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(57) The invention relates to a connecting arrangement comprising a number of NMOS transistors that can be activated
or deactivated by means of a control voltage, serving as a control signal, connected to the gate terminals of transistors,
the circuit presenting resistive properties. The circuit 1s equipped with a signal recerver and 1t 1s regulated by an analog
control voltage. The control voltage 1s connected to one or several of a number of available control connections. Each
control connection 1s connected to the gate terminals of a group of transistors where the drain and source terminals are
connected to said conductors. The control voltage 1s selected so that the operating point of the transistors will be within,

or at least close to, the region where the transistor presents resistive properties.
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ABSTRACT OF THE DISCIOSURE

The 1nvention relates to a connecting arrangement
comprising a number of NMOS transistors that can be activated
or deactivated by méans of a control voltage, serving as a
control signal, connected to the gate terminals of
transistors, the circuit presenting resistive properties.

The circuit is equipped with a sighal receiver and 1t 1is
regulated by an analog control voltage. The control voltage
1s connected to one or several of a number of available
control connections. Each control connection is connected to
the gate terminals of a group of transistors where the drailn
and source terminals are connected to said conductors. The
control voltage 1s selected so that the operating point of
the transistors will be within, or at least close to, the

region where the transistor presents resistive properties.
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TITLE OF INVENTION: CONNECTING ARRANGEMENT

TECHNICAL FIELD

The invention relates generally to a connecting arrangement
and more specifically to such a connecting arrangement that
comprises a number of transistors that can be activated rand
deactivated by a control signal connected to the control
terminals of 'the transistors to form, by means of the
control signal, a circuit between two conductors with

resistive properties and values.

More specifically, this circuit presents.a resistance value

- that corresponds to the value cf the control signal, such as

a voltage value, 'by which a set resistance value can be
changed in dependence of a selected other voltage value with

an increasing resistance value corresponding to an

increasing voltage value.

. -
- *.
T & et
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When the expression "resistive properties" is Uused in the
following description and claims it will be understood that
this expression refers to not only purely resistive

properties but also substantially resistive properties.

It will further be understood that when the expression
"transistor" is used it refers, not only to a single
transistor, but also to one or several transistors connected
in parallel or series, or any other configuration of
transistors, which pre'sent functions and/or properties that

are similar to a single transistor.

The present invention is, more specifically, meant to be
used as a terminating impedance with resistive properties

belonging to a “signal receiving circuit, adapted to receive
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voltage pulses that appear on one or two conductors intended
to tranéfer signals. The bit-rate of the voltage pulses can
exceed 150 Mb/s. )
DESCRIPTION OF THE EARLIER KNOWN PRIOR ART
It is previously known, and it is within the characteristics
of transistors manufactured with CMOS technolégy, such as
NMOS transistors, that the drain-source section of these
transistors presents resistive properties, or substantially
resistive properties, within an initial voltage range of the
drain-source voltage (V,.) for various values of the gate-

source voltage (V. ), and it is thereby known to use this

property in various circuit connections.

It is thus previously known to use one or several
trans_istozjs. to form a ,ci.rCuit connected b_etweén two .
cohd'ucto'z.;s and pr-eéenting resistive propefties' and values,
where the current resistance value depends on the selected
voltagé value of a control signal connectable to the gate '
terminal(s) of the transistor(s).

It is further known that. signal receiving c:.z.%ﬁlts are
equipped with matching impedances, with .resistive
properties, to adapt the signalling acrqss"the signalling
conductors, wherein the resistance valué of the matching
impedance is adjustable to present a momentary resistance
value that correspon'ds to the momentary impedance conditi.ons

of the signal transmission.

Taking the measures and characteristics associated with the
present invention under consideration it can be mentioned

that it is previously known, through U.S. Patent No.

5,194,765, to control the matching impedance of a

transmitter digitally, with a control c¢ircuit intended for

this purpose.
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A paper by Knight et al., "A Self-Terminating Low-Voltage-
Swing CMOS Output Driver" IEEE Journal of Solid State

Circuits, vol. 23, pp. 457-464 (Apr. 1988_) describes a CMOS

circuit intended to generate a d:Lg:Ltal signal at an output
terminal that has a specific and controlled output

impedance.

The circuit arrangements described here are thus digitized

and transmitter related.

DISCLOSURE OF THE PRESENT INVENTION

TECHNICAL PROBLEMS
In v:l.ew of the known prior art, as described above, it ought
to be regarded as a technical problem to be able to create a
circuit which is equipped with a signal receiver that can be
regulated by an analog control voltage where the resistive
propert:n.es of the circuit can be varz.ed Wl‘thln certa::.n
limits by connecting one or several analog control signals

to one or several control terminals of one or several

transistors.

. [ . c.
- ‘ a
‘. (,,.

It is the a technical problem to be able to realize the
importance of connecting each and every. one of these control

signals to the gate terminals of a group of transistors

where the drain terminals and source. terminals of the
transistors are connected to two receiver-related signalling
conductors at the same time as the control signal, in the
form of a control voltage, is selected so that the operating
point of a transistor will be within, or at least close to,
the region where the transistor presents resistive

properties.

It must also be regarded as a technical problem to be able
to realize the importance of letting a first control
connection, intended for a first control signal, coact with

a first group of transistors, and a second control
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connection, intended for a second control signal, coact with
‘a second group of transistors, and so on, in order to

provide various combinations that will enlarge the available

-
-

region of resistive values.

It is a.further technical problem to be able to realize the
importance of selecting the number of transistors within a

first group to be different from the number of transistors

within a second group in order to further enlarge the -

10 available region of resistive values.

It must also be regarded as a technical problem to be able
to realize the importance that a connecting arrangement
presenting resistive properties of the above-described kind,
15 as receiver-related terminating resistances, will have '
~within a system intended to transfer informationfqarrying
signals with digital voltage pulses and high frequency and
with the selected transistors preferably being NMOS
tranéistors. -

20

.
v

There is also a technical problem in being able to realize

o

the advantages obtained with a connecting arrangement of the
above-described kind, when the circuit,icqpnected'between.
the two conductors, is intended tO“servé.éé a terminating
25 impedance with substantially resistive properties either
connected between the signalling conductors and a reference

potential (VT) or between the conductors.

There is, besides this, a technical problem to be able to
30 realize the advantages obtained by using a gate matrix and
an edge-related macro circuit from-a base-bar of a gate

matrix, to the terminating circuit.

There is further a technical problem to be able to realize

35 the advantages obtained by letting the second of the two

-‘-.“
4 -dy -
RN L‘ . .
. ,t:" %.- .
.
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conductors be a conductor that presents a voltage reference,
such as a conductor connected to ground potential. '

It must also be regarded as a technical problem“to form,
from a base-bar, with a thereto applied metal layer, a
circuit that is connectable as a receiver~reléted
terminating impedance, with resistive properties, within a
signal receiving unit, that can be used in "single-ended"
signalling and form active parallel terminating impedances
within a signal receiving unit adapted to "différential“

signalling.

1t must also be regarded as a technical problem to be able
to realize the importance of letting the control signal, or.
control signals, be controlled through specific connecting

means.

It should, besides this, be regarded as ‘a technical problem
to be‘able to create such conditions so that the connecting
means can be controlled to generate a digital- signal for set
resistance values and/or an analog signal fQ'SQlect any

resistance value within the. available resistance range.

It must also be regarded as a technical’problem to be able
to realize the importance of letting:- the connecting means be
a number of analog transmission gates, each and every one

controllable into an active or inactive state.

There is also a technical problem in being able to realize
the importance of that:thefanalog transmission gates should

be activated or deactivated by means of a signal inverting

circuit.

It must also be regarded as a technicéi problem to be able
To realize the importance and necessity of that an analog

transmission gate should be coordinated to a control

11111



WO 95/26076 . PCT/SE95/00279

10

15

20

25

30

35

2186109

- 6 -

- connection of a group'Of transistors, such as NMOS

transistors.

€,

There is also a technical problem_to-be able to realize the
advantages and the available resistance values that will be
providéd by letting a control voltage, passing through
respective analogue.txanSmissiongate be given digifised

voltage values or analogue voltage values.

It is, besides this, a technical problem to be able to
realize the importance of that certain group-related
transistors, such as NMOS transistors, should be selected
for digitized voltage values, and certain other group-
related transistors should be selected for analog voltage

values in order to create selected impedance or resistance

values.

It is a further technical problem to be able to realize the
importance of that a control connection should be given a

voltage value corresponding to a selected terminating

reference and regulated by a specifically constructed

‘e -
-y .
'.. .‘ ..

. -

regulating circuit. PR

There is, besides this, a technicél'proélem O be able to
create such conditions so that the selected transistors,
and/or transistor connections, can present a large region

with resistive properties and thereby a large regulating

area.

It 1s thereby a technical problems to be able to create such

conditions so that the voltage between the draln and source

terminals can be selected up to, or somewhat below 1,5 V.

It ought to, besides this, be regarded'as a technical
problemto create conditions so that a connection of various

selected resistance values, with resistance variations

“fa
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weighted in a unanimous way according to a digital series,
can be performed by means of a connection of one or several

selected groups of transistors. ' -

.( =

"It is a further technical problem to be able to realize the

possibilities that are provided as, besides this, an analog

control voltage can be selected in order to control

‘continuously the resistance variations to a selected value.

SOLUTION

.With the intention of providing one or more of the above-
stated needs, the invention provides a connecting
arrangement comprising a number of transistors that can be
activated and deactivated by a control voltage, serving as a
control signal, connected to the control terminals of the
transistors. In this way, a circuit connected betweén_two
cohductors is forrhed, wheie the circuit présents reSisti\fe
properties and values and is adapted to be used as a
terminéting impedance, having resistive properties, and
preferably related to a signal receiver and/or a signal

transmitter such that it can be regulated by .in each case,

A‘_“’..

an analog control voltage. .

According to one aspect of the invention, with such a

- connecting arrangement, the used anailog. control signal, in

the form of a control voltage, is connectable to one Or
several of a number of available control connections. Each
control connection is connected to the control terminals of
a group of transistors where the other terminals of the
transistors are connected to the conductors, and the control

voltage is selected so that the operating point of the

transistors will be within, or at least close %o, the region

where the transistor presents resistive properties.
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In one embodlment of the invention, the control terminal is

the gate terminal and the other terminals are to be: the

drain terminal and the source terminal of-a CMOS transn.stor.'

The control voltage is normally selected to be high within
the active region of the transistor and the voltage across
the drain and source terminals is selected to be low within

the active region of the transistor.

A first control connection coacts with a first group of
transistors, and a second control connection coacts with a

second group of transistors, and so on.

The number of transistors within the first group is selected
to be different from the number of transistors within

ancther group.

- The number and dimensioning of the transistors, such as NMOS

transistors, within available groups is selected between the
groups so that a connection of one or several selected
groups will be able to provide various res:Lstance values,
preferably with a resistance variation we:.ghted in a
unanimous way accordlng to a digital serxies, which in
combination with the analog control voltagé will permit
resistance values to be selected from a continuous

resistance variation.

One of the conductors may constitute a signalling conductor
for transferring digital information-carrying voltage
pulses, while the other of the two conductors may constitute

a conductor that presents a voltage reference, such as a

ground reference.

The circuit is connectable as the term.inating impedance,
with resistive or substantially resistive properties, of a

signal receiving unit adapted to "single-ended" signal-l"ing,

L J ’ ‘
sy
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or as the terminating impedance of a signal receiving unit
adapted to "differential" signalling.

ik

The control s:.gnal or control signals, appearing on one or

' several control connections, is/are controlled through

connecting means that are pre-connected to the circuit.

"Such connecting means can preferably be a number of analog

transmission gates that preferably can be activated and
deactivated by a control circuit, such as a signal inverting

circuit.

One analog transmission gate is coordinated to the

respective control connection of a group of transistors.

The control voltages of a number of selected analog
transmission gates can be given digitized voltage values or,

alternatively, analog voltage values.

A control connection can be given an analog voltage value

from a regulating circuit for genexrating a regulated control

voltage corresponding to a terminating reference.

The size of the transistor is selected in a way that
presents a large region with resistive properties and so
that the wvoltage across the drain and source terminals is

selected up to or below 1,5 V.

ADVANTAGES

The advantages primarily afforded by a connecting

arrangement and a circuit presenting resistive properties

and values according to the present invention are that it is

.possible to select, as a matching impedance in a signal

receiving and/or signal transmitting unit, a momentary
resistance value for the circuit depending on an analog

control signal, preferably in the form of a control wvoltage.
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It has further been found that a circuit of this kind
advantageously can be connected as the terminating
impedance, with resistive properties, of a signal receiving
unit, where the circuit can be integrated within a gate

matrix and that the circuit can be acquired and structured

through a configuration of the metal-layer positioned on a

base-bar and constituting an edge-related macro-surface.

The control signal and its connection to one or several
control connections is performed through connecting means
comprising a number of analog transmission gates, the
transmission gates also being formed through the

configuration of a metal-layer on a base-bar.

Therefore, according to this invention, a connecting
arrangement presenting resistive properties and values
comprises a plurality of transistor combinations connected
between two conductors. At least one first control signal
line (control connection), having an analog control voltage
is connected to a first group of transistors creating a
first transistor combination, wherein the first transistor
combination is activated or deactivated 1n response to an
analog control voltage on the first control signal line.

At least one second control signal line (control
connection), having an analog or digital control voltage 1is
connected to a second group of transistors creating at

least a second transistor combination, whereiln

P ISR L NP A M TSI L MR M de i e S L T e 3 i L e s s 2y 7 b AN i o PR S S LT FL MMM T A a s s
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the second transistor combination is activated or
deactivated in response to the analog or digital control
voltage. The analog control voltage and the analog or
digital control voltage provides an operating voltage point
of each transistor in the first and second transistor
combinations approximately within a region where the each
transistor in the first and second transistor combination

presents resistive properties.

BRIEF DESCRIPTION OF THE DRAWINGS

An exemplifying embodiment of a connecting arrangement with
a clrcult presenting resistive properties and values, and
an application thereof in a signal receiving circuit
intended for information carrying signals, will now be
described 1n more detail with reference to the accompanying

drawlings, 1n which:

Fig. 1 1llustrates, 1n horizontal view, a gate
matrix that the present connecting
arrangement advantageously can be built

into;

Fig. 2 l1llustrates a cross section through the gate

matrix, according to Fig. 1, to illustrate

BTN AN LT A Al e AN LA ALM LI N E ECHAMN A o IR T T 4 i s s sy e = Tt T T T e e e b bt e e e aveaddous Wil O LR MRS S0t T IR L M £ e 4 FAM AV s, ety
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the principal construction of a gate matrix
of this kind, with a base-bar and an
overlying metal layer; - -
illustrates a principal wire diagram of a

circuit that generates a control voltage;

illustrates in a simplified wiring diagram

one of several available signal receiving

circuits where the terminating load or
matching impedance of the circuit is to be
regulated and adapted according to the

present invention;

illustrates a more detailed wiring diagram of
a circuit, presenting resistive properties,
which is to be able to replace the
illustrated permanent terminating load or

matching impedance in Fig. "4;

* “-.
p ", .r"f
. o J

illustrates an exemplifying:éppodiment of
. NW"

connecting means intended to transfer one or

several analog and digital control signals;

illustrates characteristic graphs concerning f

" , N'\
."f"!.'“\"‘v\ .

NMOS transistors; and

illustrates the voltage/time diagram at
various resistance values acquired through
the transistor connections according to

Figs. 5 and 6.
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DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference to Fig. 1 a plane.View of a gate matrix 1, or

an integrated circuit, is illustrated.  This circuit

comprises a base-bar 20 and thereto applied metal layers,

- intended to form required connecting conductors between the

NMOS and PMOS transistors, resistances, etc., formed within
the base-bar. The base-bar 20 is formed so that during the
manufacturing process a gate sea 10 is formed with a central

position.

Other functional units 11, 12, 13, 14, such as memory units,
calculating circuits, processors and likewise, can also be
positioned within or around the gate sea 10, but these parts
are not further described since they are not an essential

part of the present invention.

A gate matrix 1, according to the embodiment illustrated in
Fig. 1, is equipped with a large number of edge related

connecting surfaces or pads (bond-pads), wﬁére-one of these,
given a position at the top left edge, has bggn numbered 15.

I
- Y -.'-Q‘ *
. M‘
T2
.

This bond-pad 15 is a part‘bf an-edge~reiéted circuit 16.

The circuit 16 is a control vdltage:generating circuit made
out of NMOS transistors and/or likewise, which is

illlustrated in Fig. 3.

The circuit 16 only has one connecting surface for an
external connection, which is the bond-pad 15, and this is

intended to conneCt to a selected reference resistance. The

reference resistance is connected with one connection to the

bond-pad 15, and the other connection is connected to a
circuit external ground potential or likewise (not
illustrated). '
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Next to the circuit 16 there are one or several I1/0
circuits, where a first of these has been given the number
17. - -

Each and every one of the I/0 circuits 17 can have one oOr
two bond-pads 17a,  17b for a signal receiving circuit and

for a signal transmitting circuit, intended to connect

external conductors (L1, L2).

The I/0 circuit 17 preseﬂts two external bond-pads 17a, 17b

intended to coact with one conductor each (L1, L2) for the
information-carrying signals and a "differential" signal

transmission.

Each and every such 1I/0 circuit can be equipped with

. required bond-pads (17a, 17b) for incoming information-

carrying signals and required bond-pads for outgoing

information-carrying signals.

These bond-pads will not be described 1in mqge‘detail since
the number of, and the positions of, theseﬁﬁéégfpads, and
the distribution of the bond-pads, is not a paft of the

present invention.

The basis of the invention is that an input-circuit, a
signal receiving circuit, is to be provided with wvarious

selected resistance values as terminating impedances.

The edge-related surface area belonging to the circuit 17
and the input circuit requires hereby the access of an

adjacent surface area 18, where the terminating impedance,

~according to Fig. 5, and the circuit 60 can be formed, which

- will be described in more detail in the following.

Fig. 2 illustrates a cross section of a gate matrix 1

comprising a base-bar 20 where, in a known way, a number of

.
.y, e
AN
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NMOS transistors, PMOS transistors, and other connecting

- elements required in a "standardized" or custom-designed

gate matrix are formed. .

" On top of the base-bar 20 there is a first metal layer 21

and a first isolating layer 22, a second metal layer 23 and

a second isolating layer 24, and yet a.third metal layer 25.

The metal layer 21 is'mainly intended to form the requiréd
connecting conductors between the used PMOS and/or NMOS
transistors in the base-bar 20 in order to create a

predetermined connection of these transistors.

The isolating layer 22 is intended to separate these

conductors from the second metal layer 23 that mainly is

intended to supply power to selected pcints aof metal lzaver

21.

The NMOS and PMOS transistors and required‘""connecting
conductors used by the circuit 16, intended among other
things for a used differential operational éfﬁﬁ‘%&fier, are
thus supplied by the basebar 20 of the g}ate maérix 1l and
the mechanical and electrical connections are mainly done
through the metal layer 21 but alsé thrc?uglfl the metal layer

23.

With this background the present invention will now be
illustrated.

The indicated circuit 16, according to Fig. 3, is thus

intended both to provide a resistance value, serving as a

reference, made out of a parallel connection of an external

reference resistance 35, connected betvgeen a bond-pad 16 and
ground potential, and an internal adjustable resistance 37,
and to provide an adjustable control voltage, or

insignificantly variable control voltage, that is to control

-"‘
P
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the momentary resistance value of an input impedance or

input resistance belonging to a signal receiving circuit 40

within a signal receiving unit in the I/O ~circu{.t 17.

" The control voltage is thus adjustable to provide the

resistive component of the input impedance with a value that

is appropriate for signalling matching. The control voltage

can thereby be considered as constant over short periods of

" time and variable over longer periods of time to be able to

compensate for slow trends, such as temperature variations.

The basis of the function of the circuit is that minor
variations of the control voltage insignificantly influence
variations of the resistance value of the matching circuit

that presents resistive properties and belongs to the signal

- receiving circuit.

A circuit 31 for generating a control voltage on conductor
30 comprises, according to Fig. 3, a differential
operational amplifier 32 having two input terminals 323, 32b

and one output terminal 32c. 6‘

- -l

The circuit 31 comprises also two current circuits 33, 34
(which can be resistances) serving as cfflrrént generators,
where one of these circuits 33 conducts a current through a
resistance 35, and preferably the circuit is externally

connected and serves as a reference, to ground potential 36.

The voltage "Ul" that appears across the resistance 35 is
connected to one input 32a of the two input terminals of the

operational amplifier 32.

The other circuit 34 of the two current circuits conducts a
current through an NMOS transistor 37 to ground potential,
and the wvoltage "U2" that 'appears across the drain and

source terminals of the NMOS transistor is connected to the
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other input terminal 32b.

The control voltage appears on the output terminal 32c of
the operational amplifier 32 and is connected, via a
conductor 37a, to-the gate terminal 37g of the NMOS

transistor 37.

Fig. 4 1is intended to illustrate a signal receiving unit 40,
belonging to ah. I/0 circuit 17, with a signal receiviné
circuit (not shown) to which the conductors L1, L2 are
connectable, each of the conductors having one bond-pad 17a,
17b. Voltage variations, representi.ng a digital
information-carrying signal, appear on the conductors, and

the conductors are both connected to a terminating load 41,

in the form of one NMOS transistor each 42, 43.

It should be noticed that in the embodiment illustrated in
Fig. 4, the received information-—carry'ir}g voltage pulses or
voltage variations can be of a very low "ft‘requency and
exhibit good quality reception and signal .processing.

- N
‘& --..'

An increase of the frequency up to the kilohertz (kHz) range
does not present any problems with required reception and

signal processing.

With a circuit according to the present -invention, however,
in a practical application, voltage pulses appear on the
conductors L1, L2 with a frequency from the megahertz (MHz)
range up to the gigahertz (GHz) range, as the invention is
applied according to a "differential" or "single-ended"

signalling systemn.

If a "single-ended” signalling system is used, one of the
conductors, say L2, is connected to a reference voltage or
simply just disconnected, and the NMOS transistor 43 can be

omitted.

‘2.



WO 95/26076 . PCT/SE95/00279

2186100

- 17 -

Fig. 4 illustrates the possibility to not only connect the
- control voltage 30’ to the terminating load 41 of: the I/0
circuit 17 but also to the terminating load 4la of an
adjacent I/‘O circuit, and so on, to further terminating
5 1oads, the further terminating loads not shown but
indicated.

These parallel-connected terminating loads can thus belong

to remaining I/0 circuits belonging to the shown gate matrix
10 1.

The generated and adjusted control voltage on conductor 30
also appears on the conductor 30‘, and the adjusted
resistance value of the NMOS transistor 37, in parallel with
15 the reference resistance 35, corresponds to a resistance
- value of the NMOS transistors 42, 43, which is controlled. by
the control voltage'30. ‘

The resistance values of the NMOS trans:fétors 42, 43 can

20 thus be regarded as replicas of the adjustéd resistance
value within the circuit 16. "'.;;m

1f the resistance values of the NMOS transistors 42, 43,

with a generated control voltage and a selected value of the

&

25 reference resistance 35, do not match the transmission media

(conductors L1, L2), then it is possible to achieve such a

match by changing the value of the reference resistance 35.

The ground potential or zero potential or selected
30 terminating voltage 36 (VT) of the circuit 31 is to be the

same as the corresponding potential of the circuit 41.

A connecting arrangement according to the present invention
can thus, in Fig. 3, replace the shov;m transistor 37 or, as

35 exemplified in the following description and illustrated in
Fig. 4, replace the shown transistor 42 and/or the
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transistor 43. A connecting arrangement according to the
present invention can also make use of the resistance "R1"
according to the illustration in Fig. 4.-

The connecting arrangement according to Fig. 5 comprises a
number of NMOS transistors, oriented in a row "N", where
each and every gate terminal of the transistors points to
the left while the drain and source terminals of the

transistors point to the right.

The latter are, according to the pattern illustrated in
Fig. 5, connected to a conductor "0O* presenting a voltage

reference (VT), normally in the form of a ground reference,

a signal conductor "L1", or a signal conductor "L2".

‘The voltage reference (VT) or terminating voltage can, as

illustrated, be zero-potential and/or ground potential, but

it can also be another, negative or positive, potential.

To simplify the following description it is:"assumed that the

'-; ke

reference potential is zero-potential. i
The NMOS transistors in Fig. 5 have been numbered NTS50 to
NT74 next to the gate terminal of each r¥espective

transistor. | ok

To be operated, the invention uses at least one analog
control signal that is connected to one or several control

connections numbered 51, 52, 53, 54.

Every control connection is connected to the .gate terminals
of a group of NMOS transistors, and the drairi ahd source
terminals of the transistors are connected to the
conductors L1, L2, and "0" respectively. The control
signal, in the form of a control voltage, and the remaining

parameters of the used transistors are selected to be

0“.
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within, or at least close to, the resistive region of the

drain-source section of the transistors.

- epgall

N 4

L 4

Fig. 5 illustrates thus that a first control connection 51

- coacts with a first group of transistors, where the group

NT54, NT55 is connected between the voltage reference
conductor "0" and the conductor Ll, and the group NTS51, NT58

is connected between the conductor "0" and the conductor L2.

A second control connection 52 coacts with a second group of

transistors, grouped one by one, and numbered NT50, NT52.

A third control connection 53 coacts with a third group of
transistors, which is a series connection of the transistors
NT56, NT57; NT60, NT61; NT64, NT65; and NT68, NT69, where
the pair-wisestransistors NT64, NT65 and NT60,,NT61'(and.f
NT53) are deactivated since the drain and source terminals

are connected to the conductor "0".

A fourth control connection 54 finally indicated by Fig. 5

coacts with a fourth group of transistors NfﬁéﬁﬁNTﬁB, NT66,
NT67: and NT70, NT71, NT72, -NT73. | |

The transistor NT74 is illustrated‘as di'sconnected.

The number of transistors within a first group, such as the
group related to the connection 51, is different from the
number of transistors within a second group, such as the
group related to the connection 52. The same applies also to

the transistors related to connections 53 and 54.

The embodiment shown in Fig. 5 indicates that the number of

NMOS transistors can be chosen to'be between % and 4

transistors.
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By % transistor is meant a series connection of two
transistors, andLby;2; 3, or 4 transistors is meant a
parallel connection of two, three, or four transistors.

It is-evident that the number and configuration of the used
group-related transistors provide a specific resistance
value depending on the selected voltage value of the

connections 51, 52, 53, 54.

The conductors constitute signalling conductors where
digital information in the form of voltage pulses is

transferred.

To be able to create conditions for a signal receiving

circuit to evaluate voltage pulses with a high rate, for

“instance more_thanLZOQ.Mb/s,-a.well-matched,impedance,is.

required, depending on the parameter variations of the so

called terminating resistances.

The circuit, according to the invention and.Figs. 5 and 6,
can advantageously be connected as a terminating impedance

in a signal receiving unit.

The circuit 50 can be used with “single%ended" signalling,
with one of the conductors (L1 or L2) Qénnected to a fixed
reference voltage or simply disconnected, or with
"differential" signalling according to the illustrated

wiring diagram in Fig. 5.

The required control signals, appearing as voltage values on
connections 51, 52, 53, 54, are adjusted with connecting

means 60 illustrated in Fig. 6.

The connecting means 60 comprises a number of analog

transmission gates 61, 62, 63, 64, each made out of one NMOS
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transistor and one PMOS transistor connected to each other

in parallel.

Each and every one of these analog transmission gates 61-64
can be activated or deactivated by a signal inverting
circuit 65 comprising one NMOS transistor and one PMOS

transistor connected to each other in series.

A high signal on conductor 66 to the inverting circuit 65
disconnects all the analog transmission gates 61-64, and a
low signal on conductor 66 connects the analog transmission
gates 61-64.

The potential of the signal connections 51-54 is connected
to the potential of the "0" conductor through the

. transistors 61la, 62a, 63a, 64a upon disconnection of . the

transmission gates.

An analog transmission gate 61 coacts wi%h a first control
connection 51 related to a f:.rst group of trans:.stors, a
second analog transmission gate 62 coacts Wlth a second
control connection 52 related to a second group of

transistors; and so on.

The control voltage belonging to the:analog transmission
gate 61 and appearing on the conductor 67 can be given a
digitized voltage value, which will result in the
transistors NT54, NTS55; NTS51, NTS58 present.ing a previously

determined resistance value.

If the control voltage belonging to the analog transmission
gate 61 is given analog voltage values, then the transistors
NT54, NTS55; NT51, NTS58 will present a resistance value

corresponding to the voltage value on the conductor 67.
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These conditions apply also to the analog transmissicn gate
62 with conductor 68, the transmission gate 63 with
conductor 69, and the transmission gate 64 with

conductor 70.

The exemplified embodiment illustrates that the voltage
value appearing on conductor 30" corresponds to a selected
terminating reference generated by the circuit 16

illustrated in Fig. 3.
It is obvious that digital or analog control voltages can be
connected to any of the transmission gates depending on set

requirements and provided possibilities.

The voltage variations on conductor 30’ can thus be

: connected to one or several of the conductors 67-70.

It can be advantageous to connect the vqltage variations on
conductor 30 tc one or several of the ccnductors 67-70
depending on used supply voltage, ‘or other parameters, in
order to thereby create a terminating res::.stance that is

adjustable to the present ‘conditions, such as temperature,

process parameters, supply voltage, etc.

The circuit 50 requires a macro area- of. its own, preferably
immediately adjacent to the macro area of the signal

receiving unit or the macro area of the circuit 16.

The number of transistors, or the gate-width, can be
selected so that the control voltage can be as high as
possible, but still within the present supply voltage and
output voltage of the amplifier.

If the voltage V,, would be so h:i.gh that the drain-source

section of the transistors no longer presents resistive
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prOp’erties’, then the transistors would operate as current

generators.

i

.(I

Fig. 8 illustrates a voltage/time diagram at various
5 selected resistance values provided by the transistor

connections according to Fig. 5.

- The following resistance values have been used during the
time intervals A - P.

10 _
4x 2x X x/2 "R
(54) (51) (52) (53) [ohm]
A 0 0 0 0 ,
15 B 0 0 0 1 0,5
C 0 0 1 0 ,
D 0 0 1 1 1,5
E 0 1 0 0 ,
F 0 1 0 1 2,5
20 G 0 1 1 ) 3,0
H 0 1 1 Fie 3,5
I 1 0 0 0 4,
J 1 0 ) 1 ,
K 1 0 1 0 ’
25 L 1 0 1 1 ,
M 1 1 0 0 ,
N 1 1 0 1 6,5
0 1 1 1 0 ,
p 1 1 1 1 ,

30
This digital connection sequence, where the diéital value

"1" is intended to represent one of many available values,

illustrates how the number and dimensiéning of the
transistors within available groups are selected between the

35 groups so that a sequential connection as described above of

- A T
~
>
AN
\. . .
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indicated groups will be able to provide a series of
resistance values in steps of 0,5 ohm.

< .
L

This is performed with a resistance variation weighted in a

unanimous way according to a digital series.

It is possible to select a resistance value from a

~continuous resistance variation by selecting and applylng an -

analog control voltage to one or several of the connections
51-54.

If a voltage of 0,25 V is desired, this can be achieved by
selecting the resistance values of the time interval E or F
Oor, alternatively, selecting an adjusted resistance value

between these two. :

It is evident that an arrangement according to the invention
can be adapted to be used as a termlnatlng impedance related
to a signal transmitting unit, or any other device that

reguires a matching impedance, as well as a s-lgnal receiving

unit, even though the exempllfylng embodlment 1.n this

~description have described the arrangement related to a

signal receiving unit.

It will be understood that the invention is not restricted
to the aforesaid and illustrated exemplifying embodiments
thereof and that modifications can be made within the scope

of the following claims.

227N
) :1 ‘:‘?ﬁﬁ\\"-‘
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The embodiments of the i1nvention in which an exclusive

property or privilege is claimed are defined as follows:

1. A connecting arrangement presenting resistive
properties and values, the connecting arrangement
comprising:

a plurality of transistor combinations connected between
two conductors;

at least one first control signal line, having an analog
control voltage, connected to a first group of transistors
creating a first transistor combination, wherein said first
transistor combination is activated or deactivated 1in
response to an analog control voltage on said first control
signal line; and

at least one second control signal line, having an analog
or digital control voltage, connected to a second group of
transistors creating at least a second transistor
combination, wherein said second transistor combination 1s
activated or deactivated in response to salid analog or
digital control voltage;

wherein said analog control voltage and salid analog or
digital control voltage provides an operating voltage point
of each transistor in the first and second transistor
combinations approximately within a region where said each
transistor in the first and second transistor combination

presents resistive properties.

2 . The connecting arrangement of claim 1, whereiln
each transistor in the plurality of transistor comblnations

is a CMOS transistor having a drain terminal, a source
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terminal, and a gate terminal, wherein said gate terminal
of each transistor in the plurality of transistor
combinations 1is a control terminal that 1s connected to

sald first or second control signal lines.

3. The connecting arrangement of claim 2, whereiln a
voltage between the drain terminal and the source terminal
is low enough 1n the active region of each transistor in
the plurality of transistor combinations so that the drain-
source section of each transistor presents resistive

properties.

4, The connecting arrangement of claim 3, wherein a

voltage between a drain terminal and a source terminal of
each transistor in said plurality of transistor

combinations 1s less than 1.5 V.

5. The connecting arrangement of any one of claims 1
to 4, wherein the control voltage 1s selected to be as high
as possible in the active region of each transistor in the
plurality of transistor combinations so that each

transistor presents resistive properties.

6. The connecting arrangement of any one of claims 1
to 5, wherein the number of transistors in the first group

1s different from the number of transistors in the second

group.

7. The connecting arrangement of any one of claims 1

to 6, wherein each transistor in said plurality of
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transistor combinations are NMOS transistors, and at least
one of said first and second group of transistors is

connected 1n series between said two conductors to provide

sald resistive properties.

8. The connecting arrangement of any one of claims 1
to /, wherein one of said conductors carries digital

information-carrying voltage pulses.

9. The connecting arrangement of claim 8, wherein

another of said conductors presents a voltage reference.

10. The connecting arrangement of any one of claims 1
to 9, wherein the connecting arrangement is connected as a

terminating impedance related to a signal-receiving unit.

11. The connecting arrangement of any one of claims 1
to 10, wherein said analog control voltage or said analog
or digital control voltage is provided to said first or

second the control signal lines by connecting means.

12. The connecting arrangement of claim 11, wherein
sald connecting means comprises a plurality of analog

transmission gates.

13. The connecting arrangement of claim 12, wherein a
tirst part of each transmission gate is directly activated
or deactivated by a control signal, and a second part of

each transmission gate is activated or deactivated by a

control circuit.
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14. The connecting arrangement of claim 13, wherein

sald control circuit comprises a signal-inverting circuit.

15. The connecting arrangement of claim 12, 13 or 14,

wherelin said first and second control signal lines are

connected to a respective analog transmission gate.

lo6. The connecting arrangement of any one of claims 1
to 15, wherein a size of each transistor in said plurality

of transistor combinations 1s such that said each

transistor presents resistive properties.

17. A connecting arrangement presenting resistive
properties and values, the connecting arrangement
comprising:

a plurality of transistor combinations connected between

two conductors;

at least one first control signal line, having an analog
control voltage, connected to a first group of transistors
creating a first transistor combination, wherein said first
transistor combination i1s activated or deactivated in
response to an analog control voltage on said first control
signal line; and

at least one second control signal line, having an analog
or digital control voltage, connected to a second group of
transistors creating at least a second transistor
comblnation, wherein said second transistor combination is
activated or deactivated in response to said analog or

digital control voltage;
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whereln said analog control voltage and said analog or
digital control voltage provides an operating voltage point
of each transistor in the first and second transistor
combinations approximately within a region where said each
transistor in the first and second transistor combination
presents resistive properties and wherein one of said

conductors carries digital information-carrying voltage

pulses.

18. A connecting arrangement presenting resistive
properties and values, the connecting arrangement
comprising:

a plurality of transistor combinations connected in
parallel between two conductors;

at least one first control signal line, having an analog
control voltage, connected to a first group of transistors
creating a first transistor combination, wherein said first
transistor combilination 1s activated or deactivated in
response to an analog control voltage on said first control
signal line; and

at least oﬁe second control signal line, having an analog

or digital control voltage, connected to a second group of

transistors creating at least a second transistor
comblnation, whereiln said second transistor combination is
activated or deactivated 1in response to said analog or
digital control voltage;

wherein said analog control voltage and said analog or

digital control voltage provides an operating voltage point

of each transistor 1n the first and second transistor

comblnations approximately within a region where said each
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transistor in the first and second transistor combination
presents resistive properties and said control voltage is
controlled by connecting means, wherein said connecting

means comprises a plurality of analog transmission gates.

19. A connecting arrangement according to any one of
claims 1 to 18, wherein said at least one second control
signal line comprises a number of control signal lines,

each having an associated transistor combination.

20. A connecting arrangement according to claim 19,

wherein at least one transistor combination provides a

resistance value that differs from resistance values

provided by other transistor combinations.
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