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The invention relates to an integratéd transistor
circuit in MOS-technology, constructed to form a va-

_ riable resistor between a first terminal and a second

. teérminal and comprising '

- a first and a second transistor each having a
control electrode and a main current path be-
tween a first and a second main electrode, the
first and the second main electrode of the first
transistor being coupled to the first and the
second terminal respectively and the first and
the second main electrode of the second tran-
“sistor being coupled to the second and the first
terminal respectively,

- a third and a fourth transistor each having a
control electrode and a main current path be-
tween a first and a second main electrode, and

- afirstand a second controllable current source
coupled to the main current path of the third
and the fourth transistor respectively.

Such a circuit is disclosed in P.E. Allen and D.R.

Holberg: "CMOS Analog Circuit Design”, page 217,

. Figure 5.2-5, Holt, Rinehart and Winston. In integrat-

ed MOS circuits It is common practice to employ ac-
tive MOS fransistors as resistors instead of passive

- polysilicon or diffused passive resistors. Generally,

active resistors not only have a smaller surface area
than equivalent passive resistors but they are also
adjustable. In said active resistors the channel of the
main current path between the main elecirodes
{source, drain) of the MOS transistor functions as the
resistor. The resistance of the channel is controlled by

_means of a variable voltage between the control elec-

trode (gate) and the first main electrode {source) of

.the MOS transistor. However, the channel resistance

~ of the main current path depends not only on the se-

{ected gate-source voltage but also on the value and

. polarity of the drain-source voltage. The channel re-

sistance of the main current path is substantially con-
stant over a specific range of drain-source voltage, so
that t'may be referred to as a voltage-independent
linear resistance. However, as the drain-source vol-
tage increases the non-linear relationship, inherent in
MOS transistors, between drain-source current in and
drain-source voltage across the main current source
becomes manifest. As a result of this the drain-source
voltage range within which the channel resistance of
a MOS transistor remains fairly constant is rather fim-
lted. A further limitation is imposed by, what is refer-
red fo as the "body effect” or "bulk effect”, sometimes
also "backgate effect”, of an integrated MOS transis-
tor. This effect manifests itself if the voltage differ-
ence between the substrate of the integrated circuit
and the first main electrode (source) of the main cur-
rent path of an integrated MOS transistor is not con-

_ stant. This Is so in particular if the MOS transistor Is
arranged as a resistor which Is floating relative to the
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substrate. The substrate then behaves as an addi-
tional control electrode (backgate), which adversely
affects the chanhel resistance of the main current
path. The body effect also has a non-linear influence
on the channel registance. .

Sald prior-art transistor circuit provides a solution
to arrive at an extended voltage range within which
the main current path of a floating MOS transistor ar-
ranged as an active resistor can be used as a linear
resistor. In order to form an active controllable resistor
the main current path of a first transistor and a sec-
ond transistor are arranged In paralle] between a first
and a second terminal. The bias voltages on the con-
trol electrodes of the first and the second transistor
are respectively furnished by a first controllable cur-
rent source coupled to the main current path of a third
transistor and by a second controllable current source
coupled to the main current path of a fourth transis-
tor. In this prior-art configuration the non-linear ef-
fects on the channel resistance caused by the non-
linear behaviour inherent in an integrated transistor
are compensated for by cross-coupling the main elec-
trodes of the first and the second transistor. The non-
linear effects then cance! one another, resulting in a
substantial extension of the range of drain-source vol-
tages within which the resistor thus formed s linear.
Although the above-mentioned book states that
cross-coupling also results in the body effect in the
first transistor being cancelled by the body effect in
the second traiisistor, this is not or not entirely true.
In the prior-art circuit the instantaneous voltages
across the main current paths of the first and the sec-
ond transistor still influence the backgate-source vol-
tages of these transistors.

Itis the object of the invention to provide an inte-
grated active variable MOS resistor in which the body
effect in the first and the second transistor is mini-
mized. S

To this end an integrated MOS transistor circuit in
accordance with the invention is characterized in that

~ the contro! electrode of the third transistor is
coupled to the second main electrode of the
third transistor and to the control electrode of
the first transistor,

- the control electrode of the fourth fransistor is
coupled to the second main electrode of the
fourth transistor and to the control electrode of
the second transistor,

- the first main electrode of the first transistor is
coupled to the first main electrode of the third
transistor, and

- thefirstmain electrode of the second transistor
is coupled to the first main- electrode of the
fourth transistor.

The current from the first and the second control-
lable current source flows through the main current
path of the third and the fourth transistor respsctive-
ly, which transistors are arranged as resistors by con-
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necting their control electrodes to their second main
electrodes. The voltage drop across the main current
path of the third and the fourth transistof provides the
bias voltage between the control electrode and the
first main electrode of the first and the second tran-
sistor respectively. Since the first main electrode is
floating relative to the substrate the body effect of the
first and the second transistor is compensated for by
an equal body effect in the third and the fourth tran-
sistor respectively, whose backgates, as well as
those of the first and the second transistor, may now
be connected directly to the substrate of the integrat-
ed circuit. '

The invention will now be described in more de-
taif, by way of example, with reference to the accom-
panying drawings, in which

Figures 1 and 3 are circuit diagrams of embodi-

ments of a variable MOS resistor in accordance

with the invention, and

Figure 2 shows some characteristic curves to ex-

plain the characteristics of the embodiment

shown in Figure 1.

Fig. 1 is the circuit diagram of an integrated tran-
sistor circuit enabling a variable resistor to be realized
which is floating relative to the substrate of the inte-

-grated circult. Use is made of enhancement-type

NMOS transistors, but it is also possible to use deple-
tion-type transistors, if desired in PMOS technology,
provided that the supply voltages and bias current
sources to be described hereinafter are adapted ac-
cordingly. The transistors comprise a first and a sec-

- ond maiin electrode and a contfrol electrode, which re-

spectively correspond to the source, the drain and
the gate of a MOS fransistor. The electrodes are ref-
erenced S, D and G respectively suffixed with the nu-
meral of the relevant transistor. The main current
paths of a first transistor T1 and a second transistor
T2 are arranged between a first terminal 1 and a sec-
ond terminal 2, in such a way that the first terminal 1
is connected to the source S1 of the transistor T1 and
the drain D2 of the transistor T2 and that the second
terminal 2 is connected to the drain D1 of the transis-
tor T1 and the source S$2 of the transistor T2. The
main current paths of the transistors T1 and T2 are
consequently arranged in anti-parallel. The parallel
arrangement of the main current paths of the transis-
tors T1.and T2 constitutes a variable resistor ar-
ranged between the terminals 1, 2 and having a re-
sistance value determined by the gate-source vol-
tage of the first and the second fransistor. The gate-
source voltage for the first transistor T1 is supplied by
a bias circuit mainly comprising a third transistor T3,
substantially identical to the transistor T1, and the
controliable current sources 3 and 4. The transistor
T3 has its drain D3 and its gate G3 interconnected and
connected to the gate G1 of the transistor T1, its
source S3 being connected to the source S1 of the
transistor T1. The main current path of the transistor
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T3 is coupled to a first supply terminal 7 via the con-
trollable current source 3 and to a second supply ter-
minal 8 via the controllable current source 4. In the
present example ut’llslng NMOS enhancement tran-
sistors the supply voitage on the terminal 7 should be
positive relative to that on the terminal 8, which is
thought to be connected to earth. Similarly, the gate-
source voltage of the transistor T2 is generated by a
trsnsistor T4, which is substantially identical to T2,
and two controllable current sources 5 and 6, the cor-
responding elements of the transistors T2 and T4 and
the current sources 5 and 6 being arranged in the
same way as those of the transistors T1 and T3 and
the current sources 3 and 4 respectively.

The current sources 3, 4, 5 and 8 ars controllable
by means, not shown, and their currents all have the .
same value lc. The current lc from the current source
3 flows to the current source 4 through the main cur-
rent path of the transistor T3 and the current ic from
the current source 5 flows to the current source 8
through the main current path of the transistor T4.

To illustrate the operation of the circuit, Fig. 2a
shows a graph in which the current ID181 through
the main current path of the transistor T1 is plotted
versus the voltage VDS across the main current path
of the transistor T1 for five different values lc of the
controllable current sources 3 and 4. The values giv-
en for the currents and voltages merely serve for the
purpose of illustration and may differ for different
process parameters. Dividing the value of the voitage
VDS by the value of the current ID181 ylelds the re-

sistance RD1S1 of the transistor T1. The result is
'shown In Fig. 2b, in which the resistance RD1S1 of

the transistor T1 is piotted versus the voltage VDS of
the transistor T1 for five differently selected bias cur-
rents lc. The Figure clearly shows how the resistance
RD181 varles depending on the instantaneous vol-
tage VDS. By connecting an identically controlled
transistor T2 - as already shown in Fig. 1 - in parallel
with the transistor T1 but with the drain and source
exchanged crosswisse, it Is possible to compensate for
the non-linear behaviour of the resistance RD181.
The resuit is shown in Fig. 2¢. In this Figure the over-
all reistance RDS of the parallel-connected main cur-
rent paths of the transistors T1 and T2 is given as a
function of the voltage VDS across the main current
paths for the five selected bias currents Ic. The range .
VDS within which the resistance RDS remains sub-
stantially constant is extended significantly in com-
parison with RD181 in Fig. 2b.

The transistor circuit in accordance with the in-
vention can be employed as a floating variable resis-
tor in an inmtegrated MOS transistor circuit. An exam-
ple of such a circuit is a filter arrangement with a va-
riable time constant. Variable resistors of larger value
can be obtained by arranging a plurality of resistors
in series in a maiiner as shown in Fig. 3. This Figure
by way of example shows two variable resistor circuits
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as shown in Fig. 1 arranged in series. However, here
the controllable current sources 5 and 6 arid the tran-
sistor T4 supply not only the gate-source voltage of
the transistor T2 of the first variable resistor R1 but
also that of the transistor T11 of the second variable
resistor R2. The second variable resistor R2 further
comprises the fransistors T12 and T14 and the con-
trollable current sources 15 and 16, which respective-
ly correspond to the transistors T2 and T4 and the
current sources 5 and 6 of the first variable resistor
R1 and which are arranged in a similar way.

Claims

1. An integrated transistor circuit in MOS-technolo-
gy, constructed to form a variable resistor be-
tween a first terminal and a second terminal and
comprising

- afirst and a second transistor each having
- . acontrol electrode and a main current path
between a first and a second main elec-
frode, the first and the second main elec-
trode of the first transistor being coupled to
the first and the second terminal respec-
tively and the first and the second main
electrode of the second transistor being
coupled to the second and the first terminal
respectively,
- a third and a fourth transistor each having

a control electrode and a main current path -

between a first and a second main elec-
trode, and

- a first and a second conirollable current
source coupled to the main current path of
the third and the fourth transistor respec-
tively, .
characterized in that

- the control electrode of the third transistor
is coupled to the second main electrode of
the third transistor and to the control elec-
trode of the first transistor,

- the control electrode of the fourth transistor
is coupled to the second main electrode of
the fourth transistor and to the control elec-
frode of the second transistor,

- the first main electrode of the first transistor
is coupled to the first main electrode of the
third transistor, and

- the first maln electrode of the second tran-
sistor is coupled to the first main electrode
of the fourth transistor.

Patentansbrﬁche

1. Integrierte Transistorschaltung in MOS-Techno-
logie, die so aufgebaut ist, daB sie einen regelba-
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ren Widerstand zwischen einer ersten Anschiuf-
kiemme und einer zweiten AnschiuBkiemme bil-
det, mit:

- einem ersten und einem zweiten Transistor,
von denen jeder eine Steuerelektrode und
einen Leitungspfad zwischen einer ersten
und einer zweiten Hauptelekfrode hat, wo-
bei die erste bzw. die zweite Haupteiektro-
de des ersten Transistors mit der ersten
bzw. der zweiten AnschluBklemme gekop-
peltist und die erste bzw. die zweite Haupt-
elektrode des zweiten Transistors mit der
zwelten bzw. der ersten Anschlufklemme
gekoppeit ist,

- einem dritten und einem vierten Transistor,
von denen jeder eine Steuerelektrode und
eine Leitungspfad zwischen einer ersten
und einer zweiten Hauptelektrode hat, und

- -einer ersten und einer zweiten regelbaren,
mit dem Leitungspfad des dritten bzw. vier-
ten Transistors gekoppelten Stromquelle,
dadurch gekennzeichnet, da

- die Steuerlektrode des dritten Transistors
mit der zweiten Hauptelektrode des dritten
Transistors und der Steuerelektrode des er-
sten Transistors gekappelt ist,

- die Steusrelekirode des vierten Transistors
mit der zweiten Hauptelekirode des vierten
Transistors und der Steuerelektrode des
zweiten Transistors gekoppelt ist,

- die erste Hauptelektrode des ersten Transi-
stors mit der ersten Hauptelektrode des drit-
ten Transistors gekoppelt ist und

- die erste Hauptelekirode des zweiten Tran-
sistors mit der ersten Hauptelektrode des
vierten Transistors gekoppeit ist.

Revendications-

1. Circuit intégré & transistors en technologie MOS,
construit pour former une résistance variable en-
tre une premiére borne et une seconde borne et
comprenant :

“ - un premier et un deuxidme {ransistor
comportant chacun une électrode de
commande et un trajet de courant principal
entre une premiére et une secande électro-
de principale, 1a premiére et la seconde
électrode principale du premier transistor
étant connectées respactivement & a pre-
miére et & la seconde borne et la premiére
et la seconde électrode principale du
deuxiégme transistor étant connectées res-
pectivement 2 la seconde et 4 la premiére
barne,

- un troisiéme et un quatriéme transistor
comportant chacun une électrode de

THELT ASTRRTh g e e
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as shown In Fig. 1 arranged in series. However, here
the controllable current sources 5 and 6 and the tran-
sistor T4 supply not only the gate-source voltage of

-the transistor T2 of the first variable resistor R1 but

also that of the transistor T11 of the second variable
resistor R2. The second variable resistor R2 further

.comprises the transistors T12 and T14 and the con-

trollable current sources 15 and 18, which respective-

"ly correspond to the transistors T2 and T4 and the

current sources 5 and 6 of the first variable resistor
R1 and which are arranged in a simllar way.

CIal_ms_

1. An integrated transistor circuit in MOS-technolo-
gy, constructed to form a variable resistor be-
tween a first terminal and a second terminal and
comprising _

- afirst and a second transistor each having
a control electrode and a main current path
between a first and a second main elec-
trode, the first and the second main elec-
trode of the first transistor being coupled to
the first and the second terminal respec-
tively and the first and the second main
electrode of the second transistor being
coupled to the second and the first terminal
respectively,

- athird and a fourth transistor each having
a control electrode and a main current path
between a first and a second main elec-
trode, and

- a first and a second controllable current
source coupled to the main current path of
the third and the fourth fransistor respec-
tively,
characterized in that

- the control electrode of the third transistor
is coupled to the second main electrode of

the third transistor and to the control elec-.

trode of the first transistor,

- the control electrode of the fourth transistor
is coupled to the second main electrode of
the fourth transistor and to the control elec-
trode of the second transistor,

- -the first main electrode of the first iransistor
is coupled to the first main electrode of the
third transistor, and h

- the first main electrode of the second tran-
sistor is coupled to the first main electrode
of the fourth transistor.

Patentanspriiche

1. Integrierte Transistorschaltung in MOS-Techno-
-logie, die so aufgebaut ist, daR sie sinen regelba-
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ren Widerstand zwischen einer ersten Anschiuf-
kilemme und einer zwelten AnschluBklemme bil-
det, mit:

- einem ersten und einemzweiten Transistor,

~ von denen jeder eine Steuerelektrode und
einen Leitungspfad zwischen einer ersten
und einer zweiten Hauptelektrode hat, wo-
bei die erste bzw. die zwelte Hauptelekiro-
de des ersten Transistors mit der ersten
bzw. der zweiten AnschluBklemme gekop-
pelt ist und die erste bzw. die zweite Haupt-
elektrode des zwelten Transistors mit der.
zweiten bzw. der ersten AnschiuBklemme
gekoppelt ist, '

- einem dritten und einem vierten Transistor,
von densnjeder eine Steuerelekirode und
eine Leitungspfad zwischen einer ersten
und einer zweiten Hauptelekirode hat, und

- elner ersten und einer zweiten regelbaren,
mit dem Leitungspfad des dritten bzw. vier-
ten Transistors gekoppelten Stromquelle,
dadurch gekennzeichnet, dak

- die Steuerlekirode des dritten Transistors
mit der zwelten Hauptelekirode des dritten
Transistors und der Steuerelektrode des er-
sten Transistors gekoppelt ist, _

- die Steuerelektrode des vierten Transistors
mit der zweiten Hauptelekirode des vierten
Transistors und der Steuerelektrode des
zweiten Transistors gekoppelt ist,

- die erste Hauptelekirode des ersten Transi-

- stors mit der ersten Hauptelektrode des drit-

‘ ten Transistors gekoppeltistund

- die erste Hauptelektrode des zweiten Tran-
sistors mit der ersten Haupteléktrode des
vierten Transistors gekoppeitist.

Revendications

1. Circuit intégré & transistors en technologle MOS,
construit pour former une résistance variable en-
tre une premiére borne et une seconde borne et
comprenant : _

- un premier et un deuxidme {fransistor
comportant chacun une électrode de~
commande et un trajet de courant principal
entre une premiére et une seconde électro-
de principale, la premidre et la seconde
électrode principale du premier transistor
étant connectées respectivemant & la pre-
miére et 4 la seconde borne et la premiére
et la seconde électrode principale du
deuxidme transistor stant connectées res-

' pectivernent & la seconde et 4 la premiére
borne,

- un troisiéme et un quatridme "transistor
comportant chacun une électrode de

, [
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commande et un trajet de courant principal
entre une premiére ot une seconde électro-
de principale, et
une premiére et une seconde source de
courant réglable connectées au ftrajet de
courant principal du troisiéme et du quatria-
e transistor respectivement,
caractérisé sn ce que
Féiectrode de commande du troisiéme tran-
sistor est connectée 2 la seconde électrode
principale du troisidme transistor et & I'éiec-
trode de commande du premier transistor,
T'éléctrode de commande du quatriéme
transistor est connectée 2 la seconde élec-
{rode principale du quatriéme transistor et a
lélectrode de commande du deuxiéme
transistor,
la premidére élecirode principale du premier
fransistor est connectée & la premiére élec-
trode principale du troisidme transistor, et
la premiére électrode principale du deuxia-
me transistor est connectée a la premidre
électrode principale du quatridme transis-
for.
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