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ABSTRACT OF THE DISCILOSURE

The invention includes a terminating circuit or network
which is connected to a signal transmission medium in the
form of one or two conductors or lines on which information-
carrying signals in the form of voltage pulses can be
transmitted, and an impedance-matching circuit connected to
the conductor or conductors. The circuit includes a mean
voltage value forming unit which produces a mean voltage
value, a control unit which produces adapted reference
voltage value, and an inmpedance-matching transistor which is
included in said impedance-matching circuit, wherein said
voltage value and said reference voltage value are added
together to form a composite control voltage which is applied
to the gate-connection of the impedance matching transistor.
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Description

TECHNICAL FIELD

The present 1nvention relates to a terminating circuit and
then particularly, but not exclusively, to a terminating-
circult related coupling arrangement for achieving impedence
matching which is controlled and chosen according to the
application in guestion.

Systems for transmitting information-carrying signals over a
signal transmission medium, such as physical conductors or
lines, for instance, often require transmitter-related and/or
recelver-related impedence matching, which impedence matching
will preferably have at least one resistance-dominated

lmpedence value adapted to the impedance of the signal

transmission medium.

Although the main application of the invention is found in a
transmitter-related and/or a receiver-related impedance-
matching terminating-circuit related coupling arrangement, it
1s thought that the most frequent application will be one in
which the coupling arrangement is coupled upstream of a

signal-receiving and signal-processing unit.

Consequently, the following description is simplified to
include only this latter application of the invention, and
the person skilled in this art will be well aware of the
conditions and prerequisites required to implement the
inventive coupling arrangement in a signal-transmitting unit,

particularly on the basis of the teachings provided in the

following description.
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Thus, the present invention pertains to a terminating-circuit
related coupling arrangement which, related to the signal
transmission medium, may be coupled upstream of a signal-
receliver and signal-processing unit, said unit being

connected to a single transmission medium conductor and to a

reference potential in the case of "single-ended" signalling,

and to two transmission medium conductors in the case of

"differential" signalling.

As the person skilled in this art will be aware, the
difference between single-ended signalling and differential
signalling is that in the former case an information-carrying
signal occurs as voltage pulses on one conductor and in the
latter case as voltage pulses between two conductors which
are counter-directed so that when a high voltage pulse occurs
on one conductor a low voltage pulse will occur on the other

conductor, and vice versa.

The invention has been devised for inclusion in a signal-
transmission system, and then particularly in a system for

transmitting a digital information-related signal structure.

In such systems, i1t is desired to be able to balance-out a
transmitter impedance and/or a receiver impedance which
exhibits pronounced resistive properties against the
impedance value of the signal-transmitting medium, so as to
improve signal transmission quality and to reduce otherwise
occurring signal reflections at the ends of the transmission

medium.

The terminating-circuit related coupling arrangement adapted

for a signal-receiving and signal-processing unit in
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accordance with the invention is particularly suitable for

application in a differential signalling system, in which
oppositely directed voltage values on the conductors
alternate between two chosen signal voltage levels, a low

voltage level and a high voltage level.

The inventive coupling arrangement is also adapted to enable
1t to be incorporated in an integrated circuit and it shall
be possible to form the chosen circuit solution via a
selected conductor pattern for using metal layers, applied to
a selected base matrix (base bar) so as to form a circuit
macro, such as an I/0 macro (input and output circuits for

the integrated circuit).

It 1s considered particularly beneficial to construct the
inventive coupling arrangement so that it can be implemented
by using a standardized basic chip having a centrally
orientated gate ocean with the input and outputs that belong
to the coupling devices including PMOS transistors and NMOS

transistors, among other things.

When such a basic chip is provided with a chosen number of
metal layers, via which layers the requisite coupling

arrangement 1s formed, there is constructed a gate matrix

having functionally complete I/O circuits or like edge-

orientated circuits.

Also provided are edge-orientated bond pads for connection,
2.g. bonding, to components of the gate matrix or to external
components, such as resistors, conductors and the like,

2ither directly or through the medium of a capsule.
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Normally, an input circuit (I-circuit) is allocated one
ponding or connecting island and an output circuit (O-
circult) 1is allocated one bonding or connecting island.
Although one bonding island is sufficient for single-ended
signalling, two bonding islands are required for each circuit

in the case of differential signalling.

DESCRIPTION OF THE BACKGROUND ART

Several different designs of terminating-circuit related
coupling arrangements intended for the above application are

known to the art, as are also different circuit solutions.

Thus, 1t 1s known to connect resistive elements (resistances)
whose allocated resistance values correspond to an impedance

value, nominally 50 ohms, allocated to a used conductor or to
a used transmission medium, between conductor and earth

potential or some other reference.

With regard to the application with which the invention is
associated, it is known that NMOS transistors and PMOS
transistors can be controlled with a gate voltage whose value
1s such that the drain-source path of the transistor will
exhibit a pronounced resistive property, a property which is
utilized by the inventive terminating-circuit related

coupling arrangement.

It 1s also known to use NMOS transistors and PMOS transistors
1n providing for necessary circuit solutions for the signal -
Cransmitting and/or the signal-receiving unit where these are

structured within the I/O circuits for the integrated
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clrcults used.

It 1s also known to choose the circuit solutions for the
signal-transmitting and/or signal-receiving units used so

that said units will be able to transmit and receilve

information-carrying signal pulses which have a signal

structure 1n which the bit rate can reach to the CGHz range.

When the circuit couplings or switches used are comprised of
NMOS transistors and/or PMOS transistors and components that
are formed in the basic chip and/or discrete components, it

18 also known that the properties of these circuit couplings
will be highly dependent on the instantaneous system voltage

level and that these properties are influenced markedly by

variations in this voltage level.

It 1s also known that the properties of these circuit

couplings are temperature-dependent.

SUMMARY OF THE INVENTION

TECHNICAL PROBLEMS

When considering the earlier standpoint of techniques as
described above, it will be seen that a technical problem is
one of providing a terminating-circuit related coupling
arrangement which, formed in a gate matrix, can utilize
avallable transistors and provide good matching to the
1mpedance value of the transmission medium, essentially

independently of changed properties of remailning circuit

couplings, such as those that are influenced by system
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voltage variations, temperature variations and the like.

Another technical problem in the case of terminating-circuit
related coupling arrangements of this kind is one of
providing both dynamic and static compensation for the

influence of changed properties that will be effective in

practice.

Another technical problem associated with such coupling
arrangements and such applications within integrated circuits
1s one of providing an active and floating terminating

circult with automatic compensation to a chosen nominal value

when properties change.

Another technical problem is one of realizing the conditions
that are required to obtain automatic compensation via

voltage matching to the gate connection of a transistor used
in the coupling arrangement, and therewith change the working

point of the transistor, both dynamically and statically.

Another technical problem is one of realizing that requisite

voltage matching requires access to a reference voltage and a
mean voltage value formed by the signal structure of the

pulses for requisite information transmission.

A further technical problem is one of realizing the measures

that need to be taken in order to readily obtain access to

-he voltage levels which when added would provide requisite

natching of the impedance value to a nominal value and which
shall be delivered to the transistor gate-connection

lunctioning as a terminating load.
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It 1s, besides this, a technical problem to provide the
conditions required to form a terminating-circuit related

coupling arrangement of this kind through simple coupling

technical means with the basis of a standardized gate matrix.

Another technical problem is one of realizing the

significance of using as a gate voltage of a transistor which
serves as a terminating load a variable reference voltage

which 1s generated externally of the circuit and which
functions as a control voltage, wherein the value of the
reference voltage 1s made dependent on current temperature
and 1ndependent of variations in the value of the static
supply voltage and momentary slow changes in the supply
voltage, etc., and allowing the reference voltage added to a
mean voltage value generated externally of the circuit to act
on the gate connection of the transistor (the transistors)
included in the terminating circuit so as to be able to
control and adapt the resistance-dominating value of the

terminating impedance to a circuit-related nominal value.

It will also be seen that a technical problem resides in
providing an impedance matching net or circuit which can be
connected to a signal-receiving circuit that has a wide
working range, therewith enabling the terminating network-

related coupling arrangement to provide impedance matching to

a nominal i1mpedance value even when the mean level of the

information-carrying signal varies widely, and to enable

reception of information-carrying signals.

Another technical problem is one of realizing the conditions

that are required in order to provide compensation for
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transistor-related "body-effects".

In this regard, a technical problem resides in the ability to

realize that this compensation can be achieved by amplifying

solely said mean value voltage and adding said voltage to the
reference voltage prior to delivering this composite voltage

to the gate connection.

Another technical problem is one of being able to create with
the transistors and/or the components available in I/0O macro
circuits conditions for applying inter alia the mean voltage

value to the gate connection via an SC-technique (Switch

Capacitor technique).

Another technical problem is one of creating through the
medium of SC technology conditions which will enable voltage
from which the mean value is formed voltage to be given a
value which is amplified in relation to the mean value and
which 1s adapted to compensate for the drop in voltage caused
by parasitic capacitances and the voltage increase required

Lo compensate for the "body-effect".

It will also be seen that a technical problem is one of
achieving such compensation and dynamic matching by virtue of
a controllable voltage value of the gate connection of a
transistor associated with the impedance network in respect
of transistor which influences the terminating impedance
peing able to create an active terminating impedance, and to

Oobserve that said transistor has capacitive properties, and

therewith to utilize these properties so as to enable the

gate-related voltage value to be stored directly in one or
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more of the transistors that exhibit terminating impedance

and that belong to the terminating circuit.

Another technical problem is one of creating via transistor
control a terminating impedance value which is stable and at
least essentially independent of voltage changes in the
system voltage and which can be controlled by temperature
variations, and also in realizing that there is reguired-in
this regard effective disturbance insulation from other
circuits, which can be implemented by filtering the reference

signal through a lowpass filter in the close location of the

terminating circuit.

Another technical problem is one of being able to create a
terminating-circuit related coupling arrangement of simple

and robust construction which is able to operate with SC

technology while using transistor couplings and/or component

couplings in the I/0 surfaces of the IC circuits used.

It will also be seen that a technical problem is one of
realizing the significance of creating conditions such that
the SC-technique applied will be operated directly by an

lncoming data stream, meaning that the I/0 macro circuit need

not be controlled by separately generated clock pulses.

It will also be seen that a further technical problem is one
of realizing the conditions for and the necessity of adapting
utilized analog amplifier couplings and/or the SC-technique
SO as to be able to vary a controlled gate voltage for
utilized transistor-containing terminating circuits even

extending an own supply voltage.
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Another technical problem is one of realizing the conditions
for and the significance of incorporating such an SC-
technique with simple means in an existing gate array
structure (GA structure) with only slightly impaired
properties with regard to the accuracy of the terminating

impedance with varying terminating potentials and/or signal

mean values.

Another technical problem is one of providing a terminating-
circuit related coupling arrangement of the aforesaid kind

which 1s not only of simple construction but also power lean.

Another technical problem is one of providing a terminating
circuit which can be used in a signal-receiving unit and
which offers a wide working range, where a utilized actively
matchable transistor-allocated terminating circuit is able to
operate i1ndependently of the construction of the transmitter
and/or receiver, and therewith enable the transmitter and/or
the receiver to respond to signal variations from slightly
below 0-level and up to slightly more than half the supply
voltage, with the aid of NMOS-transistors.

It will also be seen that a technical problem resides in
realizing that a wide working range of the aforesaid nature
enables one and the same NMOS-transistor loaded terminating
circult to be used to terminate information-carrying

signalling systems that have different CM-regions for the

signal-receiving circuit.

Another technical problem is one of realizing the conditions

required to obtain an accurate transistor-allocated




10

15

20

25

30

CA 02205893 2000-10-05

11

terminating circuit, where practical tests indicate that a
tolerance better than .+-.5% within a relatively wide working

range lies within the scope of these possibilities.

It will also be seen that a further technical problem is one
of providing a receiver-related terminating circuit which can
be made floating, deactivated from or connected to a fixed
voltage while nevertheless providing active matching

requlsite herefor.

Another technical problem is one of realizing the measures
that are required to create conditions such that when a
signal-receiving unit is structured with NMOS-elements, a
matching reference voltage generating circuit will also be
structured with NMOS-elements, and that when the terminating
circult uses NMOS-elements, the signal-receiving unit will be
able to cover a voltage-wise related "lower window", ranging
from slightly above half the supply voltage to slightly

beneath 0-level.

It will also be seen that a problem resides in realizing
those measures that are required to create conditions such
that when the signal-receiving unit is structured with PMOS-
elements, a matching reference voltage-generating circuit
will also be structured with PMOS-elements and that when the
terminating circuit uses PMOS-elements, the signal-receiving
unit will be able to cover a voltage-wise related "upper
window", ranging from slightly beneath half the voltage
supply to slightly above the supply voltage.

Still another technical problem resides in the abllity to
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Create conditions such that a terminating-circuit related

coupling arrangement structured, inter alia, from NMOS-

elements and PMOS-elements will be capable of being connected
to said lines or conductors and to activate a selected
coupling arrangement and deactivate the other coupling
arrangement with the aid of an externally generated
activating signal, so that one and the same terminated
CLransmitter-loaded or receiver-loaded I/0 circuit is able to
selectively cover a selected part of the supply window

through the medium of said activating signal.

In addition, it will be seen that a technical problem resides
in the ability of creating with the aid of simple means
conditions whereby a matched transistor-loaded Cerminating
circult can be deactivated, either completely or partially,
by means of a selected control voltage value (goes to zero),
1.e. can be switched to a state of high impedance, and
therewith create conditions for deactivating, or disabling,

the terminating circuit in bus and transceiver applications.

Another technical problem is one of realizing the advantages
assoclated with the fact that termination is most ideal at

low signal levels.

SOLUTION

With the intention of solving one or more of the aforesaid

technical problems, the present invention takes as its
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transmission medium, such as one or two lines or conductors
on which information-carrying signals in the form of voltage

pulses can be transmitted.

In accordance with the present invention, a transistor which
has the impedance of the terminating circuit and which is
included in the coupling arrangement has applied to its gate
connection a composite voltage value, through the medium of a
unit which forms the voltage mean value of the information-
carrying signals and a controlled reference voltage value
generated by a control unit, these voltage values being added

together to form said composite voltage value.

In accordance with proposed embodiments that lie within the |
scope of the inventive concept, the voltage value applied to
salid gate connection consists in a pure addition of a voltage
value from the voltage mean-value forming unit and a
reference voltage level generated by a control unit or

control circuit.

The voltage value applied to the gate connection will
preferably be slightly raised so as to compensate for

transistor-related body-effects, among other things.

According to the invention, the voltage mean-value forming
unit 1s comprised of an impedance matched component which is
connected to said transmission medium, i.e. its conductors,
which 1s also connected to represent a mean value formed by

occurrent voltage pulses.
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According to one embodiment of the invention, the formed mean
voltage value 1s applied to a switching circuit which in a
first state applies said voltage to said gate connection via
a capacitor and a further switching circuit belonging to the
first-mentioned circuit, and in a second state releases said
voltage and said gate connection and connects an earth-
potential related reference level with the control wvoltage
Jenerated by said control unit via the capacitor in said

clrcult.

It 1s also proposed that the reference voltage is chosen

beneath a selected system-related supply voltage.

It also proposed that the unit which forms the mean voltage
value 1s comprised of two series-connected transistors in the
terminating circult connected between said two conductors or
lines, the common junction point of these transistors being

connected to a conductor so as to form a mean value voltage.

It 1s also proposed that the two gate connections of the
series-connected transistors are mutually connected with a
jgate connection of a further transistor connected between the

conductors.

In accordance with one embodiment of the i1invention,
compensation for a shift in the working point of a transistor
or a shift in a terminating point relative to earth potential
1s achieved by adapting the level of the voltage occurring on
the gate connection or on the substrate gate of the

transistors included i1n the terminating circuit.
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The invention enables this compensation to be made dynamic,

to the extent that impedance matching will take place even in

the case of mean level changes in signals that are faster
than the changes that the control and addition circuits are

capable of following.
It 1s also possible in accordance with the invention for the
voltage on the gate connection to be made higher than the own

voltage supply, through the medium of an SC-technique.

In addition, the invention enables a terminating-circuit

related coupling arrangement to be completely flcocating,

deactivated or related to a fixed voltage.

The 1nvention also enables the creation of conditions for
selectively covering lower and upper windows allocated to the
transmitter and/or receiver, by choosing NMOS- and PMOS-

transistors for different terminating circuits.

The invention also provides the possibility of switching the
transistors belonging to the terminating circuit to a state
Oof high impedance in response to an externally generated

activating signal.

capacitors and which is capable of being activated and
deactivated by switching circuits such as to raise the

voltage value to be applied to the gate connections above the

voltage value of the control signal.




10

15

20

25

30

CA 02205893 2000-10-05

16

In this regard, the formed mean voltage value is applied to a

further switch so that in one state of the switch said

voltage value can be caused to build-up the potential in the

further capacitor.

In accordance with one embodiment of the invention, the

further capacitor is connected to earth potential when said

further switch is in a second state.

ADVANTAGES

Those advantages primarily characteristic of an inventive
terminating-circuit related coupling arrangement adapted,
among otner things, to a signal-receiving and signal
drocessing unit in accordance with the present invention
reside 1n the creation of conditions for constructing an
ictlive transistor-related terminating circuit having
automatic compensation of the working point of an impedance-
determining terminating transistor, by creating through the
nmedium of a mean-voltage forming unit a voltage value which
can be applied to the gate connection or connections of the
Lerminating transistor or transistors, either directly or
when added to a reference voltage generated by a control
clrcult, and therewith cause the resistance-dominating
.mpedance value of the terminating transistor to change to a

selected nominal terminating value, essentially i1ndependently

of the terminating voltage.
Therefore, in accordance with the present invention there is

provided a terminating circuit connected to a signal

transmission medium including one or two conductors on which
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information-carrying signals are transmitted as voltage
pulses, and an impedance-matching circuit connected to said
conductor or conductors, comprising: a mean voltage value-
forming unit which generates a mean voltage value; a control
unit which generates an adapted reference voltage value; and
an impedance-matching circuit, wherein said mean voltage
value and said adapted reference voltage value are added
together to form a composite control voltage which is applied

CO a gate-connection of said 1mpedence-matching transistor.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be described in more detail with
reference to embodiments that are at present preferred and
that have features significant of the present 1nvention, and

also with reference to the accompanying drawings, in which

FIG. 1 18 a schematic illustration of the principle

construction of a terminating-circuit related coupling

and also shows the addition of two voltage values, i1.e. a
voltage value representative of a reference signal and a

voltage value formed by a mean value generated by a signal

structure;

*I1G. 2 1s a circuit diagram l1llustrating a second embodiment

which, with SC-technique, forms a circuit arrangement

according to FIG. 1, although with the difference that the

imean-value forming unit and the terminating circuit are

-ntegrated;
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FIG. 3 1s a circult diagram illustrating a third embodiment
>f a circuit arrangement according to FIGS. 1 and 2 with

regard to the mean-value forming unit and the terminating

ciycult;

FIG. 4 1llustrates 1n principle an embodiment of a control
init which functions, among other things, to generate a
—emperature-compensation control voltage value and a voltage
value (reference voltage) which 1s kept constant when the

supply voltage varies;

~*IG. 5 1llustrates a more detailled coupling circuit forming

csart of an 1nventive embodiment according to FIG. 3;

FIG. 6 1llustrates schematically the principle construction
>f a terminating-circuit related coupling arrangement,
similar to the embodiment of FIG. 1 but with analog
amplification of the mean voltage value formed by the signal
structure, to make compensation for the body-effect, among

>ther things, possible;

FIG. 7 illustrates part of a circult arrangement which 1is
supplementary to the embodiments of FIGS. 2 or 3, such as to

o>rovide a fourth circuilt arrangement having elevated control

voltage for compensating for body-effects and parasitic

capacitances;

FIG. 8 is a time diagram which illustrates sequential
activation of the electrical contact devices present in the

switching circuits shown in FIGS. 3 and 7;

NN B o s s o ——— —— A “E N SN .




10

15

20

25

30

CA 02205893 2000-10-05

19

*1G. 9 1llustrates single-ended signalling with a floating

and deactivated termination;

~IG. 10 1llustrates single-ended signalling with a fixed

_cermination in relation to a fixed voltage;

FIG. 11 i1llustrates differential signalling with a floating

cermination;

FIG. 12 illustrates differential signalling with a floating

termination that 1i1s deactivated;

FIG. 13 illustrates differential signalling with fixed

termination in relation a circuilt which generates a fixed

voltage;

FIG. 14 shows graphs relating to NMOS-transistor

characteristics;

FIG. 15 illustrates the function of the impedance wvariation
in respect of voltage variations and with a constant gate

voltage in accordance with known conditions;

FIG. 16 illustrates a corresponding function in accordance

with the invention with a full-line curve 1llustrating the

FIG. 1 embodiment and with two broken-line curves

illustrating the FIG. 6 embodiment; and

FIG. 17 illustrates the use of two terminating circuits that

can be activated by an activating signal.
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*IG. 1 thus 1llustrates a terminating-circuilt related

~oupling arrangement which 1s connected upstream of a signal-

recelving M and signal-processing unit 1.

[n the 1llustrated differential signal transmission system,

coth a terminating cilrcuit or network 4 and a receiver 1 are

~onnected to two lines or conductors 2, 3, which are 1included

in a signal transmission medium and are capable of

cransmitting information-carrying signals 1n the form of

voltage pulses.

#IG. 1 is intended to illustrate that an impedance-matching
~ircuit 4a belonging to the terminating circult or network 1s
~onnected directly to the two conductors 2, 3 and 1s adapted
-0 exhibit a resistance-dominated impedance value (say 50
>hms) , which corresponds to an impedance value of the
-ransmission medium (the conductors 2, 3) on which the

information-carrying signals are transmitted.

Although not shown in detail, the conductors 2, 3 are

~onnected to a signal transmission circult S 1n a known

narnlnexr .

Jnder ideal conditions, which are assumed to prevail i1in the
following description, the output impedance of the
cransmitter (S) shall be allocated a value which corresponds
to the impedance value of the transmission medium (2, 3), and

an input impedance value allocated to the receiver (M).
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The impedance values of the transmitter (S) and the receiver

(M) are resistance-dominating values and 1t 1s assumed 1in the

‘ollowing that these values can be controlled so as to be

<ept constant among other things, irrespective of temperature

sariations, process parameters, etc.

[t is assumed in the following description that the chosen

10ominal vailue 1s 50 ohms.

Signal-transmission circuits and signal-receiving circuilts

and signal-processing circuits are known to the art and will

rot therefore be described in detaill here.

Jowever, it can be mentioned that in one application
according to the invention, these circuits are normally
formed with the aid of a plurality of transistor couplings

included in available transistors within the I/O macro range

of an IC circulit.

The illustrated inventive terminating-circuit related

coupling arrangement shall also use transistors, etc.,

available within the I/0O macro range.

FIG. 1 also illustrates a mean-voltage forming circuit 5,
such as to obtain on a line or conductor 20 a voltage value
(Vvm) which is represented by the mean value of those voltage
pulses that are generated by the information-carrying signals
generate over the conductors 2, 3. The voltage value Vm 1S

thus purely a mean value-formed voltage value.

In the case of differential signalling, the signal voltages
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will be stable, and with signal structures alternating

between 0 and 1 the mean value will be an exact mean value at

different high resistance values in the circuit coupling 5.

However, the i1nvention pertains to the evaluation and use of
the mean value given by momentary variations in signal
voltage, and it 1s assumed in the following that the mean
value will not be changed as a result of the signal structure
caused by varilations 1n transmitted pulse sequences at

relevant voltage levels.

In the case of single-ended signalling, it can be expected
that the signal structure caused by transmitted pulse
sequences 1s able to influence the format<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>