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The invention relates to a current divider for dividing a first signal current
into a second and a third signal current, which current divider comprises a first terminal
'for the'passage of the first signal current, a second terminal for the passage of the
second signal current and for receiving a first potential, a third terminal for the passage

5 of the third signal current and for receiving a second potential, at least a first element

coupled between the first terminal and the second terminal, and at least a second
i element coupled between the first terminal and the third terminal.
' The invention also relates to an integrated circuit comprising a plurality of
 current dividers. | :
10 : In the present document a signal current is to be understood to mean a
current resulting from an input current applied to a current divider, the first and the
- second element carrying, besides the respective sigdal currents, a bias current
determined by the first and the second potential. o
Such a current divider is suitable for general use in integrated circuits,
15 which integrated circuits can be constructed, for example, as a volume control or as a
digital-to-analog converter. '

Such a current divider in which the first and the second élement are
realised by means of a first and a second resistor respectively is generally known. In the
20 current divider implemented by means of the first and the second resistor an input
current applied to the first terminal and corresponding to the first signal current is
divided in accordance with a ratio dictated by a resistance value répresented by the first
and the second resistor. .
A disadvantage of the current divider realised by means of the first and
25 the second resistor is that the resistors occupy a comparatively large semiconductor area
in an integrated circuit and the resistance vélues, which are influenced by parasitic
effects, give rise to a usually non-linear and comparatively inaccurate current division.

The relevant parasitic effects occur particularly when a transistor switch for switching
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the respective signal currents is coupled in series with both the first and the second
resistor, which switch exhibits a conductance which varies depending upon the
pectlve signal current.
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5 It is an object of the invention to provide a current divider which realises |
a substantially linear and comparatively accurate current division by means of a compact
circuit, enabling the respecti#e signal currents to be switched without being affected by
an influence occurring during current division. ' |

A current divider in accordance with the invention is characterised in that .
10 the first element is implemented by means of a first MOS transistor having a control
“electrode and a main current path, and the second element is implemented by means of
a second MOS transistor having a control electrode and a main current path, the control
electrodes of the first and the second MOS transistor being coupled to a first reference
terminal for receiving a first reference voltage to realise a conductive state of the first |
15 and the second MOS transistor during 3 first active state of the current divider, the main
.current path of the first MOS transistor being coupled between the first terminal and the
second terminal and the main current path of the second MOS transistor being coupled
between the first terminal and the third terminal. In the present document an active state
of a current divider is to be understood to mean a state in which the current divider is
20 capable of realising a current division of an input current. For the current divider
characterised above this means that the first active state corresponds to the conductive
state of the first and\"the second MOS transistor because a current division is impossible
in a cut-off state of the first or the second MOS transistor. However, the invention is
based on the recognition of the fact that the main current path of a MOS transistor
25 inherently exhibits a symmetry, on the basis of which symmetry the current divider
Characterised above realises a current division; which current division is independent of
an input current applied to the first terminal and independent of the potentials on the
Tespective terminals. The current division realised by the current divider characterised
above is particularly surprising because a MOS transistor exhibits a non-linear
relationship between a voltage across its main current path and a current through its
majn Current path, whilst the current division realised by the current divider
“haracteriseq above is substantially linear. The said properties of the current divider in
accordance with the invention will be corroborated by the theory derived on some of the
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following pages with reference to a drawing. Nevertheless, a réquirement to obtain the
relevant properties is that the first and the second MOS transistor have the same |
control-electrode potential and are in a conductlve state, the current divider in
accordance with the invention complymg with this requirement by means of the first
reference voltage, enabling the respective signal currents to be switched by means of the
first reference voltage without being affected by an influence occurring during current
division. Apart from the said properties the derived theory also corroborates that the
current division realised by the current divider in accordance with the invention depends
only on the ratios of the dimensions of the MOS transistors comprised by the current
divider, allowing the dimexisions to be chosen freely. As the current division depends
only on the ratios of the dimensions of the MOS transistors comprised by the current
divider, which ratios can be obtained with a high accuracy by means of present-day
scaling techniques, the current divider in accordance with the invention provides a
comparatively accurate current division and can be implemented by a compact circuit
ov)ing to the free choice of the dimensions. When the dimensions of the MOS

transistors of the current divider are the same, an input current corresponding to the

first signal current is divided into the second and the third signal current in a

substantially linear fashion, as a result of which the current divider in accordance with
the invention forms a particularly advantageous component for integrated circuits.

A first embodiment of a current divider in accordance with the invention
may be characterised in that the current divider further comprises one or more further

MOS transistors each having a control electrode and a main current path, the control

electrodes being coupled to the first reference terminal for receiving the first reference
Voltage to realise a conductive state of the one or more further MOS transistors during
the first active state of the current divider, and the main current paths being coupled in
series between the main current path of the first MOS transistor and the second

lerminal. As the control electrodes of the one or more further MOS transistors are
“oupled to the first reference terminal for receiving the first reference voltage the MOS
ansistors of the present current divider are conductive in the first active state. As a
*esult of the conductive state an input current.applied to the first terminal and
col'l""slmfldlng to the first signal current will be divided in dependence upon the ratios of
the Gimensions of the MOS transistors coupled between the first and the second terminal |
4nd the MOS transistor coupled between the first and the third terminal. When the
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dimensions of the MOS transistors in the present current divider are equal the one or
more further MOS transistors merely provide an extension of the main current path of
the first MOS transistor, as a result of which extension the ratio between the second and
the third signal current is inversely proportional to the ratio between the number of
MOS transistors between the first and the second terminal and the number of MOS
transistors between the first and the third terminal. Thus, the current division realised
by the present current divider can be adjusted to0 a desired value in a comparatively
simple and accurate manner by means of a unity MOS transistor.

" A second embodiment of a current divider in accordance with the
invention rhay be characterised in that the current divider further comprises one or more
further MOS transistors each having a control electrode and a main current path, the
control electrodes being coupled to the ﬁrst reference termmal for receiving the first
reference voltage to reahse a conductlve state of the one or more further MOS

'transxstors during the first active state of the current dn_nder, and the main current paths

being coupled in parallel to at least the main current path of the first MOS transistor.
As the control electrodes of the one or more further M_OS transistors are coupled to the
first reference terminal for recéiviﬂg the first reference voltage the MOS transistors
comprised by the current dmder are conductlve in the first active state. As a result of
the conductive state an mput current applied to the first terminal and corresponding to
the first signal current will be divided in dependence: upon the ratios of the dimensions
of the MOS transistors coupled between the ﬁfst and the second terminal and the MOS
transistor coupled between the first and the third terminal. When the dimensions of the
MOS transistors in the present current divider are equal the one or more further MOS
transistors merely provide a widening of the main current path of the second MOS
transistor, as a result of which widening the ratio between the second and the third
signal current is proportional to the ratio between the number of MOS transistors
between the first and the second terminal and the number of MOS transistors between
the first and the third terminal. Thus, the current division realised by the present current
divider can pe adjusted to a desired value in a comparatively s1mple and accurate
MaNner by means of a unity MOS transistor.
| A third embodiment of a current d1v1der. in accordance with the invention
ay be Characterised in that the current divider further comprises one or more further
os Tansistors each having a control electrode and a main current path, the control
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clectrodes being coupled to the first reference terminal for receiving the first reference
‘;oitage to realise a conductive state of the one or more further MOS transistors during
the first active state of the current divider, and the main current paths being coupled in
series between the main current path of the second MOS transistor and the third

terminal. As the control electrodes of the one or more further MOS transistors are
coupled to the first reference terminal for receiving the first reference voltage the MOS
transistors comprised by the current divider are conductive in the first active state. As a
result of the conductive state an input current applied to the first termmal and
corresponding to the first signal current will be divided in dependence upon the ratios of
the dimensions of the MOS transistors coupled between the first and the secbnd terminal
and the MOS transistor coupled between the first and the third terminal. When the
dimensions of the MOS transistors in the present current dmder are equal the one or
more further MOS transistors merely prov1de an extension of the main current path of
the second MOS transistor, as a result of which extension the ratio between the second
and the third signal current is inversely proportional to ihe ratio betwee'n.t'h'e number of
MOS tfansis_tors between the first and the second termirial and the number of MOS
transistors between the first and the third terminal. Thus, the current division mhsed

by the present current divider can be adjusted to a desired._v'aluer in a comparatively
simple and accurate manner by means of a unity 'MOS transistor,

A fourth einb'odiment of a current divider in accordance with the invention
may be characterised in that the current divider further comprises one or more further
MOS transistors each having a control electrode and a main current path, the control
electrodes being coupled to the first reference terminal for receiving the first reference
voltage to realise a conductive state of the one or more further MOS transistors during
the first active state of the current dmder and the main current paths being coupled in_
Paralle] 1o at jeast the main current path of the second MOS transistor. As the control
Clectrodes of the one or more further MOS transistors are coupled to the first reference
'éTMinal for receiving the first reference voltage the MOS transistors comprised by the

curTent divider are conductive in the first active state. As a result of the conductive state
o input Current applied to the first terminal and corresponding to the first signal current
Vil be divided in dependence upon the ratios of the dimensions of the MOS transistors

Coy
Pled between the first and the second terminal and the MOS transistor coupled

%N the first and the third terminal. When the dimensions of the MOS transistors in
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the present current divider are equa'l'the one or more further MOS transistors merely
provide 2 widening of the main current path of the second MOS transistor, as a result of
which widening the ratio between the second and the third signal current is propomonal
o the ratio between the number of MOS transistors between the first and the second
terminal and the number of MOS transistors between the first and the third terminal.
Thus, the current division realised by the present current divider can be adjusted to a
desired value in a comparatively simple and accurate manner by means of a unity MOS
transistor. | .

A fifth embodiment of a current divider in accordance with the invention
may be characterised in that the current divider further comprises a fourth terminal for

the passage of a fourth signal current, an inverter circuit, at least one further MOS

hansistor_'having a control electrode and a main current path, the control electrode being
coupled to the first reference terminal by means of the inverter circuit for receiving the
first reference voltage to realise a cut-off state of the at least one further MOS transistor
during the first active state of the current divider, and to realise a conductive state of

the at least one further MOS transistdr during a passive state of the current divider, thé
mgin current path being coupled between the main current path of the ﬁrst;MOS
transistor and the second terminal, and the fourth terminal being ooupied to a point
between the main current path of the first MOS transistor and the main cutrent path of

the at least one further MOS transistor. In the present document a passive state of a

Current divider is to be understood to mean a state in which the current divider is not
Capable of realising a current division of an input current. Since the present current
divider can exhibit the first active state and the passive state a current division can be
W in dependence upon the first reference voltage. When the present current
lelder is in the first active state, in which an input current corresponding to the fourth
signal current is applied to the fourth terminal, the first MOS transistor and the second
MOS transistor allow the passage of the second signal current and the third signal
Current r'~"-“'l>ective.ly As the further MOS transistor is cut off during the first active state |
the secong signal current will be equal to the input current applied to the fourth

"eTminal, the first and the third slgnal current being determmed by the input current (the
second signal current) depending upon a circuit .coupled to the first terminal. In the
Passive state a signal current flows through the further MOS transistor, which signal
CUTTent is equal to the input current owing to the cut-off state of the first (and the
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second) MOS transistor. Consequently, the pfesent current divider has the advantage
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"that the input current is divided or not divided in dependence upon the state of the
 current divider, which state is dictated by the first reference voltage.

A sixth embodiment of a current divider in accordance with the invention
may be characterised in that the current divider further comprises a fourth terminal for

the passage of a fourth signal current, an inverter circuit, at least orie further MOS

transistor having a control electrode and a main current path, the control electrode being

 coupled to the first reference terminal by means of the inverter circuit for receiving the

first reference voltage to realise a cut-off state of the at least one further MOS transistor
during the first active state of the current divider, and to realise a conductive state of
the at least one further MOS ' transistor during a passive state of the current divider, the
main current path bemg coupled bgtWeen the main current path of the second MOS

transistor and the third terminal, and the fourth terminal being coupled to a point

between the main current path of the second MOS transistor and the main current path
of the at least one further MOS transistor. Since the present current divider can exhibit

 the first active state and the passive state a current division can be realized in

2

dependence upon the first reference voltage. When the present current divider is in the
first active state, in which an input current corresponding to the fourth signal current is
applied to the fourth terminal, the first MOS transistor and the second MOS transistor
allow the passage of the second signal current and the third signal current respectively.

| 53 th? further MOS transistor is cut off during the first active state the third signal -

current will be equal to the input current applied to the fourth terminal, the first and the

+ Second signal current being determined by the input current (the third signal current)

dmding upon a Circuit coupled to the first terminal. Iri_ the passive state a signal
Current flows through the further MOS transistor, which signal current is equal to the
iNput current owing to the cut-off state of the second (and the first) MOS transistor.

‘Consequently, tne present current divider has the advantage that the input current is
| Givided or not divided in dependence upon the state of the current divider, which state

'8 dictated by the first reference voltage.

o A seventh embodiment of a current divider in accordance with the

mve"'ﬁm may be characterised in that the current divider further comprises a fourth

f“rthe:l for the passage of a fourth signal current, an inyerter circuit, and at _last one
MOS transistor having a control electrode and a main current path, the control
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electrode being coupled to the control electrode of the first MOS transistor by means of
the inverter circuit, the control electrode of the first MOS transistor being coupled to a

13.01.1993

second reference terminal, coupled to the first reference terminal, for receiving a second

reference voltage, derived from the first reference voltage, to realise a cut-off state of
the at least one furthexf MOS transistor d{xring the first active state of the current
divider, ahd to realise a conductive state of thg .at least one further MOS transistor

 during a second active state of the current divider, the main current path being coupled

between the first terminal and the fourth terminal. The present embodiment differs
considerably from the precedin'g'_embodiment b_ecause' the current divider has a second
active state. Whereas in the first active state the present current divider is capéble of -
realising a current division by means of the first and the second MOS transistor, the
current divider in the second active state is capable of realising a current division by
means of the second and the at least one further MOS transistor. Consequently, an input
current applied to the first terminal and corresponding to the first signal current can be
divided in a first manner or in a second manner depending on the ﬁrst reference
voltage, | .

| An eighth embodiment of a current divider in accordance with the
invention may be characterised in_that the current divider further comprises a fourth
tt"l’lni'nal_for the passage of a fourth signal current, an inverter circuit, and at least one
further MOS transistor having a control electrode and a main current path; the control
electrode beirig coupled to the control electrode of the second MOS transistor by means
of the inverter circuit, the control electrode of the second MOS transistor being coupled
%0 a second reference termirial, coupled to the first reference terminal, for receiving a
second reference voltage, derived from the first reference voltage, to realise a cut-off
State °f the at least one further MOS transistor during the first active state of the current
divider, ang to realise a conductive state of the at least one further MOS transistor
during second active state of the current divider, the main current path being coupled
-bet“’e_en the first terminal and the fourth terminal. The present embodiment, similarly to
the _se"emh embodiment, differs considerably from the preceding embodiment because

© Current divider has a second active state. Whereas in the first active state the present
‘."_'n’ent divider'is capable of realising a current division by means of the first and the
W MOS transistor, the current divider in_t_he second active state is capable of
%g 2 current division by means of the first and the at least one further MOS
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transistor.’ Consequently, an mput current apphed to the ﬁrst terminal and corresponding

to the first signal current can be divided in a first manner or in a second manner

depending on the first reference voltage.
Although the embodiments described above have been presented
separately they may be combined advantageously, for example, in an integrated circuit. -
A first embodiment of an integrated' circuit comprising a plurality of
current dividers in accordance with the invention may'be characterised in that the
integrated circuit further comprises an input terminal for receiving an input current, and
a first output terminal for supplying a first output cur_reilt, the input terminal of the
integrated circuit being coupled to a first terminal of a first current divider, a third
terminal of the first current divider being coupled to a first terminal of a last current
divider, and a third terminal of the last current divider being coupled to the first output
terminal of the integrated circuit. The present integrated circuit is a simple series
arrangement of a plurality of current dividers, employing for example current dmders
in accordance with the first, the second, the third or the fourth embodlment. The
integrated circuit is inter alia capable'of dividing the-input c'urrent into various further
currents, including the output current and allows the ratio between the various further
cutrents to be defined comparatively accurately | .
A second embodiment of an integrated circuit 'cm.nprising a plurahty of
Current dividers in accordance with the invention may be characterised in that the
integrated circuit further comprises an input terminal for receiving an input current, and
 first output terminal for supplying a first output current, the input terminal of the
integrated circuit being coupled to a fourth terminal of a first current divider, a first
t’:m‘i"al of the first current divider being coupled to a fourth terminal of a last current
ivider, anq a ﬁret terminal of the last current divider being coupled to the first output
'eMmhina of the integrated circuit. The present embodiment of an integrated circuit may
mploy, for example, the current dividers in accordance with the fifth and the sixth
:n:bo:;:em by means of which current dividers it is poss1ble to divide or not to divide
. 0ng to the use of the relevant current dividers the present integrated circuit
o ;:Vaﬂtage that the propomon in which the input current is divided can be
the e ofb)' means of the first reference voltage, the output current being obtained in
an active state of the current dividers comprised by the mtegrated cucmt
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Thuﬁ, the present integrated circuit enab_le's_, for example, a voiume oontroi to be
s - . .
A third embodiment of an mtegrated circuit compnsmg a plurahty of

current dividers in accordance wrth the mventwn may be characterised in that the

integrated circuit further comprises an mput terminal for receiving an input current, and
a first output terminal for supplying a first output current, the input te_rmmal of the
integrated circuit being coupled to:a fourth terminal of a first current divider of a first
series arrangement of current drvrders having a ﬁrst current drvrdmg factor, a first
terminal of the first current divider of the first series arrangement of current dividers
being coupled to a fourth terminal of a last current divider of the first series
amangement of currént dividers, respective second terminals of the resp_ecﬁve current
dividers of the first series arrangement being coupled to a fourth tenmnal of a first
drrrent divider of a second series arrangement of current dividers having a second _
current dividing factor, a first terminal of the second series arrangement of current
dividers being coupled to a fourth terminal of a last current divider of the second series
arrangement of current dividers, and respective second terminals of the respecrivé |
current dividers of the second series arrangement being coupled to the first output

terminal of the integrated circuit. The present embodiment is cépable of dividing the

input current in both series arrangements in a manner corresponding to that in the
second embodiment, the first series arrangement for example effecting a coarse division
and the second series arrangement for example effecting a fine division. Thus, the
Present embodiment enables a cbmpact and accurate signal attenuator to be realised,
Which signal attenuator is particularly suitablé_ for realising a volume control.
A fourth embodiment of an integrated éircui’_t comprising a plurality of
Current dividers in accordance with the invention may be characterised in that the
Integrated circuit further comprises an input terminal for receiving an input current, and
2first Output terminal for supplying a first output current the input terminal of the
1meg"md circuit being coupled to a first terminal of the first current divider, a third
hing] of the first current divider being coupled to a first terminal of the last current
@vider, ang 4 second terminal of the last current divider being coupled to the first
Otput erminal of the integrated circuit. By means of the oontrol circuit, which can be
“MStructed ; in'a manner known per se, the individual current dividers can be set to the
m_‘" the second active state or to the passive state, the required voltages being
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derived from the first reference voltage, for example by means of some MOS transistors
operated as switches. |
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A seventh embodiment of an integrated circuit comprising a piurality of
current dividers in accordance with the invention may be characterised in that the
integrated circuit further comprises a further input terminal for receiving an input
voltage, a further output terminal for supplying an output voltage, a voltage-to-current
converter, and a cu’rrent-to-volfége converter, the voltage-to-current converter being |
coupled between the further input terminal of the integrated circuit and the input
terminal of the integrated circuit, and the current-to-voltage converter being coupled
between the first output terminal of the 'integrated circuit and the further output terminal
of the integrated circuit. Since the described current dividers operate in the current
domain the seventh embodiment has the advantage that the integrated circuit can handle |
a voltage, which is generally the case in a volume control. |

. | An eighth embodiment of an integrated circuit comprising a plurality of
current dividers in accordance with the invention may be characterised in that the

integrated circuit further comprises a reference terminal for receiving a reference

~ voltage and a further reference terminal for receiving a further reference voltage, and

- the voltage-to-current converter comprises a résistive element, at least one MOS

Wansistor having a control electrode and a main current path, and an operational

-"“Pliﬁqr having an inverting input, having a non-inverting input, and having an output,

the inverting input being coupled to the further input terminal of the integrated circuit
by means of the resistive element, the non-inverting input being coupled to the first
Mm terminal, the output being coupled to the inverting input by means of the main
°"ﬂfent Path of the at least one MOS transistor and to a terminal of the first current
Uvider, ang the control electrode of the at least one MOS transistor being coupled to
::n?ﬂd reference terminal of the integrated circuit. The present embodiment
ot s::es a special version of the voltage-to-current converter, which special vergi_on is
N i;c:htolnon-linw effects as a result of a parasitic capacitance appearing at the
e first operational amplifier. The relevant non-linear effects are avoided in
® OPerational amplifier is included in a feedback loop, which feedback loop
%c(’mpﬁses the at least one MOS transistor, a further current divider being
By the relevant MOS transistor and a MOS transistor coupled to the input

and forming part of the first current divider. Whereas the further current
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divider linearly divides a current applied to the further current divider by the .-
Wﬁonal amplifier into an input current thrcugh the input_terminal and a current
trough the at least one MOS transistor, the last-mentioned current is also determined
bya voltage drop produced across the resistive element by the input voltage.

s Consequently, the operational amplifier supplies a current to the further current divider,

which current is not determined by a current supplied to the parasmc capacitance by the
opemuonal amplifier.

The above and other (more elaborate) features of the invention will now
' 10 be described in more detail with reference to the accompanying drawings, in which
Figure 1 shows a first embodiment of a current divider in accordance with
the invention, | | | |
Figure 2 shows a second embodiment of a current divider in accordance
with the invention, | |

15 Figure 3 shows a third embodiment of a current divider in accordance

with the invention,

Fxgure 4 shows a fourth embodiment of a current dmder in accordance
with the invention,

Figure 5 shows a fifth embodiment of a current divider in accordance with
+ 3 e invention, o

Figure 6A shows a sixth embodimient of a current divider in accordance
¥ih the invention,

Figure 6B shows a seventh embodiment of a current d1v1der in accordance

% Vith the j Invention,

Flgure TA shows an eighth embodiment of a current d1v1der in accordance
Vith the llWent]ou

Figure 7B shows a ninth embodiment of a current divider in accordance
"1 the mventmn

Y i Figure 8 shows a tenth embodiment of a current d1v1der in accordance
the | ln"emtlon

%% Flgure 9 shows an eleventh embodiment of a current divider in

With the invention, —_—
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| Flgure 10 shows a twelfth embodiment of a current divider in accordance
WIth the invention, '

Fxgure 11 shows a first embodlment of an mtegrated circuit compnsmg a
plurallty of current dividers in accordance with the invention,
g Flgure 12 shows a second embodiment of an integrated circuit compnsmg
a plurality of current dividers i m accordance with the invention, -
Figure 13 shows a third embodiment of an integrated circuit comprising a
plurality of current dividers in accordance with the invention,

Figure 14 shows a fourth embodiment of an integrated circuit comprising
102 plurahty of current dividers in accordance with the invention, and

Flgure 15 shows a fifth embodlment of an integrated circuit comprising a
. plurahty of current dividers in accordance wnh the invention,

In these Figures like parts bear correspondlng reference numerals.

-

1$ Figure 1 shows a first embodiment of a current divider in accordance with

e invention. The present embodiment comprises a first terminal 110 for the passage ¢ of
- afint signal current Ii10, a second terminal O11 for the passage of a second signal -
Gurrent Tol1 and for receiving a first potentlal a third terminal O12 for the passage of a
tird signal current Io12 and for receiving a second potential, a first MOS transistor Ml
h‘““g a control electrode and a main current path, and a second MOS transistor M2
"a¥ing 2 control electrode and a main current path. The control electrodes of the MOS
Thsistors M1 and M2 are coupled to a reference terminal R10 for receiving a first
”""‘“ voltage Rv10 to realise a conductive state of the MOS transistors M1 and M2
5 g  first active state of the current divider, the main current path of the MOS'
T M1 being coupled between the terminal 110 and the terminal O11 and the
'lld ¢:rrem Path of the MOS transistor M2 being coupled between the terminal 110
tminal 012. Since the respective main current paths exhibit a symmetry which
erem in a MOS transistor a current divider in accordance with the invention
X, M 8 W0 or more MOS transistors performs a linear current division |
de"tly of the signal current 110 in the current divider and mdependeﬂﬂ)’ of the
b *ON %2id terminals O11 and O12, which linear current division is corroborated .
“)a % the theory derived hereinafter. The relevant theory is based on an equation

OW, which equation is a general equauon for a current ﬂowmg through the .
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oain currﬂlt path of a MOS transistor (R.S. Muller and T.I. Kamins, "Device
Eleﬂ“"“cs for Integrated Clrcults" Wiley, New York, 1977).

V4

Ld £ p(vg,vc)-Q(vg,vc) av, . - (1)
] __ | |

I; © _.'f_,'

In the general equation (1) I, represents the current flowing through the main current
§ path, Vg isa potentxal on the control electrode (gate), V4 is a potennal of a first side
(drain) of the main current path, V, is a potentxal of a second side (source) of the mam
current path, V  is a potentlal on a point of the main current path, W is the width of the
main current path, L is the length of the main current path, u is the mobility of the
. charge carriers, and Q is the channel cherge per unit area, the carrier mobility 4 and
10 the channel charge per unit area Q being a function of the control-electrode potential V,
ad of the potential of the pomt of the main current path V.. Both the carrier moblhty m
(Ve Vo) and the channel charge per unit area Q (Vg V) can be a complicated
function, particularly when both first-order and second-order effects, such as mobility
. reduction and body effect, are considered. Yet on the basis of the following equation
3@ . .
Vx C . ,
FVvy) = I B(Ve V) QVg V) av, " (2)

m"““eﬂt I3 through the main current path (equauon (1)) can be expressed in
“Bpifieq form by the followmg equation (3)

C= 3 RV, V) - F(V, V) (3)

b .

®Quation clearly expresses the symmetry inherent in a MOS transistor. When the

® &quat: :

3 uation (3) is drawn up for the MOS transistors M1 and M2 shown in Fig. 1 the
' in the respective main current paths comply with

{F(VRi0:Vo11) - F(VRi0,Vno0)} (4)
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Is2 = Ty {F(Vmo'Vou) - F(VR10/Vn10) } (5)
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where the pOtehtial Vi in equations (4) and (5) is a non-linear function of the signal
current Ti10 and where the potentials V¢, and Vg, are constant and independent of
i10. If the potentIal V0 for a given 31gna1 current Ii10 is represented as a potential
Vy0(0), a change of the relevant signal current 1i10 results in a change of the currents
R and Iy through the main current paths, the respecuve changes bemg given by

Wy . ) '
Mgy = Ioll = T.% {F(VRio,V1i0(I110)) - F(VRio,V110(0))} (6)
and

“ D
Algp = Iol2 = .% {F(VR10s V110 (I110)) - F(VRi0,Vpo(0))} (7

From the above equatlons (6) and (7) the next equatlon (8) for the current division of
the stgnal current Ii10 can be derived

1011 - Wi Iv2 8)
1012 Wmz Ly (8)

. ;hich equation represent:". 'a cqnent divi@ing‘ factor dicmted rby the dimensions of the

i 0S transistors, Equation (8) corroborates the above statements that the current

) fﬁ"iSiOn, i.e. the current d'_xvidirig factor, is independent of the signal current 1il0 and
%t of the potentials V;; and vg ;. For a complete description of the current
divider in accordance with the invention the following equation (9) is required in -
Wdition 1 equaﬁon ®3) | |

g - .
10 = - 1011 - I012 | (9)

lSw

rn:::quaﬁon represents the change of the signal' current Ii10 in relation to the
tve signal currents Io11 and Io12. From equations (8) and (9) it follows that in

c?sf’ of an input current corresponding to the signal current Ii10 this defines the
- Signal currents (lol1, Iol12). In addition to the above considerations it is to be
Yy . O the basis of the above derivation, that the current division is substantially

Ad that the current division applies both to the non-saturated and the saturated
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state conductive state of the individual MOS transistors, the dimensions of the MOS
ransistors required for current divider not being speciﬁed, which enables a compact
current divider to be realised. | |
Fig. 2 shows a second embodiment of a current divider in accordance
§ with the invehtion. The present embodiment differs from the current divider shown in
Fig. 1 in that the present embodiment further comprises a fourth terminal I11 for a
fourth signal current il1 and three further MOS transistors M1s, Misj and Mlss each
having a control electrode and a main current path. The terminal 111 is coupled toa
- point between the main current paths of the MOS transistors M1 and M1s1, the control
10 electrodes are couple_d_ to the reference terminal R10, and the main current paths are
serially coupled between the main current path of the MOS transistor M1 and the
 terminal O1 l.. Although Fig. 2 shows only four terminals 110, 111, O11 and O12 a
- further terminal for a further signal current may be coupled between the main ci.nrren_t
paths of each of the MOS transistors MIsl, Misj and Mlss. The present current divider
effects a current division whlch depends on the use of the respestive terminals and on
both the dlmensmns and the number of the respecnve MOS transistors. For example,
When the terminal 110 is used as an input terminal, the terminal 111 is not used, and the
terminals O11 and O12 are used as output terminals, the present current divider effects
4 current division defined by the dimensions of the MOS transistor M2 relative to the
dimensions of the serially coupled MOS transistors M1, Mlsl, Misj and Mlss. If the
' | relevan MOS transistors have equal d1mens1ons, which equal dimensions can be
; Mealised simply by means of present-day scaling techniques, it can be demonstrated by
Means of equation (8) that the present current divider effects a current division which i is
x “versely proportional to the ratio between the number of MOS transistors between the
"mhinal 110 and the terminal O11 and the number of MOS transistors between the
Mg 110 and the terminal 012. As a result of this, the signal current Iol1 is four
::: a:: Small as the signal current fol2. In the case of unequal dimensions of the
MOS transistors or in the case of another use of the terminals the current
¥ ision Can be defined in a manner similar to that set forth above.

1§

the Fig. 3 shows a third embodiment of a current divider in accordance with
‘ "Weﬂtion

M thay
M)y the Present embodiment further comprises three further MOS transistors M1pl1,

d Mlpp each having a control electrode and a main current path, the control

The present embodiment differs from the current divider shown in Fig. 1
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dectrodes being coupled to the reférence terminal R10, and the main current paths
being coupled in parallel with the main current path of the MOS transistor M1. The

present current divider effects a current division which depends on the use of the
l..@.peg;uve terminals and on both the dimensions and the number of the respective MOS

§ transistors. For example, when the terminal I10 is used as an input termmal,_ and the
erminals O11 and O12 are used as output terminals, the present current divider effects
a current division defined by the dimensions of the MOS transistor M2 relative to the
dimensions of the parallel coupled MOS transistors M1, M1pl, Mlpj and M1pp. If the
relevant MOS transistors have equal _dimensions, it can be demonstrated by means of

10 equation (8) that the present current dividerl effects a current division which is

proportional to the ratio between the number of MOS transistors between the terminal
110 and the terminal O11 and the number of MOS transistors between the terminal 110
and the terminal O12. As a result of this, the signal current Tol1 is four times as large
as the signal current Io12. In the case of unequal dimensions of the relevant MOS
15 tansistors or in the case of .another use of the terminals the current division can be
defined in a manner similar to that set forth above. _ |
Fig. 4 shows a fourth embodiment of a current d1v1der in accordance W1th
the § invention. The present embodlment differs from the current divider shown in Fig. 1
in that the present embodiment further comprises a fourth termmal I12 for a fourth
2 s!znal current Ii12 and three further. MOS transistors M2s1, M2sj and M2ss each havmg
4 ontrol electrode and a main current path. The terminal I12 is coupled to a point
between the main current paths of the MOS transistors M2 and M2, the control
W‘* are coupled to the reference terminal R10, and the main current paths are
X rlly Coupled between the main current path of the MOS transistor M2 and the
ing) 012. Although Fig. 4 shows only four terminals 110, 112, Ol11 and O12 a
Yrminal for a further signal current may be coupled between the main current
%c::e:ch of the MOS transistors M2s1, M2sj and M2ss. The present current divider
b i d:ernt division whlch depends on the use of the respective terminals and on
Mensions and the number of the respective MOS transistors. For example,
_ %s :rmmal 110 is used as an input terminal, the terminal I11 is not used, and the
land 012 are used as output terminals, the present current divider effects
.- \ n:“"slon defined by the dimensions of the MOS transistor M1 relative to the
of the serially coupled MOS trans1stors M2, M2sl, M2sj and M2ss. If the

X
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relevant MOS transistors have equal dimensions, it can be demonstrated by means of

equation (8) that the present current divider effects a current divisio_n which is inversely
proportional to the ratio between the number of MOS transistors- between the terminal
110 and the terminal O11 and the number of MOS transistors between the terminal 110
and the terminal O12. As a result of this, the signal current Iol1 is four times as large
as the signal current Io12. In the case of unequal dimensions of the relevant MOS
transistors or in the case of another use of the terminals the current division can be
defined in a manner similar tb that set forth above.

Fig. 5 shows a fifth embodiment of a current divider in accordance with
the invention. The present embodiment differs from the current divider shown in Fig. 1
in that the present embodiment further comprises three further MOS transistors M2p1, |
M2pj and M2pp each having a control electrode and a main current path, the control
electrodes being coupled to the :éference terminal R10, and the main current paths
being coupled in parallel with the main current path of the MOS transistor M2. The
present current divider effects a current division which depends on the use of the -
respective terminals and on both the dix__nensions arid the r;umber of the respec_:_ti_vé Mf)S
trarisistors. For example, when the terminal 110 is used as an input terminal, and the
terminals O11 and O12 are used as output terminals, the present current divider effects |
a current division defined by the dimensions. of the MOS transistor M1 relative to the
dimensions of the parallel coupled MOS transistors M2, M2pl, M2pj and M2pp. If the

: releyatit MOS transistors have equal dimensions, it can be demonstrated by means of

€quation (8) that the preseni current divider effects a current division which is

- Proportional to the ratio between the number of MOS transistors between the terminal

110 and the terminal O11 and the number of MOS transistors between the terminal 110
d the terminal O12. As a result of this, the signal current Iol1 is four times as smail
% the signal current Io12. In the case of unequal dimensions of the relevant MOS
Tansistors or in the case of another use of the terminals the current division can be
%fined in 2 manner similar to that set forth above.

| ~ Fig. 6A shows a sixth embodiment of a current divider in accordance with
the invention, The present embodiment, which comprises one further MOS transistor
Mlso having a control electrode and a main current path, differs from the current

| : .
_vlder shown in Fig. 2 in that the present embodiment further comprises an inverter

it IC1, the control electrode being coupled to the reference terminal R10 by means
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of the mverter circuit IC1, and the main current path, similarly to the MOS transistors
Misl, Mlsj and Mlss shown in Fig, 2, being coupled between the main current path of
the MOS transistor M1 and the terminal O11. Depending on the reference voitage Rv10
the p;esent current divider assumes a first active or a passive state. In the first active

§ state of the current dividef__the reference voltage Rv10 causes the MOS transistors M1
and M2 to be turned on and the MOS transistor M1s0 to be turned off by means of the
inverter circuit IC1, whereas in the passive state of the current dividet the reference

voltage Rv10 causes the MOS transistors M1 and M2 to be tured off and the MOS

transistor M1s0 to be turned on by means of the inverter circuit IC1. When the present

| 10 current divider is in the first active state, in which an input current corresponding to the
| fourth sxgnal current lill is apphed to the terminal I1 1, the MOS transistor M1 and the
MOS transistor M2 allow the passage of the respective signal curreats. As the MOS
transistor M1s0 is cut off during the first active state the signal current through the

MOS transistor M1 will be equal to the input current (iill) applied to the termmal 111,
the signal currentS being determined by the input current (lil1) depending upon a circuit
coupled to the terminal (I10). In the passive state the signal current To11 flows through
the MOS transistor M1s0, which signal current is equal to the input current (Till)
owing to the cut-off state of the MOS transistor M. Consequently, the present current
divider has the advantage that the input current (1i11) is divided or not divided in
dependence upon the state of the current divider, which state is dictated by the first
teference voltage Rv10.

15

.

Fig. 6B shows a seventh embodiment of a current divider in accordance
With the invention. The present embodiment, which comprises one further MOS
 Tansistor M2s0 having a control electrode and a main current path, differs from the
Sunrent divider shown in Fig. 4 in that the present embodiment further comprises an
inVerter circuit IC2, the control electrode being coupled to the reference terminal R10
% means of the inverter circuit IC2, and the main current path, similarly to the MOS
Wansistors M2s1, M2sj and M2ss shown in Fig. 4, being coupled between the main
¥ :'e'“ Path of the MOS transistor M2 and the terminal O12. Depending on the
ere""e voltage Rv10 the present current divider assumes a first active or a passive
*In the firgt active state of the current divider the reference voltage Rv10 causes
m::os transistors M1 and M2 to be turned on and the MOS transistor M2s0 to be
off by means of the inverter circuit IC2, whereas in the passwe state of the
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current dividér the reference voltage Rv10 causes the MOS transistors M1 and M2 to be
" wmed off and the MOS transistor M2s0 b be turned on by means of the inverter circuit
IC2. When the present current divider is in the first active state, in which an input |
current corresponding to the fourth signal current Iil2 is applied to the terminal I11, the
§ MOS transistor M2 and the MOS transistor M1 allow the passage of the respective .
signal currents. As the MOS transistor M2s0 is cut off during the first activg state the
signal current through the MOS transistor M2 will be equal to the input current (Ii12)
applied to the terminal I12, the signal currents being determined by the input current
(1i12) depending upon a circuit coupled to the terminal I10. In the passive state the
10 signal current Io12 flows through the MOS transistor M2s0, which signal current is
equal to the input current (1il2) owing to the cut-off state of the MOS transistor M2.
Consequently, the present current divider has the advantage that the input current (li12)
is divided or not divided in dependence upon thé state of the current divider, which
state is dictated by the first reference voltage Rv10. |

' 13.01.1993

Fig. 7A shows an eighth embodiment of a current divider in accordance with
the invention. The present embodiment, which comprises one further MOS transistor
Mip0 having a control electrode and a main current path, differs from the current
- divider shown in Fig. 3 in that the pfesent embodiment further comprises a fourth
lerminal 111 for a fourth signal current lill and an inverter circuit IC1, the control
tlectrode being coupled to the control electrode of the MOS transistor M1 by means of
the inverter circuit IC1, and the. main current path, in a_nother way than in the circuit
shown in Fig. 3, being coupled between the terminal 110 and the terminal I11. In
addition, the present embodiment differs from the embodiments shown in the preceding
Figures in that the control electrode of the MOS transistor M 1 is coupled to a reference
erminal R11 for receiving a reference voltage Rvll and in that the control electrode of
he MOS transistor M2 is coupled to. a reference terminal R12 for receiving a reference

. Yoltage Rv12. Nevertheless, a coupling of the control electrodes of the MOS transistors
M1 and M2 is provided by means of a control circuit CC, which control circuit is

X hown n some of the following Flgures, the reference voltages Rvl1 and Rv12 being

Setived from the reference voltage Rv10 mentioned in the description with reference to
e Preceding Figures. In comparison with the preceding embodiments the present

_emf"’dlment has a second active state in addition to the first active state. In the first

%tive siage of the current divider the reference voltage Rvl1 causes the MOS transistor
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M1 to be turned on and the MOS transistor M1p0 to be turned off by means of the
inverter circuit IC1, and the reference voltage Rv12 causes the MOS transistor M2 to be

turned on. Thus, the current divider subjects the signal current Ti10 to a current division
as defined by the equations (8) and (9), which current division results in the signal
currents Iol1 and Io12. In the second active state of the current divider the reference
voltage Rvl1 causes the MOS transistor M1 to be turned on and the MOS transistor
MI1pO to be turned off by means of the inverter circuit IC1, and the reference voltage
Rv12 causes the MOS transistor M2 to be turned on. Consequently, the current divider
subjects the signal current 1i10 to a current division as defined by the equations (8) and
(9), which current division results in the signal currents Iill and Iol2. Thus, the
present current divider enables the signal current to be transferred toa further current
divider, divided in a first way or divided in a second way depending on the reference
voltage val derived from the reference voltage Rvl10. |
Flg 7B shows a nmth embodiment of a current divider in accordance with
the i mvennon The present embodiment, which comprises one further MOS transistor
M2p0 having a control electrode and a main current path, differs from the current
divider shown in Fig. 5 in that the present embodiment further comprises a fourth

- terminal I12 for a fourth signal current [i12 and an inverter circuit IC2, the control

9

K|

electrode being coupled to the control electrode of the MOS transistor M2 by means of
the inverter circuit IC2, and the main current path, in another way than in the circuit
shown in Fig. 5, being coupled between the terminal 110 and the terminal 112. In
addition, the present embodiment differs from the embodiments shown in the preceding
Figures in that the control electrode of the MOS transistor M1 is coupled to a reference
terminal R11 for receiving a reference voltage Rv11 and in that the control electrode of
the MOS transistor M2 is coupled to a reference terminal R12 for receiving a reference
Voltage Rv12. Nevertheless, a coupling of the control electrodes of the MOS transistors
M1 and M2 is provided by means of a control circuit CC, which control circuit is
shown in Some of the following Figures, the reference voltages Rvi1 and Rv12 being
derived from the reference voltage Rv10 mentioned in the description with reference to
the preceding Figures. In the same way as the embodiment shown in Fig. 7A the
Present embodiment has a second active state in addition to the first active state. In the
first active state of the current divider the reference voltage Rv11 causes the MOS
fansistor M1 to be turned on, and the reference voltage Rvi2 causes the MOS
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transistor M2 to be turned on and the MOS transistor M2p0 to be turned off by means

of the inverter circuit IC2. Thus, the current divider subjects the signal current Iil0 to a
current division as defined by the equations (8) and (9), which current division results
in the 'signal currents Iol1 and Iol2. In the second active state of the current divider the.
reference voltage Rv11 causes the MOS transistor M1 to be turned'on, and the
reference voltage Rv12 causes the MOS transistor M2 to be turned off and the MOS
transistor M2p0 to be turned on by means of the inverter circuit IC2. Consequently, the
current divider subjects the signal current Ii10 to a current division as defined by the
equations (8) and (9), which current division yields the signal currents Til1 and Iol2.
Thus, the present current divider enables the signal current to be transferred divided in
a first way or divided in a second way depending on the referenee voltage Rv12 derived
from the reference voltage Rv10.

'Fig. 8 shows a tenth embodiment of a current dmder in accordance with
the invention. The present embodiment is constructed in analogy to the current dividers
shown in Figs 4,5 and 6A. The present embodiment, which comprises only one
further MOS transxstor M2s1 coupled in series with the MOS transistor M2, differs
from the current dividers shown in the preceding Figures in’ that the present
embodiment further compnses three further MOS trans15tors M2pl, M2plsl and -
M2p1s2 which are coupled parallel to the MOS transistor M2 and which each compnse
a control electrode and a main current path, the control electrodes of the MOS
traJISIStors_MZpl, M2pls1 and M2pls2 similarly to the control electrode of the MOS
tansistor M2s1 being coupled to the reference terminal R10, the main current paths of
the MOS transistors M2p1, M2plsl and M2p1s2 being coupled parallel to the main

y “ment paths of the MOS transistors M2 and M2s1, and the terminal 110 being coupled

2 point situated between the main current paths of the MOS transistors M2p1 and

Wplu The present current divider is a first example of a combination of the current
Givigers shown in the preceding Figures, the signal current lill being divided into the
ms Currents Ii10 and Iil2 in a first active state of the current divider, and the signal

y  tbeing opposite and equal to the signal current Io11 in a passive state of the

t divider. As the present current divider comprises two sections (M1, M2, M2s1
szl. M2pi1sl, M2pls2 respectively) of a ladder network (a so-called R-2R
¥, B, it is easy to see that in the first active state of the current divider forming part

network the signal current Ii10 is attenuated by approximately twelve
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decibels relative to the signal current Iill (each section produces an attenuation of
approximately six decibels as a result of the R-2R ratic), provided that the last current
divider of the laddef_network is terminated in a customary manner by means of two
serially coupled MOS transistors. - |

' Fxg 9 shows an eleventh embodlment of a current divider in accordance
with the invention. The present embodiment i is constructed in analogy to the current
dividers shown in Figs. 3, 4 and 6A. The present embodiment, differs from the current
dividers shown in the preceding Figures in that the present embodiment further
comprises four further MOS transistors M1p1, M1p2, M1p3 and M1p4 which are
coupled parallel to the MOS transistor M1 and each comprise a control electrode and a
main current path, and three MOS transistors M2s1, M2s2 and M2s3 coupled in series
with the MOS transistor M2. The control electrodes of the MOS transistors Mipl,
M1p2, Mip3, Mlp4, M2s1, M2s2 and M2s3 are coupled to the reference terminal R10,
the main-current pgths of the MOS transistors M1p1, M1p2, M1p3 and M1p4 being
coupled parallel to the main current path of the MOS transistor M1, and the main “
cutrent paths of the MOS transistors M2s1, M2s2 arid M2s3 are coupled in series
between the main current path of the MOS transistorM2 and the terminal 012, The
present current divider is a second example of a combination of the current dividers
shown in the preceding Figures, ‘the signal current Iill being divided into the signals
currents 1i10 and Iol2 in a first active state of the current divider in a manner similar to
that shown in Fig. 6A, and the signal current Iil1 being equal to the signal current in
the MOS transistor M150 in a passive state of the current divider. The present current
divider, which forms part of an integrated circuit, produces an attenuation of-
proximately two decibels relative to the signal current Iill, provided that the last

Current divider of the ladder network is terminated in a customary manner by means of
o serially coupled MOS transistors.

Fig. 10 shows a twelfth embodiment of a current divider in accordance
With the invention. The present embodiment differs from the current divider shown in
Fig. 7A ; In that the present embodiment, similarly to the current divider shown in Fig.

3 ' Comprises a further MOS transistor M2p1 having a control electrode and a main

Hirrent Path , the control electrode being coupled to the reference terminal R10 and the
Main Current path being coupled parallel to the main current path of the MOS transistor
 The present current divider is a third example of a combination of the current
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dividers shown in the precedmg Fzgures, the signal current 1i10 being dxvxded into the
signal currents Iol12 and Iill in a first active state of the current divider and the signal

current 1110 being divided into the signal currents Io12 and Iol1 in a second active state

of the current divider. As the pfesent embodiment comprises the MOS transistor M2pl

. a series arrangement of a plurality of current dividers of the present type results in a

jadder network (a so-called R-2R network), in which ladder network in which the signal
current fol2 is transferred with an attenuation of approximately six decibels relative to
the signal current Ii10 in the first active state and in the second active state.

Fig. 11 shows a first embodiment of an integrated circuit comprising a
plurality of current dividers in accordance with the invention. In addition to three
current dividers CD1, CDj and CDs the integrated circuit comprises an input terminal II
for receiving an input current Ii, a first output terminal OI for supplying an output
current Io, a second output terminal OO!1 for supplying a second output current, and a
control circuit CC for supplying the reference voltages required for the current dividers
CD1, CDj and CDs. The current dxvxders CD1, CD_] and CDs, similarly to the current
dividers-shown in Figs. 1, 2, 3, 4 and S, comprise a ﬁrst termmal (110, 50, Is0), a
second tenmnal (011, 0j1, Osl), a third terminal (012, 0j2, Os2), and a reference
terminal (R10, Rj0, Rs0), the respective first terminals (110, Ij0, Is0) being used as
input terminals. The ﬁrst mput termmal 11 is-coupled to the terminal IlO the terminal
012 is coupled to the termmal IjO, the terminal 0j2 is coupled to the terminal Is0, and
the terminal Os2 is coupled to the output terminal OI, the respective terminals O11, 011
and Os1 being coupled to the output terminal OO1, and the re;spective reference
terminals R10, RjO and RsO being coupled to the control circuit CC. Although the
integrated circuit shown in Fig. 11 comprises only three current dividers, the number of
Current dividers in the integrated circuit is not limited to three but one or more further
Cutrent dividers similar to the further current divider CDj may be coupled in series
between the first current divider CDl'.and the last current divider CDs. In the present
Circuit arrangement the input current Ii is successively divided by the respective current
di"idEts, which current dividers are fér example of the same construction as the current
Gividers shown in Fig. 1, 2, 3, 4 or §, yielding a residual output current Io and the
Currents divided via the terminals O11, Ojl and Osl being available on the terminal
00_1- By means of the reference voltages generated by the control circuit CC, which
Yoltages are applied to the reference terminals R10, RjO and Rs0 and which are related
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to the first reference voltage Rv10, the total number of di_vided_ currents can be select_ed
by setting one or more current dividers to a passive state, setting the current divider
CDj to the passive state resulting in the current dividers CDj through Cds bein_g set to
their passive states. The control circuit CC can be constructed in various ways known to

5 those skilled in the art, for example by means of some MOS transistors used as
switches. | '

Fig. 12 shows a secohd embodiment of an integrated circuit comprising a
plurality of current dividers in accordance with the invention. In addition to three
current dividers CD1, CDj and CDs the integrated circuit comprises an input terminal II

10 for receiving an input current Ii, a first output terminal OI for supplying an 6utput
current Io, a second output terminal OO1 for supplying a second output current, a third
output terminal for supplying a third output current, and a cohtrol circuit CC for
supplying the reference volfages required for the current dividers CD1, CDj and CDs.
The current dividers CD1, CDj and CDs, similarly to the current dividers shown in

15 Fxgs 6A, 7A, 8, 9 and 10, comprise a first terminal (110, IJO Is0), a second terminal

(011, Ojl Osl), a third terminal (012, Oj2, Os2), a fourth terminal (I11, L1, Is1) and

a reference terminal (R10, RjO, RsO), the respective fourth terminals (11, Ij1, Isl)

being used as input terminals. The ﬁrst input terminal II i is coupled to the terminal I11,
the termmal 110 is coupled to the terminal Ij1, the terminal OjO is coupled to the
terminal Isl, and the terminal IS0 is coupled to the output terminal OI, the respective
terminals O11, Oj1 and Osl being coupled to the output terminal OO1, the respective
terminals 012, Oj2 and Os2 being coupled to the output terminal 002, and the
respective reference terminals R10, Rj0 and Rs0 being coupled to the control circuit

CC. Although the integrated circuit shown in Fig. 12 comprises only three current

dividers, the number of current dividers in the integrated circuit is not limited to three
but one or more further current dividers similar to the further éurrent divider CDj may |
be coupled in series between the first current divider CD1 and the last current divider

CDs. In the present circuit arrangement the input current [i is successively divided by
the respective current dividers, which current dividers are for example of the same
Construction as the current dividers shown in Fig. 6A, 8 or 9, yielding a residual output
Current o, the currents divided via the terminals O11, Oj1 and Osl being available on
the terminal OO1, and the currents divided via the terminals 012, Oj2 and Os2 being
Wailable on the terminal 002. By means of the reference voltages generated by the
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control circuit CC, which voltages are applied to the reference terminals R10, RjO and
Rs0 and which are related to the first reference voltage Rv10, the total number of
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~ divided currents can be selected by setting one or more current dividers to a passive
state, setﬁng the current divider CDj to the passive state resulting in the current dividers
5 CDj through Cds being set to their passive states. Thus, the present integrated circuit
enables a controlled current division to be realised, which current division can be used
for example for volume control, the input current being attenuated by setting a plurality
of current dividers to their first active states.
_ Fig. 13 shows a third embodiment of an integrated clrcmt comprising a
10 plurality of current dividers i in accordance with the invention. The present embodiment
' comprises a first series arrangement of current dividers (CD1, CDm) having a first
current dividing factor and a seeond series arrangement of current dividers (CDn, CDz)
having a ‘second current dividing factor. In addition to the first and the second senes
arrangement of current dividers (CD1, CDm, CDn and CDz) the integrated elrcult
15 comprises an input terminal II for receiving an input current Ii, a first output terminal
OI for supplying an output current o, a second output terminal 002.for supplying a
second output current, and a control circuit CC for supplying the reference voltages .
required for the current dividers CD1, CDm, CDn and CDz. Similarly to the current
dividers shown in Figs. 6A, 7A, 8, 9 and 10 the current dividers CD1, CDm, CDn and
CDz shown in Fig. 13 comprise a first _terminal (110, Im0, In0, 1z0), a second terminal
- (011, Oml, Onl, Oz1), a third termi‘riél (012, Om2, On2, '622), a fourth terminal
(11, Im1, Ini, Izi), and a reference terminal (R10, Rm0, Rn0, Rz0), the respective
fourth terminals (111, Im1, Inl, Iz1) being used as input terminals. The first series
rangement at comprises least a first current divider CD1 and a last current divider
8 CDm and the second series arrangement of current dividers comprises at least a first

L

Current divider CDn and a last current divider CDz. In the first series arrangement the

nput terminal 11 is coupled to the terminal I11, the terminal 110 is coupled to the
- terming} Im1, the respective terminals O11 and Om! are coupled to the terminal ImO,
Y he respective terminals 012 and Om2 are coupled to the output terminal Q02, and the
"Spective reference terminals R10 and Rmo0 are coupled to the control circuit CC. In
e second series arrangement the terminal In0 is coupled to the terminal Iz1, the
*rmina) 120 is coupled to the output terminal 002, the respective terminals Onl and
Oz are coupled to the output terminal Ol, the respective terminals On2 and Oz2 are
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coupled to the output terminal OO2, and the respective reference terminals Rn0 and Rz0 .
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~ are coupled to the control circuit CC. The first and the second series arrangement are

coupled to one another by means of the terminal Im0 and thg terminal Inl. Although the

| integréted circuit shown in Fig. 13 comprises only two current dividers in both the first

10

and the second series arrangement the integrated circuit is not limited to the use of the
current dividers shown and may include one or more further current dividers,
corresponding to the further current divider CDj shown in Fig. 12, coupled in series
between the first current divider CD1, CDn and the last current divider CDni, CDz. In
the present circuit the input current Ii is successively divided .by the respective current
dividers (CD1, CDm) of the first series arrangement and by the respective current
dividers (CDn, CDz) of the second series arrangement, which current dividers may for
example be similar to the c_urrén_t dividers shown in Fig. 6A, 8 or 9, yielding the

residual oﬁtput current Io and the currents divided via the terminals 012, Om2, On2,

15

il

- 022 and 1z0 being available on the terminal 0O2. By means of the reference voltages

generated by the control circuit CC, which voltages are applied to the reference
terminals R10, Rmo; Rn0 and Rz0 and which are related to the first reference voltage
Rv10, the respective current dividers can be set individually to the first active state or

 to the passive state, an applied current being transferred in divided form in the first

active state and an applied current being transferred in undivided form in_the passive
state. Thus, the present integrated circuit enables a controlled current division to be
realised, which current division can be used for example for the purpose of volume
Control. When the current dividers in the first series arrangement are of a construction
similar to the current divider shown in Fig. 8. and the current dividers in the second
series arrangement are of a construction similar to the current divider shown in Fig. 9
the present circuit has the additional advantage that in the first series arrangement each

- Current divider provides a coarse current dividing factor (twelve decibels) and that in

the second series arrangement each current divider p_rovidés a fine current dividing
factor (two decibels), so that a fine current division over a large range can be realised
by Means of a comparatively smail number of current dividers.

Fig. 14 shows a fourth embodiment of an integrated circuit comprising a
Plurality of current dividers in accordance with the invention. In addition to three
Current dividers CD1, CDj, and CDs the integrated circuit comprises an input terminal
U for receiving an input current Ii, a first output terminal OI for supplying an output
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current Io, a second output terminal OO1 for supplying a second output vurrent, a third
output terminal 002 for supplying a third output current, and a control circuit CC for
supplying the reference voltages required for the current dividers CD1, CDj, and CDs.
Similarly to the current dividers shown in Figs. 7A and 10 the current dividers CD1,
CDj and CDs shown in Fig. 12 comprise a first terminal (110, Ij0, 1s0), a second
terminal (O11, Qj1, Osl), a third terminal (012, 052, Os2), a fourth terminal (111, Ij1,
Is1), a first reference terminal (R10, Rjl1, Rsl), and a second reference terminal (R12,
Rj2, Rs2), the respective first tzrrriinals a1o0, IjO, Is0) being used as input terminals.
The input terminal II is coupled to the terminal I10, the terminal O12 is coupled to the
terminal 1jO, the terminal Om;2 is coupled to the terminal IsO, the terminal Os2 is
coupled to the output terminal OI, the respective terminals O11, Ojl and Osl are
coupled to the output terminal QOl1, the respective terminals I11, Ij1 and Isl are

coupled to the output terminal 002, and the respective refe_rence terminals R11, R12,

Rjl, Rj2, Rsl and Rs2 are coupled to the control circuit CC. Although the integrated
circuit shown in Fig. 14 comprises only three current dividers the number of current
dividers in the integrated circuit is not limited to three and the integrated circuit may
include one or more further current dividers, corresponding to the further current
divider CDj coupled in series between the first current divider CD1 and the last current
divider CDs. In the present circuit the input current Ii is suooessiveiy divided by the
Tespective current dividers, which current dividers may for exa;nple be similar to the
Current dividers shown in Fig. 7A or 10, yielding the residual output current Io and the
Currents divided vig the terminals O11, Oj1, and Osl being available on the terminal
001 and the currents divided via the terminals 111, Ij1, and Isl being available on the
terminal 0O2. By means of the reference voltages generated by the control circuit CC,
Which voltages are applied to the reference terminals R11, Rjl, and Rsl in a first
Modification of the first reference voltage Rv10 and to the reference terminals R12,

Ri2, and Rs2 in a second modification of the first reference voltage Rv10, the

Tspective current dividers can be set individually to the first active state and the second
Wctive state, an applied current being transferred in divided form to either the terminal
001 or the terminal 002. Thus, the present integrated circuit enables a controlled
Curren; division to be realised, which current division can be used for example for a
dfg“al‘tO-analog converter. In the digital-to-analog converter the controlled current
d“’isk’n is effected on the basis of a digital signal applied to the control circuit CC, on
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‘the basis of which signal the first modification of the reference voltage RV10 is
obtained, the second modification not being needed. The control circuit CC may be

. implemented for example by means of a shift register and some MOS transistors used as
switches, the first modification of the reference voitage Rv10 being effected each time

5. after a new word of the digital signal has been loaded. By means of the first
modification of the reference signal Rv10 it is achieved that with each bit of a word of
the digital signal a curreni divider corresponding to said bit is set to either the first
acti\;e-state or the second active state, so that both the current flowing via the output

terminal OO1 and the current flowing via the 6utput terminal OO2 form an analog

10 representation of the digital signal. As in the present circuit only a current divider
comprising four MOS transistors is required per bit it is _poSsible to realise an eight-bit
digifal-to-analog converter by means of thirty-two MOS transistors, which converter can
handle high frequencies.(100 MHz) owing to the compactness of the circuit.

Fig. 15 shows a fifth embodiment of an integrated circuit comprising a
§ 15 plurality of current dividers iﬁ accordance with the invention. The present embodiment,
{ which comprises f_dr example an arrangement of current dividers as shown in Figs. 11,
| 12, 13 and 14, further comprises a voltage—tb-current converter coupled between a
further input terminal IV for receiving an input voltage, the input terminal II shown in
i said Figures, and a current-to-voltage converter coupled between the output terminal OI
‘20 shown in said Figures and a further output terminal OV for supplying'an output voltage,
. a further input current Iii flowing via the input terminal IV and a further output current
Ioo flowing via the output terminal OV. The voltage-to-current converter comprises a
resistive element Rvi, two MOS transistors Mvil and Mvi2 having a control electrode
and a main current path, and an operational amplifier Avi having an inverting input, a
Non-inverting input, and an output. The inverting input is coupled to the input terminal
I by means of the resistive element Rvi, the non-inverting input is coupled to a
reference terminal RR1 for receiving a reference p_otehtial, and the output is coupled to
the inverting input by means of the main current paths of the two MOS transistors Mvil
and Mvi2 and to the input signal terminal I11, the control electrodes of the two MOS
transistors being coupled to a reference terminal RR2 for receiving a reference

Potential. The current-to-voltage converter comprises a resistive element Riv and an
Operational amplifier Aiv having an inverting input, a non-inverting input and an output.
The inverting input is coupled to the input terminal Is, the non-inverting input is
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coupled to the reference terminal RR1, and the output is coupled to the inverting input
py means of the resistive element Riv and to the output terminal OO. As the above

circuits each operate on the basis of a current Fig. 15 illustrates a method of effeéting a
voltage-to-current and a current-to-voltage conversion, the voltage-to-current conversion
being effected in a special manner. Since the circuit comprises the MOS transistors
Mvil and Mvi2 an current supplied by the operational amplifier Avi is linearly divided
into an input current Ii flowing via the input terminal II and a current Iii flowing via the
input terminal IV, which current lii depends on the voltage applied to the terminal 1v;
As the current lii is dictated by the voltage drop across the resistance Rvi the current
supplied to the input terminal II by the operational amplifier and the input current Ii are
determined by a feedback loop comprising thé operational amplifier Avi and the MOS
transistors Mvil and Mvi2, Consequently, a parasitic capacitance at the output of the.
operational amplifier Avi will not affect the input current Ii, enabling comparatively

high frequencies to be processed with a comparatively low distortion, the current |
required for the parasitic capacitance being supplied by the operational amplifier Avi.
Moreover, the circuit shown'in Fig. 15 enables a controllable gain to be obtained, for |
example by scaling the resistive elements Rvi and Riv, or by means a ladder network
coupled between the input terminals IV and I, which ladder network can produce a
controllable gain, for example by means of a further control circuit.

The invention is not limited to the embodiments shown. Within the scope
of the invention several modifications are conceivable to those skilled in the art. For
®xample, many of the embodiments shown can be formed by means of different current
dividers and the current dividers shown can be combined to form an mtegrated circuit in
~Many of the ways shown herein. Moreover, it is to be noted that the MOS transistors of
e current divider can be NMOS transistors and PMOS transistors.




' PHN 13.954 - | 31 o 13.01.1993

-_—

i

1. A current divider for dividing a first signal current (Iil0) into a second
and a third signal current (Iol1, Io12), which current divider comprises a first terminal
(110) for the passage of the first signal current (Ii10), a second terminal (O11) for the
passage of the second signal current (Tol1) and for receiving a first potential, a third

15 terminal (O12) for the passage of the third signal current (Io12) and for receiving a

; second potential, at least a first element coupled between the first terminal (110) and the
second t_erminal (O11), and at least a second element coupled between the first terminal
(110) and the third terminal (012), characterised in that the first element is implemented

- by mms of a first MOS transistor (Ml)' having a control elet_:trode and a main current

%10 path, and the second element is implemented by means of a second MOS transistor

(M2) having a control electrode and a main current path, the control electrodes of the

first and the second MOS transistor (M1, M2) being coupled to a first reference |

E terminai (R10) for receiving a first reference voltage (Rv10) to realise a conductive state

. of the first and the second MOS transistor (M1, M2) during a first active state of the

3 current divider, the main current path of the first MOS transistor (Ml) being coupled
between the first terminal (IlO) and the second terminal (O11) and the main current path

~ of the second MOS transistor (M2) being coupled between the first terminal (110) and

the third terminal (012).

2, A current divider as claimed in Claim 1, characterised in that the current

divider further comprises one or more further MOS transistors (M1s1, M1sj, M1ss)

¢ach having a control electrode and a main current. path, the control electrodes being

coupled to the first reference terminal (R10) for recéivihg the first reference voltage

(Rv10) to realise a conductive state of the one or more further MOS transistors (M1s1,

M_lsj, M1ss) during the first active state of the current divider, and the main current

S Paths being coupled in series between the main current path of the first MOS transistor

- (M1) and the second terminal (011).

-3 A current divider as claimed in Claim 1 or 2, characterised in that the

; Current divider further comprises one or more further MOS transistors (M1p1, M1pj,
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M1pp) each having a control electrode and a main current path, the control electrodes
being coupled to the first reference terminal (R10) for receiving the first reference
voltage (Rv10) to realise a conductive state of the one or more further MOS transistors
(Mlpl, Mlpj, Mlpp) during the first active state of the current divider, and the main
5 current paths being coupled in pérallel to at lusfthe main current path of the first MOS
transistor (M1). ' | _ .
4. A current divider as claimed in Claim 1, 2 or 3, characterised in that the
current divider further comprises one or more further MOS transistors (MZs_l, Mz2sj,
- M2ss) each having a control electrode and a main current path, the control electrodes
' 10 being coupled to the first reference terminal (R10) for receiving the first reference
voltage (Rv10) to realise a conductive state of the one or more further MOS transistors
(M2s1, M2sj, M2ss) during the first active state of the current divider, and the main
current paths being coupled in series between the main current path of the second MOS
transistor (M2) and the third terminal (012). _ | "
| 15 5. A current divider as claimed in Claim-1, 2, 3 or 4, charactensed in that
the current divider further comprises one or more fur;her MOS tra.nsxstors (M2pl,
M2pj, M2pp) each having a control electrode and a main current path the control
electrodes being coupled to the first reference terminal (R10) for tecelvmg the first
reference voltage (Rv10) to reahse a conducuve state of the one or more further MOS
0 transistors (M2p1, M2pj, M2pp) during the first active state of the current divider, and
- the main current paths being coupled in parallel to at least the main current path of the
second MOS transistor (M2). |
6. A current divider as claimed in Claim 1, 2, '3, 4 or 5, characterised in
that the current divider further comprises a fourth terminal (I11) for the passage of a
fourth signal current (Iil1), an inverter circuit (IC1), at least one further MOS transistor
(M1s0) having a control electrode and a main current path, the control electrode being
Coupled to the first reference terminal (R10) by means of the inverter circuit (IC 1) for
Teceiving the first reference voltage (Rv10) to realise a cut-off state of the at least one
further MOS transistor (M1s0) during the first active state of the current divider, and to
realise a conductive state of the at léast one further MOS transistor (M1s0) during a
~ Passive state of the current divider, the main current path being coupled between the
© Wain current path of the first MOS transistor (M1) and the second terminal (O11), and
-é the fourth terminal (I11) being coupled to a point between the main current path of the

13.01.1993
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first MOS transistor (M1) and the main current path of the at least one further MOS'
transistor (M1s0). -

7. . A current divider as claimed in Claim 1, 2, 3, 4 or 5, characterised in
that the current divider further comprises a fourth terminal (I112) for the passage of a
fourth signal current (Iil2), an inverter circuit (IC2), at least one further MOS transistor
(M2s0) having a control electrode and a main current path, the control eleetrode being
coupled to the first reference terminal (R10) by means of the inverter circuit (IC2) for
receiving the first reference voltage (Rv10) to realise a cut-off state of the at least one |
further MOS transistor (M2s0) during the first active state of the current divider, and to
realise a conductive state of the at least one further MOS transistor (M2s0) during a
passive state of the current divider, the main current path being coupled between the
main current path of the second MOS transistor (M2) and the third terminal (012), and
the fourth terminal (112) being coupled to e point between the main current path of the
second MOS transistor (M2) and the main current path of the at least one further MOS
transistor (M2s0). _

8. _ A current divider as claimed in Claim 1, 2, 3, 4 or 5, characterised in
that the current divider further comprises a fourth terminal (I11) for the passage of a
fourth signal current (lill), an inverter circuit (IC1), and at least one further MOS
transistor (M1p0) having a control electrode and a main current path, the control
electrode being coupled to the control electrode of the first MOS transistor (M1) by
means of the inverter circuit (IC1), the control electrode of the first MOS transistor
(M1) being coupled to a second reference terminal (R11), coupled to the first reference
terminal, for receiving a second reference voltage (Rv11), derived from the first
reference voltage, to realise a cut-off state of the at least one further MOS transistor
(M1p0) during the first active state of the current divider, and to realise a conductive
state of the at least one further MOS transistor (M1p0) during a second active state of
the current divider, the main current path being coupled between the first termmal {110)
and the fourth terminal (I11). '

9. _ A current divider as claimed in Claim 1, 2, 3, 4 or 5, characterised in
that the current divider further comprises a fourth terminal (112) for the passage of a
fourth signal current (Ii12), an inverter circuit (IC2), and at least one further MOS
transistor (M2p0) having a control electrode and a main current'path, the control -

¢lectrode being counled to the control electrode of the second MOS transistor (M2) by
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means of the ihvérter circuit (IC2), the control electrode of the second MOS transisto'r
(M2) being coupled to a second reference terminal (R12), coupled to the first reference
terminal, for receiving a second reference voltage (Rv12), derived from the ﬁrst
reference voltage, to realise a cut-off state of the at least one further MOS transistor
(M2p0) during the first active state of the current divider, and to realise a conductive
state of the at least one further MOS transistor (M2p0) during a second active'state of
the current divider, the main current path being coupled between the first terminal (110)
and the fourth terminal (112).

10. An integrated circuit cdmprising a plurality of current dividers as claimed
in Claim 1, 2, 3, 4 or 5, characterised in that the integrated circuit fu_rther_compﬁses' an
input terminal (II) for i'eceiving an' input current (li), and a first output terminal (OI) for

supplying a first output current (Io), the input terminal (II) of the integré_ted circuit

being coupled to a first terminal (110) of a first current divider (CD1), a third terminal
(012) of the ﬁ;st current divider (CD1) being coupléd to a first termmal (Is0) of a last
currént divider (CDs), and a third terminal (Os2) of the last current divider (CDs) being
coupied to the first output terminal (OI) of the integrated circuit.

Il.  An integrated circuit as claimed in Claim 10, characterised in that the

Ny integrated circuit further comprises a second output terminal (001) for supplying a

second output current, respective second terminals (O11, Ojl1, Osl) of the respective
current dividers (CD1, CDj, CDs) being coupled to the second output terminal (OO1)
of the integrated circuit. , .

2. An integrated circuit as claimed in Claim 10 or 11, characterised in that
the integrated circuit further compriSes a. further current divider (CDj), the third
terminal (O12) of the first current divider (CD1) being coupled to a first terminal (Ij0)
of the further current divider (CDj), and a third terminal (0j2) of the further current
divider (CDj) being coupled to the first terminal (Is0) of the last current divider (CDs).

B An integrated circuit as claimed in Claim 12, characterised in that the
B htegrated circuit further comprises a plurality of further current dividers, which further

. 14‘

“rrent dividers are similarly coupled in series between the third terminal (0j2) of the
fiest current divider (CD1) and the first terminal (IsO) of the last current divider (CDs).
An integrated circuit as claimed in Claim 10, 11, 12 or 13, characterised
i that the ihtegrated circuit further comprises a control circuit (CC), respective first '
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reference terminals (R10, Rj0, Rs0) of the respective current dividers (CD1, CDj, CDs)
peing coupled to the control circuit (CC).
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5. An integrated circuit comprising a plurahty of current dmders as claimed
in Claim 6 or 7, characterised in that the integrated circuit further comprises an input
terminal (II) for receiving an input current (Ii), and a first output terminal (OI) for

;  supplying a first output current (To), the input termmal (I) of the mtegrated circuit
i | peing coupled to a fourth terminal (I11) of a first current divider (CD1), a first termmal
- (110) of the first current divider (CD1) being coupled to a fourth terminal (Is1) of a last
1 current divider (CDs), and a first terminal (Is0) of the last current divider (CDs) being
.-; 10 coupled to the first output terminal (OI) of the integrated circuit. | .
16. An integrated circuit as claimed in Claim 15, characterised in that the
integrated circuit further comprises a second output terminal (OO1) for supplying a
second output current, respective second terminals (011, Oj1, Os1) of the respective
_' current dividers (CD1, CDj,. CDs) being coupled to the second output terminal (OO1)
15 of the integrated circuit. |
17. An integrated circuit as claimed in Claim 16,' characterised in that the
integrated circuit further comprises a third output terminal (O0O2) for supplying a third
output current, respectivé third terminals (012, Oj2 0s2) of the respective current
dividers (CD1, CDj, CDs) being coupled to the third output termmal (002) of the
Y integrated circuit.
18, An mtegrated circuit as clalmed in Claim 15, 16 or 17, charactensed in
that the integrated circuit further comprises a further current divider (CDj), the first
terminal (I lO)lof the first current divider (CD1) being coupled to a fourth terminal (Ij1)
of the further current divider (CDj), and a first terminal (1j0) of the further current
Y divider (CDj) being coupled 1o the fourth terminal (Is1) of the last current divider
(CDy). '
19, An integrated circuit as claimed in Claim 18, characterised in that the
integrated circuit further comprises a plurality of further current dividers, which further
Current dividers are similarly coupled in series between the first terminal (110) of the
first current divider (CDl) and the fourth terminal (Is1) of the last current divider
(CDs). - _ _
.. An integrated circuit as claimed in Claim 15, 16, 17, 18 or 19,
ﬂ tharacterised in that the integrated circuit further comprises a control circuit (CC),
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respective first reference terminals (R11, Rjl, Rsl) of the respective current dividers
(CD1, CDj, CDs) being coupled to the control circuit (CC). |

21. An integrated circuit compnsmg a plurality of current dividers as claimed
in Claxm 6 or 7, characterised in that the integrated circuit further comprises an input
terminal (II) for receiving an input current (li), and a first output terminal (OI) for
supplying a first output current (lo), the input terminal (II) of the integrated circuit
being coupled to a fourth terminal (I11) of a first current divider (CD1) of a first series

" arrangement of current dividers (CD1, CDm) having a first current dividing factor, a

first terminal (I110) of the first current divider (CD1) of the first series arrangement of
current dividers (CD1, CDm) being coupled to a fourth terminal (Im1) of a last current

~ divider (CDm) of the first series arrangement of current dividers (CDl, CDm),

respective second terminals (O11, Om1) of the resp_ective current dividers (CD1, CDm)
of the first series arrangement being coupled to a fourth terminal (In1) of a first current
divider (CDn) of a second series arrangement of current dividers (CDn, CDz) having a
second current dividing factor, a first terminal (In0) of the second series arrangement of .
current dividers (CDn, CDz) being-coupled to a fourth terminal (Iz1) of a last current
divider (CDz) of the second series arrangement of current dividgrs' (CDn, CDz), and
respective second temiinals (Onl, 0;1) of the respective current dividers (CDn, CDz)
of the second series arrangement being coupled to the first output terminal of the
'integrated circuit. _ .

22, " An integrated circuit as claimed in Claim 21, characterised in that the
integrated circuit further comprises a second output terminal (002) for supplying a
second output current, respective third terminals (012, Om2, On2, Oz2) of the
respective current dividers (CD1, CDm, CDn, CDz) being coupled to the second output
terminal (OO2) of the integrated cifcuit, a first terminal (ImO) of the last current divider
(CDm) of the first series arrangement of current dividers (CD1, CDm) being coupled to

~ the fourth terminal (Inl) of the first current divider (CDn) of the second series

arrangement of current dividers (CDn', CDz), and a first terminal (Iz0) of the last
current divider (CDz) of the second series arrangement of current dividers (CDn, CDz)
bemg coupled to the first output terminal (OI) of the integrated circuit.

23, An integrated circuit as claimed in Claim 21 or 22, characterised in that
the inté_:grated circuit further comprises a further current divider, the first terminal (1105
In0)) of the first current divider (CD1, CDn) being coupled to a fourth terminal of the
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further current divider, end a first terminal of the further current divider being coupled
to the fourth terminal (Im1, Iz1) of the last current divider (CDm, CDz).

24. An integrated circuit as claimed in Claim 23, characterised in that the
integrated circuit further comprises a plurality of further current dividers, which further
current dividers are similarly COupled in series between the 'first terminal (110, In0) of |
the first current divider (CD1, CDn) and the fourth terminal (Im1, 1z1) of the last
current divider (CDs, CDz). '

25. . An integrated circuit as claimed in Claim 21, 22, 23 or 24, charactensed
in that the integrated circuit further comprises a control circuit (CC), respective first
reference terminals (R10, Rm0, Rn0, Rz0) of the respective current dividers (CD1,
CDm, CDn, CDz) being coupled to the control circuit (CC).

26. An integrated circuit comprising a plurality of current dividers as claimed
in Claim 8 or 9, characterised in that the integrated circuit further comprises an input

_terminal (II) for receiving an input current (li), and a first output terminal (OI) for

supplying a first output current (Io), the input terminal (II) of the integrated circuit
being coupled to a first terminal (110) of the first current divider (CD1), a third
terminal (O12) of the first current divider (CD1) being coupled to a first terminal (Is0)
of the last current divider (CDs), and a second termir_lal of the last current divider
(CDs) being coupled to the first output terminal (OI) of the integrated circuit.

27. An integrated circuit as claimed in Claim 26, characterised in that the

.integrated circuit further coinprises a second output terminal (OO1) for supplying a

second output cufrent, respective second terminals (O11, Ojl, Osl) of the respective

current dividers (CD1, CDj, CDs) bemg coupled to the second output terminal (OO1)
of the integrated circuit.

28, An integrated circuit as _claimed in Claim 27, characterised in that the -

 integrated circuit further comprises a third output terminal (0O02) for supplying a third. -

output current, respective fourth terminals (I11, Ij1, Isl) of the respective current
dividers (CD1, CDj, CDs) being coupled to the third output terminal (002) of the
integrated circuit.

29, An integrated circuit as claimed in Claim 26, 27 or 28, characterised in
that the integrated circuit further comprises a further current divider (CDj), the third

terminal (O12) of the first current divider (CD1) being coupled to a first terminal (1j0)
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of the further current divider (CDj), and a third terminal (Qj2) of the further current
divider (CDj) being coupled to the first terminal '(Is0) of the last current divider (CDs).
30.  An integrated circuit as claimed in Claim 29, characterised in that the
integrated circuit further comprises a plurality of further current dividers, which further
current dividers are similarly coupled in series between the third terminal (O12) of the
first current divider (CD1) and the first terminal (Is0) of the last current divider (CDs).
31. An integrated circuit as claimed in Clalm 26, 27, 28 or 29, characterised
in that the integrated circuit further comprises a control circuit (CC), respective first
and second reference terminals (R11, R12, Rjl, Rj2, Rsl, Rs2) of the respective
current dividers (CD1, CDj, CDs) being coupled to the control circuit (CC).

32. An integrated circuit as claime.d._in any one of the Claims 10 to 31,
characterised in that the integrated circuit further comprises a further input terminal (IV)
for receiving an input voltage, a further oufpht terminal (OV) for sﬁpplying an output
voltage, a voltage-to-current converter, and a current-to-voltage converter, the voltage-
to-current converter being coupled between the further input terminal (IV) of the
integrated circuit and the input terminal (II) of the integrated circuit, and the current-to-
voltage converter being coupled between the first output terminal (IO) of the integrated
circuit and the further output terminal (OV) of the mtegrated circuit.

33. - An integrated circuit as claimed in Claim 32, characterised in that the |
integrated circuit further comprises a reference terminal (RR1) for receiving a reference
voltage agid a further reference terminai (RR2) for receiving a further reference voltage,
and the voltage-to-current converter comprises a resistive element (Rvi), at least one
MOS transistor (Mvil, Mvi2) having a control electrode and a main current path, and
an operational amplifier (Avi) having an inverting input, having a non-inverting input,
and having an output, the inverting input being coupled to the further input terminal
(VD) of the integrated circuit by means of the resistive element (Rvi), the non-inverting
input being coupled to the first reference terminal (RR1), the output being coupled to
the inverting input by means of the main current path of the at least one MOS transistor
(Mvil, Mvi2) and to a terminal (il 1, 110) of the first current divider (CD1), and the
control electrode of the at least one MOS transistor (Mvil; Mvi2) being coupled to the
second reference terminal (RR2) of the integrated circuit.
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