, s of
appropriately selecting the transmssion state of .the transm ssion gates

avai | abl e in t hepeinaddial reesmestipr v amiNrghanne e MRTFERCETRY, the val ue

of the synnetric@niegnggﬁééyéirgggﬁg@e( or the val ue of the respective
‘common node termnation | npedances can. be adjusted according to need by

means of effectively connecting an
- the gate of said N-channel MOSFET (TR1l) being

connected to receive a transmission control signal
(C1) and the gate of said P-channel MOSFET (TR2)
being connected to receive said inverted

transmission control signal.

11. Line receiver circuit according to any of claims 2 to 10,

comprising

- a plurality of line termination impedance means (2)
connected in parallel between said input terminals

(11,12) of said input amplifier circuit (1).




appropri ate nunber of inpedances in parallel. If a plurality of CIrCUI;S
accordi ng t Gy@®yusPBe t he enbodi nents previously described are RO

parallel, it mght be advisable to provide additional transntsS|on gates in
series with this paral | el connection at botz ends of this parallel
connection in order to reduce the capaciti oad on the transntsS|%p l'ine
31, 32 by neans of SMAtChlng these addi ti onal WO 97/ 42739 1]

PCT/ EP97/ 02351 g 17 _transmssion es.lhL.a
hi gh i npedance bl ocki ng state iT"no termnagion across lines 31, 32 is
desired or required. Control tegrmnals Clland Clﬂ Cl2, C13 of efch line

| npedance term nation neans 2 c lbe enbodi Bd as
of the integrated circyit including the Ilnb regeiver pircuit
present invention. Alté&rnatively and nore ptete ably, E log{c

be provided for driving control term rrﬁp gi, Cl1, C12
the logical state of input termnals o hegl ogifc circpit such

erroneous conbi nati ons t s off the tfansm ss
the respective pairs transm ¢gsi on 2‘2
32 J
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gates are excluded. In this way, the nunber of confi guratl on pins requrred
for setting up the line term nation inpedance neans 2 carpd@esexased and a
dest r uctW@AR7&¥3? he i nt egrated circuit due to malconfiguration can be

avoided. This logic circuit can al so cont roI sai d additional transm ssion

gates not shown in the Figures, if pr%w The logic circuit may
receive binary information on the ter A |on val ue and binary information
on the ternmination type. Term nation types may i nclude no termnation, i.e.
very high term nation inpedance valdies apgroximating infinity, floating
parallel (symretrical) term nationl’u node termnation to VSS, VT or
VDD and Y-term natio3jto VSS, VT or V As an alternatij]Je to controlling
said logic circuit viajexternal control termnalsfor inputting information
on the term nati drmrpedancervalues—amd te arTomrtype—Tt s

possi bl e t o programg-hle=t=+-ansnt '-e-n-st-a-t-e-of—-eeeh—ef-t-he-t—r—qnsm ssion

- gates when desi gni nq qiziran acturi n int egrahgci circuit igncluding a

| ine receiver circui .ﬂ 97/ 427 _ ]
PCT/ EP97/ 02351 , | Voo !
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18 slaccor di to the present invention. Progranm ng can take place by
means of fusdg%*%83$ bur ni ng, . mask programm ng etc. Mor eov PCT/EPIZ/0285K Ol
circuit can be provided for actively adjusting the term nation inpedance
to a desired value, to conpensate for ppocessing variations and/ or
tenperature variations and/or power supl&avariations. For this purpose
the active control circuit may include an external reference resistor.
Figure 6a shows the synbol used for depicting a transm ssion gate of the
present invention. A transm ssion gate conprises two transm ssion
termnals a, b as well as a control termnal c: Depending on the signal
appl-ied to control termnal c, wth respect to termnals a and b the
transm ssion gate takes a |ow i npedance transm ssion state or a high

i npedance bl ocking state. Figure 6b shows an enbodi nent of the

transm ssion gate of Figure 6a. According to this enbodi nent the

transm ssion gate conprises an NMOS transistor TRL as well as a PMOS
transi stor TR2, the channels of the NMOS transistor TRL and the PMOS
transi stor TR2 being connected in paralle| between termnals a and b of
the transm ssion gate. [|INV denotes an i _vprgrerﬁth out put of which is
connected with the gate of PMOS transistor ¥R2. control voltage at
terminal c is applied to the gate of NMOS transistor TRl as

I
‘:l‘:k

INV



well as to the I nput of inverter |NV. If the vol tage applied to control
cislow at or close to potential VSS, NMOS transister TRL is in,

ter m nal

a . nonconducting state as long as neither the potential of -termimal a‘ndr..”

the potential of ternminal b is lower than the potential ofi.terminal® c ..
‘m nus the threshold voltage of TR1L. Nbreover,

TR2 is at high. WD 97/ 42739
PCT/ EP97/ 02351 _ 19 potential (on or close
to VDD) chmaWQ)Q?%ﬂ%ﬂﬁQtﬁﬂTﬁEPgﬂ%ﬂz3ﬁll NV, such that alsootbni Qnﬁnﬁhstor

term nal

Cormnal 5 o R O e o, N ool e Mo 2eb ba%hnt ol

of TR2 plus the threshold voltage of TR2. Accordlngly, i f terninal cis

kept low the circuit depicted in WO |diBi{E ai n a non-conducting
hi gh i npedance state between termnals a and b as ong as the potentials of
termnals a and b remain within the I|n1ts just nentioned.

The present invention concerns a line receiver circuit that
can be electrically coﬁnected to a transmission line, for
receiving information transmitted via the transmission line
in the form of digital electrical signals. A line receivef
circuit according to the preamble of claim 1 is known from
IBM Technical Disclosure Bulletin, vol. 38, no. 2, February
1995, Armonte US, pages 4823-4825, |

At present, a variety of concepts for digital logic circuits
and digital signalling between circuits is khpwn.

Early concepts are DTL (Diode-Transistor Logic), TTL

(Transistor-Transistor . Logic) and ECL (Emitter Coupled
Logic), which concepts aré used within digital logic circuits
as well as for digital signallihg between circuits or circuit
boards. |

. Concepts designed for transmission of digital data with a

high data rate preferably employ differential transmission
and reception of digital data, using a pair of signalling
wires. DPECL (Differential Positive Emitter Coupled Logic),
LVDS . (Low- Voltage Differential Signalling)' and GLVDS
(Grounded Low Voltage Differential Signalling) are examples

of signalling concepts which use differential signalling.

Differential signalling enables keeping the differential

voltage across the pair of signalling wires low as due to the

differential concept spurious voltage drops across a ground
line connecting the transmitter with the receiver will not
adversely affect the quality of data transmission. Low

AMENDED SHEET
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If the potential at terminal c is raised up to VDD or close to VDD, the
gate of NMOS transistor TRl receives high potenti al while due to_the =

- * v

i nverter INV the gate of PMOS transistor TR2 receives Iom1yo|tag¢°" v s "1

Accordingly, NMOS transistor TRL will conguct as |long as that terninal of

termnals a, b which has.the | ower potential, has a potential |ower than
‘the potential at control termnal c by the threshold vol tage of TR1. PMOS
-transistor TR2 takes a conducting state as |long as the higher potential of

t he pot ent i dlif ferendrigilnalsdgaalling byolhegehr eéhol tuvnl t kgep of tH&R2 duowgrer

than the gatt%a}a%%ﬁ%aof oS &5@%1:3%@@5& Whi Sl rh 5 84 o R fix?é§ R@h%fﬁ%

Accordingly, hi_gh potenti al led to control term nal
circuit of rieggonabl & AM@EtE | ow i npedance transni ssion state betmeen
termnals a and b regardless the potential at termnals a and b, this

rendering the it of F| re 6b suitable_f fl t
PCT/ EP97/g oz?&fﬁ’m g%avﬁ’e’f “ncreasm”g} C?B‘Pé&%rl&ﬁ?/ ﬁ%‘%’ n&ia‘gg ﬂaiﬁ]’é%}%@ét

L M Erlcssonlong w1mmya29ap1898ncrease of the scale of integration and
operating speed, the number of signal channels between
respective circuit components and accordingly, the pin number
of the integrated ciréuits'increases correspondingly. Space
on the surface of printed circuits boards for accommodating
components and wiring ‘between the componehts and/or the
periphery is precious and rare.

Moreover, for a variety of different reasons a complex system

often employs different signalling schemes for different

parts. When cqnsidering all differential signalling concepts

presently available, signalling voltages span from slightly

below 0 volt up to more than 4 volt. As a consequence, it is

not p0551ble to connect an output of a circuit conformlng to

one partlcular dlfferentlal signalling concept with the input

of another circuit conforming to a different signalling

concept. Accordingly, a complex circuit design must either

stick to a specific signalling concept or must include means

for translating-between the different signalling levels. The

first alternative has the drawback that future developments

lack flexibility ‘while the latter alternative requires.
additional space and power not related to the core functions
of the systen.
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New Clains 1,2 1. Line receiver circuit, conprising an

integrated input anplifier circuit (1) having a : -non-+-nverting
input termnal (11) and an inverting - i nput ternhnal (i?) ﬂonu'-f
connection with a transm ssion line (31, 32)i ~ase  “os” “es” | jepees”
term nation inpedance neans (2) for term nating the
characteristic inpedance of said , transm ssion line (31, 32);
wherein the input anplifier circuit (1) and said

2a

From US 5,396,028 an apparatus for transmission line
termination is known. According to this document,
transmission line termination is achieved by means of a
transmission gate consisting of a PMOS transistor an a NMOS
Transistor each having a resistor connected in series. The
resulting structures are connected in parallel. The
transmission gate is wused for adjusting the termination
impedance across the two transmission line conductors in an
analog fashion. To this end a prec1510n re51stance control

circuit is requlred

- The present invention aims at solving the above mentioned
- problems. It is the object of the invention, to make digital
- high speed signalling as simple, space and cost efficient as

possible.

AMENDED 7HEZT



|l ine termnation inpedance means (2) are integrated - on a common

sem conduct or substrate; characterized by ..~ . sard ine; -, -,
term nation i npedance neans (2) conprising a seres; copnection -,
of a plurality of Jinmpedances (R31, R32; R33): -r*s ss o e e
2 at | east one of said inpedances (R31, R32, R33)
havi ng a transm ssion gate (T31, T32, T33) ’ connected in parallel

3

This object. is solved as defined in claim 1. Embodiments of
the invention are defined in the dependent claims.

According to the present invention, it is the intégratéd line
receiver circuit that does not only perform the regeneration
of the signals recelved via the transm1551on line but also
prov1des for proper termination of the transmission line by
means of including termination 1mpedance means on the chip of
the . integrated line receiver circuit. Of course, the
integrated line receiver circuit including the integrated
termination impedance means can be integrated on the same
chip as other circuitry dedicated to proceSsing the received
information. '

The line receiver circuit according to the present invention
allows connecting the transmission line directly to the input
‘pins of an intégrated circuit receiving _data via the
transmission line, without the need of providing for proper
termination of the transmission line. Accordingly, no extra
space on the prihted circuit board is required for components
terminating the transmission line. In this way it is possible
to connect a large number of signal channels to a large

AMENDED SHEET



each transnission gate conprising a parallel : connection of an

N-channel MOSFET (TR1) and a P- channel MOSFET (TR2); .- e an
t he gate. of said N-channel MOSFET (TR1) being . connecfed L0, Teed T
receive a transm ssion control signal (C1) and. t he.gate’ 0f." sai.d *.."
P- channel MOSFET (TR2) . bei ng connected to receive said inverted
transm ssion control signal. 2. Line receiver circuit according to claim
1, conprising a plurality of line term nation inpedance neans
(2) connected in parallel betwgen said input termnals

11,12) of said in ifier r
(_ ) : nuﬁg [gg 1£ght ﬁfhscincglt Séé and cost efficient way The

present invention makes use of the fact that modern digital
differential signalling  concepts employ low signalling
voltage differences in the range of e.g. 0,2 Volt such that
the terminatioﬁ impedances do not dissipate much power and
hence can be integrated on the semiconductor substrate of the
line receiver circuit without occupying much space.
Integrating the line termination impedance means and the
input amplifier on the same chip has the additional advantage
that spurious resonances that might arise from a series
connection of inductive compohents of bond wires and the
capacitances of the input terminals of amplifier, can be
damped very efficiently such that the stability of the whole
circuit design is 1mproved

In order to avoid that means for translating between
different signalling levels are necessary in mixed systems
employing a variety of different digital signalling schemes,
the termination means connected across the input terminals of
the input amplifier circuit eah be kept floating, i.e. do not
require a predetermined common mode voltage for proper
operation but are able to operate over a sufficiently large
common mode voltage'range, e.g. slightly below ground level
up to Slithly above the level of the power supply voltage of
the line receiver Circuit..If the input amplifier circuit is
provided with a correspondingly large common mode voltage
range, the line receiver circuits can be connected to any
sender and will work properly as long as the common mode
voltage on the transmission line, as far as determined by_the
sender, is within the common mode operating voltage range of
the input amplifier circuit and the termination impedance
means.
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WD 97/ 42739 PCT/ EP97/ 02351 _
22 5. Line receiver circuit according to claln14, wherein said.line, ,.
‘term nation i npedance nmeans (2) conprises - .. a secand trahsm.ssion.”
gate circuit (T12;T14) connect ed bet ween sai d one:,ter i nal,” of ,s4ald*
first ' transm ssion gate circuit - (T1l) and one (VDD; VSS) of

t he power supply terminals of the |ine receiver circuit; and
athird transm ssion gate circuit (T13;T11) connect ed between said
cother termnal of said first tra@snission gate circuit (T1) and
‘said one - (VDD, VSS) of the power sSupply termnals of the |ine

recei ver ciMoyepver,6. ini merdereibger copecuvitaccbrfifianento chairmcteniisériei n

-said line teppbRahic-eR '6@9€§%§mﬂ§§f§n09mébse%he line recedvbEPUtiBcuit

transnlsS|on gate -circuit (T15) connected
includes a plurality of impedance circuits and at least one
transmission gate circuit controllable to be in a low
impedanbé -transmission state’ or a high impedance blocking
state, séid plurality of impedance circuits and said at least
one transmission gate circuit being interconnected such that
an impedance value of said line termination impedance'means
can be controlled by means of éontrolling said at least one -
tranémission-gate circuit. The termination impedance means
comprises a plurality of impedance means connected in series,
each impedance means having a transmission gate connected in
parallel such that by appropriately selecting a -transmission
state or blocking state of each of these transmission gates,
the overall impedance of the series circuit can be adjusted
accbrdlng to need. The termination impédance means’ 1is
advantageous in that an unwanted capacitance resultlng from

the termlnatlon means can be kept small.



bet ween said one termnal of said first transm ssion gate circuit

(F1) and a termnal (V) for applying an external termnation. .,
vol t age; and a fifth transm ssion gate circuit (T16) :¢annetied,,’
bet ween said other termnal of said first . transnissiontgare .. *.*
circuit (T1) and said termnal - ~ (VT) for applying an externa

‘term nation voltage. 7. Line receiver circuit according to claim2
‘wherein said line term nation inpedance neans (2) conprises WO

97/ 42739 : 6 PCT/ EP97/ 02351

23 . a series connection of a third i npedance (R21),

sixth transm ssion gate (T21), a seventh transm ssi on gate (T22)

and a fourtirHdpedanetission statB22)f @uth transmissidf eggbéh can be
transnissio%éﬁ%ééfﬂ§§ JEQ) aongeg£eé Pve control terminal for each
transmission gate. If a plurality of similar 1line receiver
circuits for a plurality of signal channels is provided on a
common semiconductor chip, the corresponding control
terminals of corresponding_transmission gate circuits can be

connected together. The control terminals of the line

0T



transm ssion termnals being connected with said : si xth

transm ssion gate (T21) and said seventh transm ssion gate (T22)
the other of its transm ssion termnals bei ng connecteg tQ ore: ¢f,
t he power supply terminals (VSS, VDD) of the line rrecei ver e
circuit. 8. Line receiver circuit according to claim?7, wherein said |line
term nation inpedance neans (2) conprises a nienth transm ssion
gate (T24), one of its transm ssion term nals being connected
with said si xth transni ssion gat®e (T21) and said seventh

-transm ssion gate (T22), the other of its ' transm ssion termnals
bei ng connécted to a termnal (VT) for applylng an externa

terninationreceiver cotcaie. cap. biene ecenrtakedci feui dedde@tdidhg input
claim2, whes 'ﬂg%ﬂactﬂdmg;riﬁ@eéfnes ity ﬂ;aaslé,%)lcc@wme@ ‘that

a series comnection of ural it i npedanc ;
at’ | east on@&ﬂiqggcP$%%%%%n@ésC¥R3¥u4%%YeFBQTblnatlonS of transm1551on

states of the transmission gates of each line receiver
circuit.

In the following, embodiments of the present invention will
be described 1in greater detail with reference to the
accompanying drawings. ' ’

Figure 1 shows an overall block diagram of an embodiment of
. a line receiver circuit according to the present

invention;

Figure 2 shows a first embodiment of a line termination
impedance means;

Figure 3 shows a second embodiment of a line termination
impedance means of the present invention;

Figure 4 shows a third embodiment of a 1line termination
impedance means of the present invention;

Figure 5 shows a fourth embodiment of a line termination
' impedance means of the present invention;

Figure 6a éhows the symbol used for depicting a transmission
_gate; and

Figure 6b shows a s¢hematic diagram of an embodiment of a-
' transmission gate according to the invention.
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haV|ng a transm ssion gate (T31, T32, T33) ' connected in papalle

WO 97/ 42739 PCT/ EP97/ 02351 ST
24 10. Line receiver circuit according to any of clains 2 to 9, mherern°g
each transm ssion gate circuit (T1l) conprises a paraIIeI o YO v
connection of an N-channel MOSFET (TR1) and a P-channel MOSFET
(TR2); the gate of said N-channel MOSFET (TR1) being
connected to receive a transm ssion control signal (Cl) and the
gate of saJcb@TpmpgmﬁbzggiyﬁﬂbigEﬁQ bei ng 7gogRgchedkl,A receive
said inverted transn155|on control signal.

Telefonaktiebolaget L M Ericsson ' May 29, 1998

New Claims 1,2

1. Line receiver circuit, comprising

- an integrated input amplifier circuit (1) having a
non-inverting input terminal (11) and an inverting
input terminal (12) for connection with a

transmission line (31, 32);

- line termination impedance means (2) for
terminating the characteristic impedance of said

transmission line (31,32);

- wherein the input amplifier circuit (1) and said
line termination impedance means (2) are integrated

on a common semiconductor substrate;
characterized by
- said line termination impedance means (2)

comprising a series connection of a plurality of

impedances (R31, R32, R33);

A



11. Line recefver circuit according to any of clainms 2 to 10, conprising

a'plurality of line term nation inpedance neans (2) . .- connected.t™n,"",
paral | el between said input termnals (11, 12) of said-input * *°I,°,
amplifier circuit (1). ' ' e

- at lgaét one of said impedances (R31, R32, R33)
‘having a transmission gate (T31, T32, T33)

connected in parallel;

-  each transmission gate comprising a parallel
connection of an N-channel MOSFET (TR1l) and a P-
channel MOSFET (TR2);

- the gate of said N-channel MOSFET (TR1) being
connected to receive a transmission control signal
(C1) and the gate of said P-channel MOSFET (TR2)
being connected to receive said inverted

transmission control signal.
'2. Line receiver circuit according to claim 1, comprising
- a plurality'of line termination impedance means (2)

connected in parallel between said input terminals

(11,12) of said input amplifier circuit (1) .
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