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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
o coubled between the first terminal and the second terminal, and at least a second
1 element coupled between the first terminal and the third terminal.
' The invention also relates to an mtegrated 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 sxgnal currents, a blas current
determined by the first and the second potential. .
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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coupl ed between the ¥irst termnal and the second terminal, and at |least a
second el enent coupl eﬂlisbﬁ;emgsrgegmﬂp‘a&ast termnal and the third term nal.
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n the present docunent a signal current .
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is divided in accordance with-a ratio dictated by a resistance val ue
r epr esent eigcuisy enghling; the respective 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
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
Acordance with the invention will be corroborated by the theory derived on some of the

g

25

30




and the second resistor. ' A'di sadvant age of the current

di vider realised by neans of the first and the second resistor is that the
resistors occupy a conparatively |large sem conductor area in an integrated
circuit andpf.ﬂqel g5l st ance val ues, which 3re influenced by parasi13.01.1993
effects, give riseto a usually non-linear and conparatively inaccurate
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accordance with the invention complymg with this requirement by means of the first
5 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
10 divider, allowing the dimexisions to be chosen freély. 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
IS owing 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
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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 termmal
4nd the MOS transistor coupled between the first and the third terminal. When the
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It is an object of the invention to provide a current divider which
realises a substantially linear and conparatively accurate current division
by neans of a conpact circuit, enabling the respective signal currents to

be swi tched vml;}m%gg gi ng af f ect ed by an infjuence occurring during 13usr, £693
di vi si on. : A current divider.in-accordance with the invention
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whi ch the cur rsmmledn&actmrateanmpnbyenahs of alunity MOS8 transiseort di vi si on of an
i nput current. For the Xur ! erht em{mc\lment of a current divider in accordance with the
10 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 ﬁrsr reference termirlal 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
15 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 ﬁrst 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
% ::“de’ can be adjusted to a desired value in a comparatively srmple and accurate
Aaner by means of a unity MOS transistor.
| A third embodiment of a current d1v1c.ler. in accordance with the invention
May be Characterised in that the current divider further comprises one or more further
08 Wansistors each having a control electrode and a main current path, the control
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characterised above this means that the first active state corresponds to -
t he conductive state of the first and the second MOS transi stor because a
current division is inmpossible in a cut-off state of the first or the

second trapsig8@54 However, the inventiof is based on the recogri30i993
of the fact th the main current path of a MOS transistor inherently

exhibits ‘a sy es biing EuplefioSthe firsYeSdreroe Bthinil fop Teceiving fthe first irefetence

characterised dbove reallses a current division, which current division.is
i ndependent of yghiagé toprealiseia canductiysstatecpfithe one or mose furtheriMQS tzansistors during

i ndependent of the potenti.al n r ctli T 1 : )
di vision freali ﬁ'é%"é?c?‘ﬁes@ﬁﬂ?éﬁet C%tﬁﬁaghgpégp%ﬁa&'w&éhﬁs&ﬁé Stmpled n
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rel ati onship between a voltage across its main current path and a current

through its gaienmioals Asrthe pentrol elgstrodes of:thecunerasmmors; furtbet MOS trangigtarsoret he
b oper ti es-of _eBieR g s ersEripanee friipal SpcisABing . fritdERrenck VI8t fhe Mos
corroborated byudsfifrd BoiRprised By the GufrénEaiviiep fard bohductive in the first active state. As a
| o 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
10 the dimensions of the MOS transistors coupled between the first 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 dividér are equal the one or
more further MOS transistors merely provide an e_itension.of the main current path of
the second MOS transistor, as a result of which extension the ratio 'betwo;en the second
15 and the third signal current is inversely proportional to the ratio between the number of
MOS tfansis_tors between the first and the second terminial 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._v'aluer in a comparatively

simple and accurate manner by means of a unity MOS transistor.

2 . A fourth 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 cbupled 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
Parallel to af 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
' 2 ::Tnt divider are oondﬁctive’in the first active state. As a result of the conductive state
. "Put current applied to the first terminal and corresponding to the first signal current
Yl be divigeg in dependence upon the ratios of the dimensions of the MOS transistors
“Upled betyeen 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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present - day scplifeaaluedhni congraratively sitmpleaid Mrziemanﬂe:ah)c mednmoﬁa \wnith MOS8
i nvention provides a conparatively accurate current division and can be

i npl ement ed bytrapsigefpact circuit owing to.the free- ch0| ce of the
dimensions. Wen the di 44 GiSodiheht 6t 4E8trent divider in accordance with the invention

10 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
hanmstor_hawng 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

15 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

20

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 and
the third signal current in a substantially |ine Em“ﬂll EI‘ a result of .
whi ch thei current, digd,der in-accordance wit hgt he ns a - :
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the at least one further MOS transistor during a passive state of the current divider, the

main current path being coupled between 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
IS 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
dependence upon the first reference voltage. When the present current divider is in the

~transistors of the current divider are the sa isiﬂ | RRBLenGHp L&At

- corresponding to the first signal current is di H

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 the 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 ciment)
 depending 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.
'C°“s°quently, the present current divider has the advantage that the input current is

2

| fiivided 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
N mve"'ﬁm may be characterised in that the current divider further comprises a fourth
4 for the passage of a fourth signal current, an inverter circuit, and at least one
et MOS transistor having a control electrode and a main current path, the control




of the main current path transistor, as a result of which
ext ensi an t he §3.95pet we and g he third signal curreng3iol.1993
“inversely pro tlonal to the ratlo bet ween t he nunber of MOS transistors

‘between ithe fl{ca.;,d eBeing Esu wefcaﬂwr@léctﬂm dffthe FrstMOSOkan¥istor! By? hehstd 6F S

bet ween t he f?l and the th| rd term nal. Thus, the current divisi‘on

real i sed by tmemm@mucuﬂwmtrql elb@tmdecdrthbéirstdjﬁﬁ& wansistor:being coupled t0 ae
in a conparativel and.accurate g r_py neans .of uni ty. MOS .
{ransi ot or - second eterete ExRbialcEuleRt B R S roference Jpvminel, dpt Topeiving.s second
accor dance Wi ,Ief;re}.&evoltage, derived from the first reference voltage, to realise a cut-off state of
5 the at least one furthexf MOS transistor d{xring the first active state of the current
divider, ahd to realise a conductive state of thc .at least one further MOS transistor

4 dinmensions of the 0SS hohReplited he present current divider are
equal the one or nore fur m ﬁlﬂlcgtors merely provide an extension

 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

10 active state. Whereas in the first active state the present current divider is capoble 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 termmal and correspondmg to the first sxgnal current can be

15 divided in a first manner or in a second manner depending on the ﬁrst reference

voltage, .

An elghth embodiment of a current divider in accordance with the
mventxon may be characterised in that the current divider further comprises a fourth
tt"l’mmal_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 i nverter circuit, the control electrode of the second MOS transistor being coupled |
%0 a second reference termmal, 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 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

20
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Guring 5 second active state of the current divider, the main current path being coupled
Petween the first terminal and the fourth terminal. The present embodiment, similarly to
3 :: :‘-Venth embodiment, differs consxderably from the preceding embodiment because
Urrent divider has a second active state. Whereas in the first active state the present
ne“t divider j is capable of realising a current division by means of the first and the
| %M Mos transistor, the current divider in the second active state is capable of
M'Slng a current division by means of the ﬁrst and the at least one further MOS




conprises one or nore furt tors each havi.ng a control
el ectrode and a nain curren ntrol el ectrodes being coupled to

the firstjrefere m nal first reference voltagg.6R1993
realise ax conduBBﬁ@gtgggate of the one or nore further MOS transi stors

ot e et o oupnait CombQIeLp’ oh Se KUEER i 8t S5 crinal e cpHeiing

first MOS;trans|shofiest ﬁgnilhﬁnfeﬁﬂbambe divédedr indefirspimanher onin @ second andnner her
MOS transrstors are coupled to the first reference termnal for reéceiving

the first gefermemimgﬁﬁ thefinsheefepence YeliBest or s conprised by the current

di vi der "are conductive i f

conduct v stare an | o R p Uity 36 HBoq AoVt i3 tiekn heskiffs

cor r espondi ng Iy fﬂ\dfina?lwwtimlﬁuéd advantigeoushys foi exaimplej in areimegleted eircuit.

upon the ratl | mensi.ons of the MDS transistors coupl ed Betweéﬁ
the first and the secondAtféﬁhﬁﬁhpdlthﬁ%“ itegrated circuit ¢p AP

he f dth
Ergns: ;fgr Snl nt F‘ﬁ-@%gqngglg (I rq‘f‘?&lgﬁ? di Vi Bﬁbrem%ﬁ‘@&?}n 3 e thatddferibiPin that the

are e ua the one Or nore
further MOS tragg pfdtedl Girclitrfattiierdcompribes an\&nylarlermjnﬂffor Inmelmg]anunpmmn'pmt, land

of the second l\/DStranS|sto S aresult of which w denin e ratiLo
bet ween t he secorﬁéﬁt&hml“tﬁgm“m of supplying %mé’t‘\‘ﬁp‘ﬁ@“’ﬂ?@pgﬁ “"F'U“h Rf the

ratio dbtefe Weept gt Gfcul el 4@@5& RIS (QRNET o fift Eh{réﬁt dVidet,Nethird

e nu transi stors between
terminal of the ﬁrst current divider bemg 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
15 in accordance with the first, the second, the third or the fourth embodlment. The

integrated circuit is inter alia capable'of dividing the input current into various further

i nvention may be characterdsed mﬁ b%tkeﬁg@dcurrent di vider further

currents, including the output current and allows the ratio between the various further
cutrents to be defined comparatively accurately o . |
_ A second embodiment of an integrated circuit cmﬁprising a plurality of
2 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 current, the input terminal of the
integrated circuit being coupled to a fourth terminal of a first current divider, a first
terminal of the first current divider being coupled to a fourth terminal of a last current
ivider, anq a first terminal of the last current divider being coupled to the first output
terming) of the integrated circuit. The present embodiment of an integrated circuit may
_ “ploy, for example, the current dividers in accordance with the fifth and the sixth
embod‘mem by means of which current dividers it is poss1ble to divide or not to divide
; 30 ¥ Surrent 0ng to the use of the relevant current dividers the present integrated circuit
| cmlt::::la‘l"aﬂtage that the propomon in which the input current is divided can be
the Q:d by means of the ﬁrst reference voltage, the output current being obtained in
of an active state of the current dividers comprised by the mtegrated cucmt




the first and the th| rdlhtls jul Thus; the current division realised by
t he present current gitusted to a desired value in a
canpar ati,vely sinple and m m’ nner by means of a unity MOS

i di merd of a current divider 1301.1993

transi st:i 1?{954
accordange w ?ﬁNt e invention nay be characterised in that the current

di vi der ffurt hﬁus GRéTpresent intogratedreirtuitenhbies, for exahfle, & vohsne tontrol 20.08 haVI ng
a control} el ectt'ode and a main current path, the control -

5 el e’ctrodes,ehmedag coupl ed to the first reference termnal for recei vi ng

the firstf reference f or

nore furtther MOS transi g{iﬁp&n%i&rlfn%ﬂ{ o ﬁl@&%%&bﬂ?cﬁﬂrﬁhﬁnﬁ ﬂl“ﬁﬂﬂysf
current dividers in accordance wrth the invention may be characterised in that the

5 integrated circuit further comprises an mpu_t terminal for receiving an input current, and

| a 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 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
10 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
| 15 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
2 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 circyit 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
“Miructed j 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




the first active state of the current divi der, and the mmin current paths
bei ng coupl ed i'n seri es ThisShuertas Bbem Reptedad cur rent path of the second MOS

transistQr and the third MN“VMI‘ mlﬂﬁlﬁhe control electrodes of the one-or
nore furtgher | st d togthe first reference terjqAaal _
for receijvi ngmiiﬁit refrerence v ge t]hle MOS transistors corrprlﬂsigg'lggls
the currgnt divider, | L. thesfl i §

of the c nduct@%@sgogf g'egﬁaf%g%l{ex%u{r@e ? g(%pt{xli@g?{%ylﬁeni_ # #&m@@ﬁ r?gﬁ ﬁgé])(rjs
correspondi ng tbd@s $witches.si gnal current will be divided in dependence

upon the fatios of the dinensions of the MIS transi stors coupl ed hetween
the. firstfand the secoddsaventhembodiment ofan\integrated, sirguit,comprising @

i1
the firstjand the,thi er ni - is L, Q0S :
transistofs i rF“FWédg Jeegsen %‘E@éﬁ? W&f‘%@f"%@@%ﬁé ?%CW%QE
further MOS §riaBsied citcuitfarthey comphiseda fupthexinpus tepmimil forfeceiving ai/inpant
path of the sselcond MOS transi stor?ﬂas a res.ulr?“of whi ch extenisnilon ?ﬁg ratio

bet ween the sewltage, fiathenoutpyt tegminal fon supplyingan pytpuhveliage; ¢ violtagryta-cusrnt

to the ratio bet or - oft i ' d-

t he second terwwgblgﬁtcﬂ'ﬁﬁ@ogl ?’aﬁ‘é%ﬁg?%%% n%{liéé{e? }bres and
the third,ter ngoliidd befWeen, thé fiertieer rinmn ttershinalsofathe fretegracedcifenitidng the dspunt
current dirvider can be adjusted to ,a desired value in a conparatively

sinpl e and acclemminabof e iafegraled fircyil, and the gurrept-{ArMoktags converr being coupled

A fourth emipdipRat wmeffird Sutblt omitAIdARE iftBgARIAARGRA the Rurthi JuR Urnfiflal
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
. 15 current dividers in accordance with the invention may be characterised in that the
: intégrated circuit further mmpﬁses a reference terminal for receivihg a.reference
" voltage and a further reference terminal for receiving a further reference voltage, and

- the voltage-to-éu_rrent converter comprises a resistive 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
% :::: Path of the at least one MOS transistor and to a terminal of the first current

e see;:nd the control electrode of the at least qne MOS transistor being coupled to

%mpﬁsed refere.nce terminal of the integrated circuit. The present embodiment

o Subj:: Speclal.version of the voltage-to-current cc-mverter, which special vergi_on is

S thtoln_on-lmw effects as a ;esult ofa parasipc capacitance appearing at the
X 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

nd forming part of the first current divider. Whereas the further current




may be characterised in that the current divider further conprises one or
nmore further MOS transi stors each hHaving a control electrode and a main
current path, the control el ectrodes being coupled to the first reference
termnal f@r recej 9? the first reference jpvoltage to realise a 13.01.1993
conducti ve steuﬂﬁNJp he one or nore further MOS transistors during = the
first actiye state aCeirreflt ¥hsifk- toaRé firiifer TahEnCHividRPbyRAE hs bei ng
coupled in vigeT to at least the main current path of the gecond MOS
transi stor.f orpgﬁ fab amplbifier into acmmdesmaft thraugh the tputrterminial and arcurent

transi storg-are coupl ed to t r term.nal _for receivi he
first referfncanroughtheft 6o W&%ﬁéﬁ‘?ﬂ rtg Eaémggl?dtﬂr‘” Jt.1s also iﬂF&
CondU%ﬂag@diog pridudeli‘atiosd the #istibe kRmefE b theipht "‘?er epe

di vi der ar
conductive ktatt¥ I nput current applied to t

cor r espondi g t @ndequenty, ithet opeirationial amplifier: supplies a cusrént tbdhdfutﬂma‘umnt divider,

dependence Jpon the ratios of the di.nensi on of L transi stor.
coupl ed bet Neenwhmé“ff‘?“fést og,q&temgleggyoq,a &g'ﬁggs é"g? By the

coupl ed fal Ghprifier, st and the third term nal . When the dinensions
ofthe'NDSiran stors I n ,

The above and other (more elaborate) features of the invention will now

10 be described in more detail with reference to the accompanying drawi_ngs, 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, | | '

13 Figure 3 shows a third embodiment of a current divider in accordance
with the invcntion |

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
Vith the invention,

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

% Vith the j Invention,

Figure 7A shows an eighth embodiment of a current d1v1der in accordance
Vith the llWent]ou .

il Figure 7B shows a ninth embodiment of a current divider in accordance
the { mVentlon

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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second MOS transistor, as a ch widening the ratio between «the
second and fhe thi rd SI gnal

_ opor ional to the ratio betwege
- the nunber pf N@N’t |stors bet ween the firdst ‘and the second term\lfxg&zﬂ\%?3
t he nunber §f MOS transistors betvveenthlﬁ@flrst and the third_ ternmnal. .
Thus, the cérrent di V|S|5\3“Fee shQws 3 fwe W@Hﬁ?ﬂt&frar%"&d&‘flﬁrm@&ﬁo@@“

adj usted tofa desi re%ﬂ@b in a corrparatlvely si npl e and accurate manner
by neans: of ja urWl ransistor. A fifth enbodi ment of a

current divifder in accorl!rgnmell/vshdwshﬁrstrenﬁmdlmmtmf)anhmegmchciram emdpmsinga
that the curfrent divider fur&w conprises a urth termnal for the _
passage of g fouplurdityse gwgﬁﬂfc In Wm@r ¢ invention,at | east one

further MOS kransistor W %&%
the control lel éctrode be 8&2}3%5 %g&oﬁh%ﬁﬂrogﬂﬁ tﬁ?’gragnlg%b?aerm&%&ﬁ{ lli'smg
means of thej i nvgirgity of current dividers &t ecoordemce withf the Shventibry ence vol tage to

realise a cuj-off state of th t | east, one fuyurther MOS transi stor
' | . Figure f3 shows a thn'd0 embodiment of an integrated c?rcmt comprising a

plurality of current dividers in accordance with the invention,

t he present curreént d| Vi der are equal ne or nore further MOS
transi stors merely provi dghigS ’Bﬁ m e main current path of the

Figure 14 shows a fourth embodiment of an integrated circuit comprising
10 a 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 correspondmg 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 M and M2 are coupled to a reference terminal R10 for recelvmg a first
Mm“ 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'
i, T M1 being coupled between the terminal 110 and the terminal O11 and the
'nd :"e"t Path of the MOS transistor M2 being coupled between the terminal 110
Stminal 012. Since the respective main current paths exhibit a symmetry which
erem ina MOS transistor a current divider in accordance with the invention

X g two Or more MOS transistors performs a linear current division

dently of the signal current Ii10 in the current divider and independently of the
Wo O Said terminals O11 and O12, which linear current division is corroborated
“)gl vy of the theory derived hereinafter. The relevant theory is based on an equation
OW, which equation is a general equation for a current flowing through th‘? :



. . . —-‘/ . . .
during the first active state of the current divider, and to realise a
conductive state of the @ﬁ,séiﬂamwﬁkéﬁwtdher MOS transi stor during a

 passive state of the curr e main current path being coupl.ed.
. between the |n current
- termnal, a lﬂﬁﬁﬁh t

H@ t ransi st or and the Sﬁgiﬂg? |
| el ng cou e to a point bet ween %
2t 1 east on ?Lﬁgﬁén&@%tm@??ﬁsﬁtﬁf of,8" s Tt £ i, Beict o

state of a rrent di n state in whichthe
CL i Yor gt €ixBfin 006y, 006l YOrke ST,

current divi realisi a current division of an input
current. Si. e the prese current di vider can exhibit the first active
state and t passive stat® a current division can be realized in
dependence he £i¥st rehqmgnv§)vqumggv ) VA¥p t he present current (1)
divider is if th firsk agtive state, in which an | nput current
corresponding to the fourth signal current is applied to the fourth
termnal, the first MOS transistor and the second MOS transi stor allom/the
passage of the second signal current and the third signal current

respecti vel t theon e Raif ichfrent
p y tﬁ@ gcondegﬁﬁna:vgsld represdnid e dutrent! floRig ghothi n

active state rrent wll be equal to the input current
applied to thes vy isapotentlal on theieentro electrods (@ate).t Vi mamgnaal qu% figst side

depending. up ﬂeien@%fe@ﬁ ket A"V, if § BotehBRh RcPRE side Goutoly)of the main
state a signal it i, Vo is\wspotéaialioh atpointof th atanh lieré pa, Wois thewwidih of the
si gna

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 bemg 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 u
(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 equauon B
) Q) ) :

A .
F(-vl’vx) i J. “(Vglvc) Q(Vg,'Vc) av, . (2)
m"““eﬂt I3 through the main current path (equauon (1)) can be expressed in

"pified fopm by the following equation (3)

I, . .
- {P(Vy,V,) - F(Vy,Vy)} (3)

b .

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

gy, 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

1 .
= WMI
T FOR0Vou) - F(VRi0,Vni0) } | (4)

L




current is equal to the input current owing to the cut-off state of the
first (and the This Sheet Has Been Replaced 7 . second)
MOS transj|stor. Consequen m"“mmlmﬁﬂﬁnt current divider has the advantage.
that the gnput current |s t di,gl ded in dependence uponyat
state of §he m[NrBrﬂ di vi te | dictated by the flrstQ36F1993
ref erencefvol t age. A sixth enbodi nent of a current divider in
accordancg with the i tion may be characterised in that the current
di vi der f rtherldﬁpnspr §F(¥ridVaie} ni FlVeror Vet passage of a four t HS?
signal cufrent, an in/®er circuit, at least one further MOS transistor
having a gontrol electrode and a nmain current path, the control el ectrode
bei ng coud ed ﬁ@p&tedtm Vi & iareqparorise)rand(5)ty amomrlineaf furiotion of ¢he signal
re t he

circuit f

el Vi ng
cuﬂﬂﬂ]il

i10. If the potentIal V0 for a given 31gna1 current Ii10 is represented as a potential

and where the potentials Vg, and V¢, are constant and independent of

V1100 2 change of the relevant signal current Ii10 results in a change of the currents
5 Tga and Invp through the main current paths, the respectlve changes bemg given by

Wagy . . '
Alaq = Ioll. = M {F(vmo,vm(nlo)) - F(VRi0:V110(0))} (6)
and
y | I
Algp = Iol2 = # {F(VRy0,Vi10(I110)) - F(VR30,V10(0))} (7}
. M2 h |

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

1011

—

- Wmi Im2
1012 |

M1 M2 (8)
Wme Ly _

which equation represent:'i 'a curretit dividing factor dictated rby the dimensions of the
i 0 Mos transistors, Fquation (8)' corroborates the above statements that the current

division, e, the current dividing factor, is independent of the signal current Iil0 and
independent of the potentiéls Vo1 and vg . For a complete description of the current
divider in accordance with the invention the following equation (9) is required in
Wdition g equaﬁon @® |

10 = _ 1011 - 1012 (9)
Is

Yich quation represents the change of the signal' current Ii10 in relation to the

‘“pecﬁ‘,e signal currents Iol1 and Io12. From equations (8) and (9) it follows that in
% of an input current corfesponding to the signal current Iil0 this defines the
Signal currents (Io11, To12). In addition to the above considerations it is to be
 On 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

N
h-ted



first reference voltage to realise a cut-off state of the at |east one
~further MOS transistor during the first active stThis@hefHdsBeenReplacit

divider, and to realise a conductive state of the ﬁ“ll!ﬁmﬂﬂ!m urther MOS
transi stof durin ssive state of the cuggent d in

pat hbei n couﬂﬂg&iggfv\een the main current ié)ath o] e's fﬁ’.bﬁ.el@b:}
"transi stof and the thi. rm le) 4o (t.h term in 0 to
a point b tvveesmﬁ‘}‘?éa‘m?i"% S{aﬁq{%ﬁ% lec\lteﬂR%# Rﬁé?@%gﬂ ’ﬂ&&ﬂegﬁ@%%&eﬂﬁ he -

mai n curr
present c
state a ¢

nt p,?,g,gs;afs rédifired! fol @@réntadividet hotWeing Efecified) WitiéiPénabids i Sorhpidtt

rrent™divider can exhibit the first active state and the passive
r r engyrrefitdividesito berrealisedeal i zed i n dependence upon the first
ref erence

| tage. \When.. t.divi-der is imethe £irst acti
Cate  npant chan | nodib ot sPRAE & bodnd diiaiibot o Y cirfont Bitifer i fospradlite ooy
is applieqt ¢ fivehtion. aThei pradent bMBodinient differs frof theduefen iVide? Shéwa G d
MOS transiist or al low the passage of the second signal current and the third

si gnal curjr ent Figekinahati the pgesent-embodiment; furthencenprises 4i fourth terminaliI14for a
during thg first .acti tye <t he Lhir i [ L ¥ e t e
ourt 19, el 1 Bt BTt LB RbS RSBl i, BBy ol
si gnal curf ent pRfp a@oftedlcslettrode ahd af Mgin dutent Hathl The tdridisaltIni fidlcqipdetio a
current) depending upon a circuit coupled to'the first termnal. I'n the
passi ve sthto i bgHeen hermaincurenath b therMORtransistors Miand Misis tae eontrol
whi ch si gnal ,,c ' | . | ¢ ' f
state of 't nells BEBRIS e e oithe iotersnE Wrni 3010, oRH ROt btk Habd are
: serially coupled between the main current path of the MOS transistor M1 and the

terminal O11. Although Fig. 2 shows only four terminals 110, I11, 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 M1sl, M1sj and Mlss. The present current divider
effects a current division which depends on the use of the respegtive terminals and on
both the dimensions and the number of the respective MOS transistors. For example,
when the terminal 110 is used as an input terminal, the terminal I11 is not used, and the
t‘g'l'lilinals 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, Mls1, Misj and Miss. If the
' | Televant MOS transistors have equal dimensions,'which equal dimensions can be
: _M‘”d simply by means of present-day scaling techniques, it can be demonstrated by

fm“s of equation (8) that the present current divider effects a current division which is
% ' #lversely Proportional to the ratio between the number of MOS transistors between the

Yerming] 11 and the terminal O11 and the number of MOS transistors between the

:m""m” 110 and the terminal O12. As a result of this, the signal current Io11 is four

mes 2 small as the signal current Iol2. In the case of unequal dimensions of the

& .
. .Vam MOS transistors or in the case of another use of the terminals the current
18 :

X %On can be defined in a manner similar to that set forth above.

1§

Fig. 3 shows a third embodiment of a current divider in accordance with

Nvens: | . ,
g “Nition. The present embodiment differs from the current divider shown in Fig. 1

“lpj the Present embodiment further comprises three further MOS transistors Mipl,
“4 Mipp each having a control electrode and a main current path, the control



Consequent | y,- the present current divider has th Xa age that the I nput
current is divided or not divided in dependence

t he
;current'divider which state is dictated bythefl ,Ivoltage
"A seventh g niosaf - a current divider in7accor i 1860111993
may be ch act |sed in that the current divider further conprises a fourth

term nal f W%ﬁfg Gupledf 19Uthé Feferepoe termitial R10, and thewain Qirrent pathst |
and at le t o] further MOS transistor having a control el ectrode and

a nmain cur§ent peagdoupleddn parallelowith the main current path of the MOS transistorgM1. Th
el ect rode el ng, couplcah bflide? S8 Qlrcih SRAGGHSHRn dpndd 6 nd iR of he
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
3 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::mh of the MOS transistors M2s1, M2sj and M2ss. The present current divider
b i ::‘ffent division whlch depends on the use of the respective terminals and on
Mensions and the number of the respective MOS transistors. For example,
the terminal 110 is used as an input terminal, the terminal I11 is not used, and the

X

o Olland 012 are used as output terminals, the present current divider effects
.- \ ! division defined by the dimensions of the MOS transistor M1 relative to the
"8 of the serially coupled MOS trans1stors M2, M2sl, M2sj and M2ss. If the



the inverter circuit, the control el ectrode of TﬁeSHeétmiB&meﬁarcmsi st or

bei ng coupled to a second reference termnal, coy rst
referenge termnal, for receiving a second refer JIerived from
the fir r epENeIBi9540l tage, to realise a thit-of f 'state ol (he at 128it1998e
further transistor during the first active state of the current

di vi der ,§ and sli&aftcMIOS: transistorschave ieqeal dimensiors, iheancbe demenstrated Byumeares ofMOS
transi stpr during a second active statge e current divjder,, fhe, main
current

of t
at h epation; (Dha the mwn&@m&m qCLs, dPyRent diyision whigh, is jnversely
t erm nal j

The pr. t ' L ey atgéﬁg | E’b&{' Wiﬁg
enbodi t bmﬁﬁgﬁg%ﬁ%ﬂ%ﬁﬂg@;&;@?gm a}:sﬁr\glerﬂesta Qf‘g er eas
in the f}rst [frindthe sérafisal tOH andthentuntbet iof MOSitransistors between theetepminal 110
realisinpg a current division by neans t%f the first and sfecor,ld MOS

transi st br,s anbtheserminal Q12 Asa result &é%aza@tq%nﬁléagisi Qur;times,as lasge

realisinf a cu VS Vi : ne '
further Tt Q‘:??F%’Fg?‘y@ﬁgé%u'é‘ @?;%ﬁsegé]f ‘?ﬁﬂ?@ﬁ@ﬁ%ﬁ&%ﬁ)p%%&%@?g first
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si gnal cur n@rthe inventiony The presentr embddimemtctiiffersl feomtthe cerrent 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

15 present current divider effects a current division which depends on the use of the -
respective terminals and on both the dimensions arid the r;umber of the respec_:_ti_vé MOS
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

A dimensions of the parallel coupled MOS transistors M2, M2p1, M2pj and M2pp. If the

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

Squation (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
B 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 éccordance with
® invention, The present embodiment, which comprises one further MOS transistor
180 having a control electrode and a main current path, differs from the current
| Wlde' shown in Fig. 2 in that the present embodiment further comprises an inverter
itIC1, the control electrode being coupled to the reference terminal R10 by means
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because}l ¢ haewftieairrelit\divider theveference woltagecRv 1@ cases the MOS trasistorstMe
cur rent |l viad M3 8periuaied o and e MOS: Fanstion TS0 e Al oy, et o . e
e i T e e ot A A s,
voitage Rv10 causes the MOS transistors M1 and M2 to be turned 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 whiéh an input currént.corresponding to the
| fourth signal current lill is épplied to the terminal I1 1, the MOS transistor M1 and the
MOS transistor M2 allow the passage of the respective signal currents. As the MOS
transistor M1s0 is cut _dff during the first active state the signal current through the
MOS transistor M1 will be equal to the input current (iill) applied to the temunal 111,

15 the signal currents being determined by the ihput current (il1) depending upon a circuit
 coupled to the terminal (110). In the passive state the signal current Iol11 flows through
the MOS transistor M1s0, which signal current is equal to the ipput current (Till)
owing to the cut-off state of the MOS transistor M. Conséqueittly, 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.

further MOS transi stor havr nﬁ a control eI ectrode and a main current path,

.

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
lxa"s‘s“’l's M2s1, M2sj and M2ss shown in Fig. 4, being coupled between the main
Y, SNt 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, whewas in the passwe state of the
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first out [ fARieh, thé Dreseitdifrrent Bividurlis @ thehfrst ﬂémrsﬁtedmowhﬁhlahlhﬂi
coupled t a Irst termnal of -a first current divider, a third term naI of

the first fcur cuannt earmespending: o thefourth signabeurrent 162 is appligchio he terminal11
current dlvicgios ipshsfos Wi L i RIS ralistbP Bt b G bl afvmge;esssam |
| signal currents. As the MOS transistor M2s0 is cut off during the first active 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 detexmined 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. |
s 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 M1 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
. Voltage Rv12, Nevertheless, a coupling of the control electrodes of the MOS transistors
Ml and M2 is provided by means of a control circuit CC, which control circuit is
X hown in 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
: te 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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of whi chlcur gubjectscthie isigpabcurrent 1i 1006 Qurfent diviéivh d¢ defindibby tie judtios @) and
current. fOnM ng to, the use of the relevant current dividers the present

i nt egr at ¢alfc(Pewhich currgat divisionreawisifethe signal purrenty Hidf @anddol 2, Thuse the: he
| nput - cull 1 enpreieht Ltk Hividdl efibles the signal current to be transferred to a further current
divider, divided in a first way or divided in a second way depending on the reference

voltage Rv11 derived from the reference voltage Rv10.
| | | Fig. 7B shows a ninth embodiment of a current divider in accordance with
15 the invention. The bresen_t 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 112 for a fourth sig_nal current [i12 and an inverter circuit IC2, the control

electrode being coupled to the control electrode of the MOS transistor M2 by means of
D 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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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

5 reference voitage Rvll causes the MOS transistor M1 to be tumed'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.

10 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 reference 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
I3 shown in Figs 4, 5 and 6A. The present embodiment, which comprises only one
further MOS transxstor M2sl 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
trat\Slstors_MZpl, M2pls1 and M2pls2 similarly to the control electrode of the MOS
transistor 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
“defs 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  Mbeing opposite and equal to the signal current Iol1 in a passive state of the

' t divider, As the present current divider comprises two sections (M1, M2, M2sl
M2py, 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 1i10 is attenuated by approximately twelve
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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,
Milp2, Mip3, M1p4, 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
15 coupled parallel to the main current path of the MOS transistor M1, and the main “
current paths of the MOS transistors M2sl1, 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 To12 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 Iil1, provided that the last
Current divider of the ladder nétwork is terminated in a customary manner by means of
tWo seriaily 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 s‘howh in
1 :ig' 7A in that the present embodiment, similarly to the current divider shown in Fig.
™ Comprises a further MOS transistor M2p1 having a control electrode and a main
“UtTent path , the control electrode beiﬁg 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

2
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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 dividers CD1, CDj and CDs, similarly to the current
dividers-shown in Figs. 1, 2, 3, 4 afxd S, comprise A_ﬁrst t_erminal (110, 50, Is0), a
second terminal (O11, Oj1, Osl), a third terminal (012, Oj2, 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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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.
Thé current dividers CD1, CDj and CDs, similarly to the current dividers shown in
15 Figs 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
2 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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input cumrent,beng aftenyated by; seiing 4 pluralisy
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|ng real I'se e re evant transi stor and a MOS transi stor
t he i nput Pagartﬁ stmlwsamtlmfdoembo@mpwof asf intdgrated rcu‘cmt gomprising a
ﬁnraﬁty o curre tt I&?vrndecrg in ggcordance with the invention. The present embodiment
comprises a first series arrangement of current dividers (CD1, CDm) having a first
current dividing factor and a second 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 clrcult
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, 'OZZ), 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

5
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,
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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oper ati gnal mbuﬁlwlto the control circuit CCT mmnvmmm setomd series rarranperhentadre )
features of EJL% eldntg%rllltelacr)lgth\gr Ibly nrlgxl\vs of the terminal Im0 and the terminal Inl. Although the
| mtegrated circuit shown in Fig. 13 compnses only two current dividers in both the first
5 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
10 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,
B 0z2 and Iz0 being available on the terminal 002. By means of the reference voltages
I5 generated by the control circuit CC, which volfages are applied to the i'eference
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

il

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
Gurrent 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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5 CDj and CDs shown in Fig. 12 comprise a first terminal (110, _IjO,_IsO), 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
10 terminal 1jO, the terminal Omj2 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
15 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 successively 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
Y Wlive state, an applied current being transferred in divided form to either the terminal
901 or the terminal OO2. Thus, the present integrated circuit enables a controlled
Current division to be realised, which current division can be used for example for 2
dfgi‘al‘m-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




n accordance with the invention,
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13 ‘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

with the invention, TmsSheetHasB }aeed7B shows a ninth enbodi nent of a
current divider in accor I nventi on, Figure 8 shows a
tenth engodinment of a cu

. 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 cutput terminal 002 form an analog

i0 represeﬁtation 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 ic accordance with the invention. The present embodiment,

which comprises for example an arrangement of current dividers as shown in Figs. 11,

12, 13 and 14, fuﬁher comprises a voltage—tc-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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Figure 1 sho st enbodi nent current .divi I n a a

ot ofencHih and 0vi2 T SRReRE siben i e SrpieRota apmiifce Avdof ALY et "
~the pagsagggGh input current Ii flowing via the input terminal II and a current Iii ﬂ_owmg via the
input terminal IV, which current lii depends on the voltage applied to the terminal IV.

As the current lii is dictated by the voltage drop across the resistance Rvi the current

10 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 |

15 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 II, 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
s 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.
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conpri sij 99!0}?09%&%&% thé st stgral suent! 0i10f arsecomd terminal (O11) forvhei on

i ndependently of the signal current 1i10 in the current divider antgg :

i ndependenpdssagefofithe second signal current (lo11) ang, fercieeeiying a first potential, 3 thirds 011
and 012, ' |

ol (GERt9f Ml g of it Rird Hpfll ent AT and for recsivinep o,

by neans:
an equati ogcénkd pétentid), cleastia fifit elementicduplsd betweergthecfirst teemirad (110) and the

Cu_r rent f ! ge\cl:monn teg’plgn%llj %81 %)r: eand 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
. 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
§ current divider, the main current path of the first MOS transistor (M1) being coupled
between the first terminal (110) 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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avmg a control electrode and a main current path, the control electrodes
bemg 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
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

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).

S. 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
transistors (M2pl1, 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
secand MOS transistor (M2). |

6. A current divider as claimed in Claim 1, 2, '3, 4 or §, 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
 Main current path of the first MOS transistor (M1) and the second terminal (O11), and

é

4 te fourth terminal (I11) being coupled to a point between the main current path of the
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Xpressed sinplified formby the foll'ow ng equation 5
coupled t_o the first reference termma_l (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

10 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

IS 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 inverrer circuit (IC1), and at least one further MOS
transistor (M1p0) having a control electrode and a main current path, the control

- {2 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

1~ (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 mvérter circuit (IC2), the control electrode of the second MOS trar_msto'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

Current dividers are similarly coupled in series between the third terminal (Oj2) of the
first current divider (CD1) and the first terminal (Is0) of the last current divider (CDs).

la, An integrated circuit as clajmed_in Claim 10, 11, 12 or 13, characterised
1 that the integrated circuit further comprises a control circuit (CC), respective first '
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i 10 and where the pot’éntlals [err] and V[err]
Elglalds I_f the potenti al V[er for
A _

s a potential a change of the reI evant 5| gn

: Letra(rqtat | E)ﬁ;r]m) and “‘“““l“z““m‘m”mar fl(Jﬁz:t |%Rlﬁ'eﬁ “Ewﬁ‘m&lzﬁlrrgk”]

i ndepende}]
1110 is rdpr

1|993

e mai - dr i e R1GURRD, Ro0) B e feohis cufiehd s (oL iy €

= [err]

{( 6 )eing doupled @' the Icbatro] cireuite(@C). (7)

1 1. An integrated circuit comprising a plurahty of current dmders as claimed
§ in Claim 6 or 7, characterised in that the integrated circuit further compnses an input

§ terminal () for receiving an input éurrent (i), and a first output terminal (OI) for
supplying a first output current (To), the input terminal (II) of the integra_ted circuit _
i ' peing coupled to a fourth terminal (I11) of a first current divider (CD1), a first terminal
- (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
v first current divider (CDl) and the fourth terminal (Is1) of the last current divider
(CDs) _ _
20, An integrated circuit as claimed in Claim 15, 16, 17, 18 or 19,
:;a charactensed in that the mtegrated circuit further comprises a control circuit (CC),




From the above equations (6) and (7) the next . e$ﬂn“m |“““||I>M“te current
di vision of the signal current 1i10 can be deri h equation
represents a caq a‘&n di viding factor dictated by *thé dF mehsi‘ons of the MOS

transi st ors. (8) corroborates the #bove statenents that thb3.01.1993
“current diivision, i. the current dividi Ql?ﬁf actor, is independent of the
J

signal curr erfespective fﬁER!‘ﬁér‘Rf&H@ »{R1heRjdoRsh) Pﬁaﬂ‘& rosnectiye ewraent dividers
For a corrpl et(%P;‘]es(g\ﬁA; quegé% bl {urt‘ﬁetcogﬂr&' &g{ t| ({t%cco_rdance with the

i nvention:the s require dition to equation
(8) | |; 10H4. - loll A:n integzated circuit comprising a plurality of current dividers as claimed
(9) ‘ in Claim 6 or 7, characterised in that the integrated circuit further comprises an input
5 terminal (IT) for receiving an input.current (i), 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
i 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
10 current dividers (CD1, CDm) being coupled to a fourth terininal (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 (CDI, 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
15 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 dividcrs' (CDn, CDz), and
respective second temiinals (Onl, Ozl) of the respective current dividers (CDn, CDz)
of the second series arrangement being coupled to the first output terminal of the
0 mtegrated circuit. |
22 * An integrated leCl.llt as claimed in Claim 21, characterised in that the
integrated circuit further compnses 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
‘5 terminal (002) 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 intcgrated 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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whi ch equation represents the change of the uummmul 10 in relation
to the respective signal currents Ioll and “ﬂ‘ ons (8) and
(9) it follows that in the case of an input turfert ('!orFesbondl ng to the
signal curren this defines the othgr signal currents (loll

I n addi ti‘onP Hé' %irég“above considerations i#/is to be noted, on thl3-l93'1;‘|i?9§30f
t he above derivation, that thgépéjrrent diivision is substant lally Iinear

and t hat 't hIrther swment sivides, aa st texminal 1of the fusther, surrent: divider héing soppled

sat ur at ed f state
ou rm ml, Izl n:en divider
'conductlve sta? eullarlusI M\/Bél rt§HS| stors, (ﬁgn}fl(r:re Si ons of the

MOS transitp4.s reqw r&dlﬁtegratedrdixentt adicldinied mﬂlaxheﬂhg:fﬁmwn‘se@@ that itheen
enabl es 6_1 Cl%rrte%?ated circuit further comprises a plurality of further current dividers, which further
5 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
10 reference terminals (R10, Rm0, Rn0, Rz0) of the respective current dividers (CD1,
| CDm, CDn, CDz) being coupled to the cohtrol 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.
027, 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.
5 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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current divider to be Fig. 2 shows a second

enbodi nent of a CUFremmmﬂmluumlmﬂordance with the invention. The
present enbodinent differ$S froM tfe Current divider shown in Fig. 1 in t hat
t he present RHINA®.98Nt further conprises a3 ourth termnal |11 for13301q993h
signal current 1i11 and three further MOS transistors Mlsl, Msj and MLss

each ha}'/i gg of the firtier cgheﬁt dwtuerr] 4CDjR andiarthtrdrtemnalp(ﬂm) ofgme '\;ﬁ[x]gheﬂ tent 11
is coupled tQ et ween_t he in curre t he transi stors
M. and Mis1divide &Lﬁ{) hemg.sauipled adbe St %B@ﬂ&e@f(ﬁ& beurrent divider (G}
R10, and thegomal n cur

current path of the I\/@{mﬁﬁsl storﬁf\/ﬁge%%g‘cte%ne%él ﬁ%ﬂﬂﬁ‘og@]&ﬁl g. 2

fshovv;'s1 onl y fmllegratted cireuit ﬁxﬂhgﬂoomﬁﬁ?es?l%lumlﬂy Gﬂ.ﬂlrdxei'lcutrbmrdﬂmlm rvettich Gurtirer
t n t t nt

bach of ¢ fio CMEIGRT HETS A5 SMRRDY SONRIGH th SeTavResweenrfBe ik irmigal DAY of the
divid ff

Fespect i ve G oanH WAl @%%}Sjﬁmhmé%ﬁ@?%@ﬁi thpSast Sfiere difiRe (CDs).

Tespective NIS tlranshsxmmgrﬁed cireuitas elaimédin glmnt? , 187028 or 129, lcrametedsalsd
anlnput term na the termmnnal |11 Is not use m nal S 1l an
Ol2 are: usedn tshe Hl}?gr?@prﬁ“i?a‘tsf““%ﬁé’%@&séﬁﬁ coptre d@e % '
-current di Vigg f SpQHs
%E%ﬂﬁfe?&én&y 'h | S 52]2 R@{) P 'XPSRH)

relative to 't | Mensi ons o e seri tranS|st I\/[L,
Misl, Misj0 audremldividers (CDé, CD], CDs) being coupled to the control circuit (CC)
2. An integrated circuit as claimed 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-

13 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 |

U 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,

5 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.

T




rel evant MOS transistors have equal dinénsions: whi ch equal dinensions can
be realised sinply by means of present-day.scaling techniques, it can be
denonstrated by neans of equation (8) that the present current divider

effects a ¢ /i sion which is inversggy proportional to t he

bet ween the%\unbergisof MOS transi stors between the termnal |10 and[:??hqg93

term nal OLl1 he number of MOS transistors between the terminal 110 and
. the term nal . As a result of this, the signal current loll is four

times as sneCirrem dividesamhintegrated eircuit oamprising tahpluratisye o Curnent alirvilders.
di mensi ons of the relevant MOS transistors or in the case of another use of
the term.nals the current division can be defined in-a manner simlar to

that set forth above. Fig. 3 shows a third enbodi ment of a
current divider in accordance wth the invention. The present
enbodi nent differs fromthe current divider showm in Fig. 1 in that the

present enbodi ment further conprises three further MOS transistors Mpl,
mlpj and Mipp each having a control electrode and a main current path, the

control _ A current divider for linearly dividing a first signal current (Ii10) into a
second and a third signal current (TIol1, Io12) comprises a first terminal (110) for the
passage of the first signal current (Iil0), a second terminal (O11) for the passage of the
second signal current (Ioll) axid for receiving a first potential, a third terminal (012)

5 for the passage of the third signal current (Io12) and for receiving a second potential a
first MOS transistor (M1) havmg a control electrode and a main current path, and 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 terminal (R10) for receiving a first reference voltage (Rv10) to realise a

10 conducnve state of the first and the second MOS transistor (M1, M2) during a first

| active state of the current divider, the main current path of the first MOS transistor
(M1) being coupled between the first terminal (110) and the second terminal (O11), and
the main_burre_nt path of the second MOS transistor (M2) being coupled between the
first terminal (I10) and the third terminél (O12). The current divider effect a current

15 division such that the dimensions of the MOS transistors used dictate the proportion of
the respective signals currents realised by the current divider. |

(Figure 1)

* This Sheet Has B

QT Ilﬁil!




17 - el ectrodes being coupled to.the reference term nal
R10, and the main current paths "~ being coupled in
parallel with the main current path of the MOS transistor ML. The (
presenL_cuLLenL—d+v+de%—e+fects a current division which depends on the use

of the respective termnals and on both the dinensions
and the gpecti ve MOS Llad transi stors. For
exanpl e, \ ‘ nal 110 is used n input termnal, and the
~termnals e used as output termnals, the present current

di vi der effects a (it division defined by the

di rensions of the MOS transistor M2 relative to the '
di mensi ons of the parallel coupled transistors ML, Mlpl, Mlpj and Mlpp.
If the rel evant loHInsi stors have equal di nensions,
it can be denDnstrated by neans of equation (8) that

the present current divider effects urrent division which is

proportional to the ratio betmEeﬂ—Lb nunber of MOS transistors betmeen t he
term nal . D an e termnal 011 and the nunber of MOS
transi stors between theRYu}nina Ilih i and the term nal
012. As a result of thisé t he sj gnal Tebir r 1 105 four times as | arge

as the signal current 10¥2. In fhe cas unefual dlnen3|ons of the

rel evant -MOS R10 -

" HG.A

011
lo11

- Rv10

R10

FIG.2
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transistors or in the case of another use of the termnals the current

di vi ston—canmbe defined in a manner simlar to that
set fqeth ahove. Fig. 4 shows a fourth
errbod?[{1 seias bieen Raplacedyt i vi der in accordance with g

the iny ﬂ esent enbodi nent di,ffers fromthe current divider
shown i 2%/ that the present enbodi nent
further conprises a fourth terminal 11 or a fourth

signal current 1i12 and three further MOS transjstors M2sl, Msj and Mss
each havi ng : a control el Pdlie and a main current
path. The termnal 112 is coupled to a point bet ween
the main current paths of the MOS transistors IMes1, the contro

el ectrodes are coupl ed [fo tTheé fererence germ nal R10, and the main current
paths are axially between the main current

path of the MOS tranfdistor and the . ~ termnal 0O12.
Al't hough Fig. 4 Sﬁﬂaq;}ﬂTY’gg;;“TTﬁ i 12, Ol1 and O12 a
further termnal jfo , f urt hgr—si gnal

‘mai n currentRvi0

ki be coupl ed between the

. f eaghjjgd0 the MOS transistors -
Mes1, Mesj and MisM1PRHe pMIREd: 'curﬁ \Mﬁe '
effects a cu b di vi Stomwhi~ét—depen IH: respective
termnal s an Qn : - both thg di mensions and the nunber
of the respe E vg MOS transistors. For exanpl e, ' when
the termnal 110lis used as an i nput terninaq, he termnal 111 is not
used, and the terntdl s Ol1l and 012 are used as
output termnals, the present current divideJ fects
a current division defined by the di nensions @f the MOS transistor M
‘relative to the - ' o M2 - ‘

rent
0
di

o
lo11
Rv10 "
) 110 |
é M1 110
R10 :
2
M2 112
e
M2st |

M;ss I§12 - | | FIG.4

012
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di nrensions of the serially coupled MOS transistors M2, M2sl, Msj and Mss.
If the : rel evant MOS transistors have equal_,_LnP_nsr_ons———r—t——earT be
denonstrated by neans of equation (8) that the present current di VI de :
effects a current division which is inversely propor Thip

bet ween the nunber of MOS transistors. between the ter ‘ H

termnal OL1 and the nunber of MOS tr stors betvvee I10 and
the termnal Ol2. As a result of this}y/the signal current loll is four
times as large as the signal current 1012. In the case of unequal

di nrensions of the relevant MOS transistors or in.th ase. of another use of
the termnals the current dIVISIon can be defined inja: Hn_er simlar to
that set forth above '

RVIO
R10 I E

Rv10
IC1 é—
R10
Rvi0

i10

}— Mi 4—“% Ic2
g
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Fig. 5 shows a fifth enbodi nent of a current divider—Tm accordance wth the
invention. The present enbodinent differs fromthe gurgenty,dhdh fAglacshown in
Fig. 1 in that the present enbodi nent further conpri er MOS
transi stors Mepl,, M2pj and M2pp each having a controamwﬁ ﬂﬁ&‘l\iﬁ a main
current path,-the control electrodes being coupled t

term nal-- R10, and-the main current t being coupled in parallel with the
mai n current path of the MOS transistér M2. The present current divider '

effects a current division which depends on the use of the respective
termnals and on both the dinensions and the 11of the respective M5

transi stors. For | e, whenlitlhellierminal 119 is used as an input
ternminal, and thefted 012 are us §1.0ut put termnals, the
present current d}vider . edtpk / rdhﬂ1divi-ioﬁ defined by the

di mensi ong,q@f the 1 ' ML rel gli 0 the di nensions of the

parallel couple |'ptors M2, M|

e denonstrate neans of -
pf fects a curr Vi Si on
nunmber of MOS|transi stors
=i Myi2011 _4nd t he nu of MOS

pj and M2pp. If el evant
| Jige
n

equation (8) thg
whi ch is Ribport

bet ween the t egim » e .
transi sto j) ' rninal-lld andigt heg jt erm 2] |As a result of
this, the gignglfTurrent 101l is flegr tijres |gs_s las t ijgpal current
l0ol2. In tée—c-;e of unequal dinensi onsRﬁ the |rel evignt I\/Q)S'
' Lot M2 frpp1z  M200
R12 lo

| l\ | . o0 E; | - N2
v T ReT

Ict
Rv1O
R10 . 10

| MHZE | ";P‘_—j_‘(_ﬁo B
T—/——‘ +_ j1.M2p1s1

— —~— M2pis2
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transistors or in the case of another use of the terminals the current
d|V|SLQQJu%L4xy+k#+ﬁed—rn a manner simlar to that set forth above.

Fig. 6A shoms a SIX odlnent of a current djivider in accordance with
the inv nt enbodi ment, which conprises one further MOS

. tran5|st g a control el ectrode and a main current pat h,
differs di vi der s )hai n Fig. 2 in that the present
enbodinent further conprlses an invertver circuit ICl, the control

el ectrode being coupled to the reference termnag R10 by neans

19 of the inverter circuit 1Cl, an ﬂélnaln current path,

simlarly to the MOS transistors ' ML W% and MLss shown in
Fig. 2, being coupled between the main current atw

' — || ~MisO o
ICi~/ |
Z& o T
I i i AL
[} iy

I
! ¢ ( /
é—- e M1p3 |M1p2 [M1p1 iit0
x | Mip4 PT | M

| -M2s2

-M2s3
-

Ll)ow

o2 FIG.9
B~o11 S

RV11 lo11 wpo [ ¢ M

fi11
| D l .
Ré% LL_- IC1 [%

M1 ? ——B\ 10
Rv12 o

| L -M2p1

[ Fe0

012
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the MOS transistor ML and the termnal 011. EEpendth_Qﬂ_Lhe_LeieLence

vol tage Rv10 the present current divider assunes a first active
or a passive state. In the first active - TthhﬁHﬁeB&hRmh&mturren

di vider the reference voltage Rv10 causes the NCS

and M2 to be turned on and the MOS tran5|stor off by
nmeans of the I nverter circ | C1, mhereas I'n e passi-ve state
of the current divider the reference ’ voltage Rv10 causes the

MOS transistors ML and M2 to be turned of f  and the MOS
transi stor MLsO to be turpeg . : f the |nvnrfnr
t he present

circiit 1Ck Wien
bctive state/ in

- which an input current cofresponding to the. _ ~{ourth sigpah
current i1l is appli@t i I\/D%sq a@si stor ML and the
MOS transistor M2 allow the passage 0 ’ ) currents. As
t he MOS =t [ St ACti Ve

“state the sidnal ctrrept thr will be

D
equal to thegi nput RéQirfent (
t he signal
upon a cjrcufﬁ
state the sig "
MLsO, which signhak
owing to the cuf - (
present current . ;
current (1i11) |s|dividedLlacr it divi ded
state of the cufrént divider, ich|statel i s dictat g

Pe padsi ve
s tlr af¥i st or

Lragsistor ML,
the ad*anta(

N ~ FIG.11

) . _ I - 7

e | '

| o1 | ppx%, . | osg

1 e ] Is1 |
. | CO CDj~ :
U PRT PR P
1 sallline ?‘ | ¥ 0
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refe Vol &e Fig. 6B shows a seventh
enbo i ﬁ Eﬁg‘ nt di vider in accordance . with the

i nvent nt enbodi ment, whi ¢ch conprises one further MOS

transi g a control electrode and a main current.path, differs
fromthe current divideg ghown in Fig. 4 in that the present
enbodi nent further conprises an inverter circuit IC2, the
control electrode being coupled to the reference term nal R10

by means of the inverter circuij 1C2 and the main current path, simlarly
to the MOS “transiptors M2sl, Msj and M2sg shownfin Fig. 4,
bei ng coupl ed-bet-peehr— £+

ert—parh—oefy t he MOS

he |
er assupes al filrst ‘active
active ptate| off the current
F'i@zd-M0S trpngi stors ML
spPto be turphed of f by
e p@BgiFe stpt4¢ of the

— 1

A

ependi
F r ent
| t he f

SEY: .} oW
Ansi st

er €9n -
—

transi stor M| and|t he
reference vol ! age|-Rv10
or a passive
di vi der the rlaqu?.bnce
and M to be furnpd on

nmeans of the @g¢'tﬁﬁ1"

84 1S
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20 current divider the reference voltage Rv10 causes the MOS transistors
ML and M2 tTo be turned—eff_and the MOS transi stor M2sO to be turned on by

means of tje shdMig er II‘CUIt | C2. When the present current divider is in
the first 98d whi ch -an |nput current corresponding to the
fourth sig Mﬂ IPEi 2 is applied _to the termnal 111, the MOS

t ransi st or tranS| st or BI | ow t he passage of the respective
signal currents. As the MOS transistor "M2s0 iis cut off during the first
active state the signal current through the MOS transistor M will be equal
to the input current (1i12) applied to the term nal 112, the signal
currents being determned by the input current (1i12) depend| ng up

circuit coupled to the tlermnal T710. In the passwe state fhe mgn?l
current 1012 flows through the—B B ore-iv : ol clrrent is
-equal to the input curr | t6e1Mos
transistor M2. Consequertly, { he preseny currg r has{the advant age

that the input current (li12){is divideg or nbt di e upon
the state of the c&ﬁﬁl di vi fler, vﬂjﬂe%tat eg is dﬂé? e
fj1' Rst

ref erence vol t ageRRv10. _ | .

' F:b_ T& r‘b_ i lo.
R12 1o | Rj2 0 |Rs2
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F| g. 7A shows an eighth enbodi nent of a current divider in. accordeﬁﬁe‘:@ﬂﬂfth
{he invention. The present enbodiment, which conprises one further MOS "t
transi stor MLpO having a control el ectrode and a main current pat h, differs
fromthe current divider shown in Fig. 3 iin that the present enbodi nent ’
further corrpri'ses a fourth termnal 111 for a fourth 5|gnal current i1l

and an inve Qiﬂhﬁék‘ indﬁle rith cirouit tompfling ' pldalibeongureas dividerso t he
control ele é

o) ;'" ¥ -anssg tRe inverter circuit

REP%CE {5 tS}E‘ in Current PRt NI 91 oke Y b ed@ot e circuit shown in
' ‘%&?? 3}6 drmnal 111. In
addi ti resent enbod| MBALUYY er's Pr oii t.he. &b og ents shown in the
pgi qﬁlggzlgrsmthatt """ '

ﬁYVmﬁ(S elpé':@F ag S transistor ML is
couol ed to akeference ter n@lf‘lﬁﬁ"tf or 1?‘@8 gp§ eT‘er ence vol tage Rvil

and in that the}jcontrol ele trode of the MOS tr5|stor P is coupled to a

@ RGBT 11 ' "'{“.’- =y 1 ‘9.'.!--~
Nevert hel ess, a couﬁlﬁﬁgﬁg‘? ” Jelaet e ECLT00eS 0 E%s sx&rrx]asllcg
ML and M2 'ﬁt@ﬁ%dﬂﬂ%@k tHedndig ﬁﬂcﬁrr&ﬁtﬂt\ﬂﬁéh mrmwdiwa& confiprizes aCfirtsﬂehmnal
circuit is shown in sone of the fol | ow ng Figures, the reference goltages

thlldand Rvioe MPWf‘hecﬁmH;&ﬂdWéw arseaend tegmina), forrthe passage phhed | n
the pr ocect, M50 st GRS 2T tof Bckilpe’d BRETRANR GLARE reclnf OB PG 11

state in adgf thehird SighliPcdrrén tand €of wekeivimy £ second tpotential, at least a first element
| coupled between the first terminal and the second terminal, and at least a second

element coupled between the first terminal and the third terminal.

The invention also relates to an integrated circuit comprising a plurality of
current dividers. | N

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 sigﬁal currents, a bias current
determined by the first and the second potential.

Such a curfent divider is suitable for general use in integrated circuits,

. which integrated circuits can be constructed, for example, as a volume control oras a

digital-to-analog converter.

Such a current divider in which the first and the second element are
realised by means of a first and a second resistor respeétively is generally known. In the
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 represented by the first
and the second resistor.

A disadvantage of the current divider realised by means of the first and
the second resistor is that the resistors occupy a comparatively large semiconductor area
in an integrated circuit and the resistance values, which are influenced by parasitic
effects, give rise to a usually non-linear and comparatively inaccurate current division.
The relevant parasitic effects ocbur particularly when a transistor switch for switching
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activel sfate of the currient divider the reference voltage Rvll causes the
MOS tranalgt'pMAY'pg;l ML to be turned on and the MOS transistor MpOto
be turhefd of f by neans the inverter circuit 1Cl, and the reference

vol t agge F2—causes—tite MOS transi stor M22to be turned on. Thus, the
current divider subjects|the signal current 1110 to a current division as

NN ST

def i ned BY fbespactiveisighal cftrerk8ds édbpled/ini sekies witheiith die/ fisst and tnssechad i n t he
signal currents'loll and 10l2. In the second active state of the current

di vi der t heresistonrwhich switch xhibity 2 copduptancewhich veries dapending upen the, pe
turned on and_ t t stor MLpO to be turned off by neans of the
i nverter quggﬁlch?&%e reference voltage Rv12 causes the MOS
.transistor M2 to be turned on. Consequently, the current divider

It is an object of the invention to provide a current divider which reahses
a substantially linear and comparatively accurate current division by means of a compact
circuit, enabling the respective 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
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
and the second MOS transistor during a first active state of the current divider, the main
current path of the first MOS transistor being coupled between the first termmal 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 preseni document an active state
of a current divider is to be understood to mean a state in which the current divider is
.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
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 d1v1s10n realised by the current divider charactensed
bove is Particularly surprising because a MOS transistor exhibits a non-linear
l""l‘mms'up between a voltage across its main current path and a current through its
main current path, whilst the current dwxs;on realised by the current divider
Characterised -above is substantially linear. The said properties of the current divider in
%ce with the invention will be corroborated by the theory derived on some of the



* S

L F

F S )

subj ects the signal current Hi 10 to a currentgdﬁvﬂ@?@ﬁméﬁ%ﬂef;n;d by the
equations (8) and (9), which current division résurts in the gignal
turrents i1l and l0l2. Thus, the present cudrent divi '

signal current to be transferred to a furBher | Hivided in a
first way or divided in a second way depending on the reference vol t age

Rv1l deri vegyowingpages with qeference tolatdrawingv Nevertheless, a requireniény to 6Btaimhthes . a
ni nt h enbodi nent of a.current divider n accaé& ce wth the invention. The
present enbreleVaRtPrOPERHeS IS thaf the |ﬁ§$§"9 Jstarhave ghe SO havi ng

G vi dor  shoWREPRARATIRE bafel o el ciupive dih i ol Il T o &

fourth t er rraoaa’daﬂctzmo meamfzemrdnrcompjylag witl mreqhuéﬁemby meanswitthe dirst

circuit the co electrode bei ng .co pled to e QO troI el ectrode
of the NDS teeé?mé’f’ NBthF Jespececsig ‘SGP:"E & Y&Fﬁn’é RE theai n

current pat ‘mﬁF fﬁlﬂe& | Wbc |
coupl ed bet Ween t t er nT nal thBQLaﬁhh%af by%ﬂnlgfla n aggir n, ﬁteﬂée]
pr esent errbdidusmnApahtfffmn shef sandrprdpenmstthd denvﬁdstlmbqwiso nonrbhnrmeedmlithg
Figures in that ont .0l ctrode transistqr ML is coupled
to a refer e?RP@“Eé‘?’ er‘é‘E‘@Fb&WQ&eé in @f ‘V’i’!ﬁ'&g‘ﬁ"m ‘&R&‘ﬁn
that the cogfygh ﬂf‘é ﬁﬁgi ?F‘ﬁr@ﬁxrﬂeﬂﬁo% iHe OIS irisidilirs'cd 99 th® céirent
reference ter R1 receiving a reference voltage Rv1Z:
Never t hel esdivider, atlowingnthe dimessionsdntbecthosénefreelydds thé cutrent/didsionadepersdsor s
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
owing to the free choice of the dimensions. When the dimensions of the MOS
transistors of the current divider are the same, an input cu’rrent_ 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 mvenuon
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
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 voitage the MOS
Tansistors of the present current divider are conductive in the first active state. As 2’
Tesult of the conductive state an input current applied to the first terminal and
®mresponding to the first signal current will be divided in dependence upon the ratios of
the dlmt!nsmns of the MOS transistors coupled between the first and the second terminal
“d the MOS transistor coupled between the first and the third terminal. When the



§ - e At RS

ML and |

_ Imeans of a control circuit CC, whi ch control
gl rcui ti

i v ded )
Tifs i’rﬂﬁ’ﬁ%éo; jof the following Figures, the reference voltages
Rvll ard | i yed fromthe reference voltage Rv 10 nmentioned in
the degqcription with refdrence to the pregeding Figures. In the same way as
t he enb Ig. 7A the present enbodi nent has a second active

tat d ;
state 1n adghliqafs bPUiRICS irdhsidlbis!iane piisent dufrehi @ivider e 8gidl (e GheLe Of

ef erence voltage Rvll causes the transi stor ML
to be tur nqﬁbromntxcnduﬂsgrarmrsmmlycurowageammnsam@ésshq meinvagrent path of

VPO to be thefirsMQS fransjiit.aea tesull of whiclt exiénsic wirraf Bebriga, e sdeoPl 30, '
| C2. Thus, fhgi@UgnaNburéntiis Siversely Hiopdrtidhtl & MBFhti6 BEwRRh. the Abmber 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 second 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 conducuve 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 parallel to at least the main current path of the first MOS transistor.
As the control electrodes of the one or more further MOS transistors are coupled to the
first reference terminal .for receivin.g the first reference voltagé the MOS transistors
comprised by the current divider are conductive in the ﬁrs.t active state. As a result of -
the conductive state an input current applied to t})e 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 first 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 cap pe adjusted to a desired value in a comparatively simple and accurate
Manner by means of a unity MOS transistor. _

A third embodiment of a current divider in accordance with the invention

"2y be characterised in that the current divider further comprises one or more further

Q .
S transistors each having a control electrode and a main current path, the control
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Iihed by the equations (8) and (9), which current
di vi si In-the signal currents 101l and |012.
I'n the sfafe of the current divider the
refere voltage RAll chuses the MOS trghmsistor ML to be turned on, and
t he r #f erence voltage Rv12 causes the MOS transistor M
to be t s Bbaes B é'ﬁpl@o the first reference termmaltﬂbnmeoemmg Mﬁﬁ refeteace

turned on bY neans of thé inverter circuit Cﬁg-fh;g & f'he

current di vighage ouslisstascandiictiveysiate of the eng 01' F‘P&’ ﬁa eqvﬂ"s’&m dpgRe o5
def d by th ts
et 10 DY, 0% e g of o sy VY O P cck S pat ittty
the present Gy hedRéentiheinidh cafrell path bfithessegond MOS rtransiston ahd ther thirdf er r ed

divided in aflrst vvay or dIVIdnﬂ 1cléassecondwa
dependi ng oteminal. Asithe eonteol\elgctrades of the ameqrymere further transistors arg ;. o t he

reference vol t
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urren divi der -in acco ance wt
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current dividers shown in Q%s 5 and The
present’ enbesilhefthe capdustive stagy an; inpup urpens Appli the d further

MOS transistor SdeLtindPth q-jlﬁsse&s
fromthe cuff ﬁ%@#&c@ersﬁﬁoﬁﬁ% etvuﬁlgl?ééégi ng Figu es |%@th £

present the dxmensxons of the MGSTtrenhxstmstcohptedlwwmrme |fumrtheeedondtmma.bs
transi stors M plsl and

wh | ed
paral | el toand e M@S W&ﬁ@EPB‘FPIWbWWCCﬁ“é%% %ﬁﬂﬁw When the " ©
a control elhhligiicortié MOSHdhsistid fl'thefftedint bhlffert UiVide! ardl il BE Ve dr t Ne

more further MOS transistors merely provide 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 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 fourth embodiment of a current divider in accordance with the inven_tipn
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
Parallel to at least the main current path of the second MOS transistor. As the control
electrodes of the one or more further MOS transistors are coupled to the first reference
'erminal for receiving the first reference voltage the MOS transistors comprised by the
CUTTent divider are conductive in the first active state. As a result of the conductive state
" Mput cyrrent applied to the first terminal and corresponding'to the first signal current

il be diviged 4 dependence upon the ratios of the dimensions of the MOS transistors
pleg 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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alnd M2pls2 simlarly to the control electrode of

,—0—? Way W99y | § transistor M2sl being coupled to the reference
he na|nqrent pat hs of t he MOS

transi st pr 7¢st apnd M2pls2 bei ng coupled parallel to the main

current fpaths of the MOS tifansi stors M2 and M2sl, and the term nal |10

bei ng cobpt ﬁd re?en*taﬁrent dmder are equal the o%enﬁlrﬁbresmi'that MO® etangistorst merelyi n
current pat gp he MOS tranms?qors M2p

Meplsi. Theppvidea widening gﬁchednmm@rrenspahqu rtBQ secRRMOS Jransistos a3 & LesulPlof
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signal s cur @%ﬁub'b&ﬁw&ﬂﬁé indrmbeNoAMOS Shnsistbisverweat thecﬁrstt tna the rsecond
di vi der, e si

ent b osi te and
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| adder net Wadsited valéinCa comparativéty sxmple and accurate manner byrmeéansof a, uriity MOSeasy
to see that 1n the first active state of the current divider formng part
of a | adder transiste®r k t he signal current 1110 is attenuated by approximately

twel ve A fifth embodiment of a current divider in accordance with the invention

transi st
t he MOS
t er m nal

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
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 being coupled between the main current path of the first-MOS
transistor and the _secorid terminal, and the fou'i‘th terminal being coupled to a point
between the mﬁn current path of the first MOS transistor and the main current 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
realized in 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. As the further MOS transistor is cut off during the first active state
the second signal current will be equal to the input current applied to the fourth
Mminal, the first and the third signal current being determined by the input current (the
%ond 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
Curtent is equal to the input current owing to the cut-off state of the first (and the



23 decibels relative to th

ST §AARUBSENT I| 11 (each
section produces an attenuation of 4 appr oxi tel y SiX
tecibels as a result of the R-2R ratio), provi eﬁ-—&-hﬁ-t-—ﬁﬂ'e—f—as

di vi der of the Iadder network is termnated inla custonary rr_g‘nnj a
of two serially coupl ed srorsTT

Fi.g. 9 shows 08 AhsisOrPOBhERGEntY, tife presént turrént/disider ihas aacmv
with the mé@ﬂ@ﬁ The presentﬁgnbo men? s constructed |n anal ogy to the

current that the input current is dixidesbornasittivided in dependense upogihe state qfh'gepr esent

enbodi nment, differs, fro cur e V|ders shown in
the prec ed| MWF @Eﬂd&% Wﬂicﬁlﬁfﬁt fsn%l g&egs%vnfheefff%ﬁqug}'

conprises four furthersiMiSehbotimet oF £ cidként diviler’in %oﬂhnwlwmhﬁe iveatiorar e
coupled parallel to the MOS transistor M and each conprise a_contyol :
el ectrode amdy &e characterised in that the currgRt-divider @ﬂheﬁgpﬁlpnm ourthotegminal for

the MOS L Z,:rg?@%%se“%égf% STl G, 38, Ve iR, 2t iepat qne futher MOS 1) !
M 82 M p3, MsMor hi¥ing.a &bt %[&étrb@éﬁn&h@nﬂﬂhtﬁheﬁi pacm,t fhe confrol electrodeveingnal
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 being coupled between 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
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 o the fourth terminal, the first MOS transistor and the second MOS transistor
. _allo(w the passage of the secohd signal current and the third signal current respectively.
As the fuither 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)
depending upon a circuit coupled to the first terminal. In 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.
C°“s°q“¢mly the present current divider has the advantage that the input current is -
- divided or not divided in dependence upon the state of the current divider, which state
s dictated by the first reference voltage.
A seventh embodiment of a current divider in accordance with the
mve"n"“ may be characterised in that the current divider further comprises a fourth
for the passage of a fourth signal current, an inverter circuit, and at least one
* MOS transistor having a control electrode and a main current path, the control



t he main c%urrent pat hs df ¥t he MOS transistors Mlpl, Mp2, Mp3 and Mlp4
"GWNJ’AY( 997 cpupl ed parallel to the main current path of the

MOS trangi $tor I\/Il,_e}_r_ld_the mai n : current paths of the MOS
{7 ansi st br SBst==RT57 andl Ms3 are couplgd in series
bet ween th of the MOS transistorM and the term nal 012.

The == %be&:g' CoRpIRE 8 theS BN fleRirdddIBf teSfirst MOS RAn@NBFBY Inchs of
comnbi nati on the current dividers shown in the

precedi ng Figglinveser cirauits ithe) control relestrode of thebfirsh H1QS ransistor beingidoupled doal s
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current |i11.:5eicB@oRspedIdetiVed frOnPihe Tirst feférefcy vdlfage, to realise a cut-off state 6f1€
MOS transi stor MLsO in a passive state of the current divider. The present

current the at least one further MIGS wansistafdusing the firstoagtive statsaf thetqugrent ed

circuit, produces i FePl t wo
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current di Vigggls PlecoiPadtiv@ditite B thiUfrént divider, e Mein curfent pathosig coupla "
by means of ] two serially coupled MOS transistors.

Fig. 10 shoheween the firstierminaliandethe fourth terminalnThe) prasentrembodiment diffexse
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simlarly tqcivegtated Wheteastinvthe €irstdetive state the present current divider is capablé of
conprises a further MOS transistor M2pl having a control_ electrode and a .

mai n realising a current diyisioncht mgansof the {irstcand: the iseeand MQSdzansistarg theoupl ed
to the referGnee ahvidel il e £L8nd aclive"\Rate 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
voltagc. ) |
An eighth 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, and at least one
. further MOS transistor having a control electrode and 2 main current path, the control
electrode beirig coupled to the control electrode of the second MOS transistor by means
of the inverter circuii, the control electrode of the second MOS transistor being coupled
10 2 second reference terminal, coupled to the first reference terminal, for recelvmg a
second reference voltage, derived from the first reference voltage, to realise a cut-off
Staie 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 second active state of the current divider, the main current path being coupled
Petween the firgt terminal and the fourth terminal. The present embodiment, similarly to
the Seventh embodiment, differs considerably from the preceding embodiment because
© Current divider has a second active state. Whereas in the first active state the present
Current divider is capable of realising a current division by means of the first and the
Seco.nd MOS transistor, the current divider in the second active state is capable of
Sing 5 current division by means of the first and the at least one further MOS
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MES transilsfor N2, The prgsent current divider is a third exanple of a
conbi nat i g - 24 dividers shown
in the prd ]t e signal current 1i10 being divided into the

si gnal cur

di vider arid the signathurr nt 1110 being divided into the signal currents

- 1012 and IW Serisequend§] ai Snpit stsemlapplied €0 tecfiist thirminh and A6rrefPndin
present enbodinent conpriseS the MOS transistor Mpl a_ series arrangeneng
of a plural i ighefirst signal aurent, cancbe diyidedhia aHfirst manner pein & second manner | adder

Q?B\r/]\glr k (a sge-pgn mIge‘odﬂ aéﬁspgetfgg{‘@%ﬂageyml ch | adder network in which the
Although the embodiments described above have been presented
separately they may be combined advantageously, for example, in an integrated circuit.

1 in a first a&tive state of the current

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 current, 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 ihtegmtqd circuit. The present integrated circuit is a simple series
arrangement of a plurality of current dividers, employing for example cixrrent dividers
in accordance with the first, the second, the third or the fourth embodiment. 'fhe
integrated circuit is inter alia capable 6f dividing the input current 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 comprising a plurality of
current dividers in accc;rdance with the invention may be characterised in that the
integrated circuit further comprises an input terminal for receiving an input current, and
3 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
W of the first current divider being coupled to a fourth terminal of a last current
Givider, ang first terminal of the last current divider being cdupied to the first output
'*minal of the integrated circuit. The present embodiment of an integrated circuit may
::::yi' for example, the current dividers in accordance with the fifth and the sixth-
. cum::"‘ta l.7y means of which current dividers it is possible to divide or not to divide
- Owing to the use of the relevant current dividers the present integrated circuit
%mm:l:"mage that the proportion in which the input current is divided can be
the e by means of the first reference voltage, the output current being obtained in
°f an active state of the current dividers comprised by the integrated circuit.



Rbf]_,ﬂl,,}lm‘;\i it
curren Rol2 is transferfed with an attenuation of approximtely six

deci bells ir DML WA t heysignal current 1110 in the first active state and
in thelsgcond actiyv ale. Fig. 11 shows a first enbodi nent of
an intggrated circuit cofprising a plurally of current dividers in

accor ddnce_wi.th.the-avedtion. In addition to three current dividers CDL,
CDi and CDs II'IPE thépresent imepraied circuit @nalyles, Sos example pa tvolutienconadol kd bé or
receiving an*input current li, a first output termnal O for supplying an
out put currepalis¢do, a second output termnal 001 for supplying a second

out put current, and 3] | ' Vi . I '

vol tages required fo? gﬂ@%ﬁéﬁﬁ?ﬁﬂﬁﬁnﬁﬁﬁ%ﬁﬁﬂ%ﬂgﬂgﬁ%&aﬁlﬁfgﬁ@ﬁﬁ ent

di vi ders CD1, kddidividets ilDaccordante avithythe invehtion mayebet cluiractefised irs thatthé n Fi gs.
1, 2, 3, 4 and 5, ci%gr' ?_&Sa first termnal (|l %lo légex 1s0),. a second

term nal (OlLibegrajed ¢ tl#“, 'P?FFPBW@I“&FH‘&I“’(‘%P | foryroceiving an inpit cyrmeak @ndnce
termnal (R10O | B ﬁﬁﬁ# i b ST ' bekiingdllof thd SO)

bei ng used agﬁﬁs%&mterﬁarllgﬁ?‘{p? e ?rﬁg? édn lﬁ‘tcu%lgi%tﬂg?n%luf 'S %%l?glt%éd to
the term nal jlegdated tireuit being caipléd B a fourthutermihal of affirst ewrrent dividerQof 4 first

termnal 0j2 is coupled tg the termnagl |sO .and the terjginal Gs2 js
coupled to tﬁé%bfﬁmqnépﬁ\c%?m 1‘,“%1% W%%‘F@W&h" & ,,aérpt and
Gs1 bei ng coypl: t s ' : erﬁrkfe ' : ence
tem nal s Rlofm'ﬁ‘g%ﬁ‘é @0 el E?\é%pﬁf&ﬁéﬁ%&#ﬁﬁé&c‘om ro e??regﬁ'lst @:&ﬁgﬁt&hough
t he i nt egr at beihgcoupled to & fommh terminabof 4 1ast ougrentsdividendf) thetfirseseriesr ent

dividers, th b f - . inals i '
drviaders Mgemeﬁtr of currént dividers, respective second terminals of the respective current

dividers of the first series arrangement being coupled to a fourth terminal of a first
current 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 cﬁrrent dividers, and respective second terminals of the rc;cpective
current dividers of the second series arrangement being coupled to the first outbut
terminal of the integrated circuit. The present embodiment is capable 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
i}nd the second series arrangement for example effecting a fine division. Thus, the
Present embodiment enables a compact and accurate signal attenuator to be realised,
Which signal attenuator is particularly suitable for realising a volume control.

A fourth embodiment of an integrated circuit comprising a plurality of
cUTent dividers in accordance with the invention may be characterised in that the
tegrated circuit further comprises an input terminal for receiving an input current, and

'."“'St Output terminal for supplying a first output current, the input terminal of the
IMegrated circuit being coupled to a first terminal of the first current divider, a third
te_rmi“al of the first current divider being coupled to a first terminal of the last current
.“IVide,, and a second terminal of the last current divider being coupled to the first
Ut termina) of the integrated circuit. By means of the control circuit, which can be
“Mstructeq in 2 manner known per se, the individual current dividers can be set to the
S or the second active state or to the passive state, the required voltages being
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current}jdjviders in

or nore ,H@’Féﬁ%’lﬂ% nt-

igntegrated circuit is not limted to three but one
j viders simlar to the further current divider CD
may be tolpled in ser petween the first current divider CD1 and the | ast
currentjdivi In the present circuild arrangenent the input current
i i's sUcCessl el civ by the respective current dividers, which
current divi ggved from thefirsbeefepereeofoltage; fonexarspladiyr meanscof samet MOSCtransistors

di viders shown in F|s§11 F.l 2, 3, 4 or 5, yielding a residual output current
lo and the cu ¥hefed via the termnals OL1, Q'1 and Gsl1 being -

avai | abl e on the ternp Ak £ aft finteSRtededifRuR S irlg2d ﬁ,,ﬂﬁg@;fat ed
by the control ci rcwt ¥ \/\/mm(:bﬁéh gges “zlir appli e oﬁt(-ﬁe referen

e
term nal s R1Qymehy dividers iRz@candanashith th:rmvemitmt may be characterised in that the
25

-+

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 current-to-voltage 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 mmpﬁses a reference terminal for receiving a reference
voltage and a further reference terminal-for receiving a further reference voltage, and

. the "°1tage-to-éu_rrent converter comprises a resistive element, at least one MOS
ransistor having -a control electrode and a main current path, and an operdtional
' a“‘I’ﬁﬁ!ﬂ‘.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,
Teference terminal, the 'output being coupled to the inverting inpu_t‘. by means of the main
Cutrent 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
e secong reference terminal of the integrated circuit. The present embodiment
“Mprises 3 special version of the voltage-to-current converter, which special version is
s“bJect to non-linear effects as a resuit of a parasmc capacitance appearing at the
lh: n:f the first operational amplifier. The relevant non-linear effects are avoided in
fy °p°"3t10na1 amplifier is included in a feedback loop, which feedback loop
% Mprises the at least one MOS transistor, a further current divider being
by the relevant MOS transistor and a MOS transistor coupled to the input
d forming part of the first current divider. Whereas the further current



to the first reference voltage Rv10, the total nunmber of divided currents

can be sel ected by setting one or nore current dividers
to a passive state, setting the current divider Ch to
t he passive state resulting in the curreni2 dividers CO through Cds being
set to their passive states. The control circuit CC can

be construct %dgmnmryl divides\a carrenpapplied to the further current divided bypdtee skilled in
the art, for anpl e by_nmgans of some MX transistors used as

switches.  gperational onal amplifier into an input current thropgh, e DU iswinal acks Gurrent

enbodi nent of a Ciiols

plurality of W%@E%F%foﬁgr@blsn aclégdr?ﬁar?lc%ktvr\}ﬁﬂfﬁmnﬁ%c}lﬁ\e}gn?l on. def‘n a%l tion
to three voltage drop producedi across the mxmcscléiﬁént 3DthednputGiadtagéie
|ntegrated CI¥CUIt corrprlses a |

recei vi ng an Conspauentlyy Hie é?PF@qo“gla”Fﬁuftﬁ’t aal EYITeRt g, thefurther c%ﬁl‘m"ﬁ ’an
output = ~ubich gurent is pot détefrhin bbch cu.ﬁre?lg‘iﬁ’ﬁﬁxcﬂ%ﬁh@ parasific '%ﬁﬁac%cuefw the

supplying a curren

term nal for a{ayamglﬁert hird out put current, and a control circuit CC for
supplying the reference voltages required for the current dividers CDl, CDO
and CDs. The current dividers CD1, CDOf and CDs,
sinilarly to the currgRtasgie hilbihe difborate) featyres of the inventiohG¥ill il 7
8, 9 and 10, corrprlséﬂlg |Grst ter mﬁﬁﬂ*&( )6 |'§‘o§’ a secong ter'?nﬁnal

(011, g1, Oeb&)lescubcd in mdret detail midth r@&t&ce@plhe mmpanmem\bmgs,rmwhbh( |11,
lj1, 1s1l) and nce t rm nal he
| rJespect i 3/e fourth terfigyralsshowsa gTsf fm%péaf)emo a current émdoer m%éﬁﬁz &'d

as input termmmThe first input terminal Il is coupled to.the term nal
11,
Figure 2 shows a second cmbodnment of a current divider in accordance

with the invention,

Figure 3 shows a third embodiment of a current divider in accordance
wuh the invention,

Frgure 4 shows a fourth embodiment of a current divider in accordance
with the invention,

Figure 5 shows a fifth embodiment of a current divider in accordance with -
me invemion | . L.

Figure 6A shows a sixth embodiment of a current divider in accordance
vith the invention,

Figure 6B shows a seventh embodiment of a current dlvrder in accordance
¥ih the invention, '

Figure 7A shows an eighth embodiment of a current divider in accordance
" 't invention,

Flgure 7B shows a ninth embodiment of a current divider in accordance

.Flgure 8 shows a tenth embodiment of a current divider in accordance
the inveng on,

g Figure 9 shows an eleventh embodiment of a current divider in
' Ce
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the termnal 110 is coupled to the termnal 1j1, the terminal QO is -
coupled to the termnal 1s1, andtheterm’nal IsOis
toupled to the output termnal O, the respective

termnals Ol1, g1 and Gsl1l being couplediBo the output termnal OOL, the
respective termnals Ol2, 2 and Os2 being coupled to

-the output term nal re 80 chdwea twelfth embodxmemofacxrrﬁawdwiaeteinrmw
term nals R10, R 0 and RsO being coupled to the control circuit

CC. AIthough“mmmYﬁ‘Egﬂsat ed circuit shown in Fig. 12 conprises only three

current I f. t he
integrated circuit is ghu'e qir'ng‘*tlgg f?ﬂ Wm‘%’f& ln&gwmw%&ﬁﬁﬁﬁego
more furt herplmwwﬁurﬂnvdmms in adcbrdante withethé invendon,cur rent di vi der CDj

may i led in series_between the fw{st current
di vi der CD1 and t he Fmeé a gecandsmbodiment of an integrated Cirgyit comprisiag

present circuit PH?'?%F aﬁégr I ccessively divided by
the respecti¥ rﬁﬂiren |\r9|§v ersull %ﬁ%r‘fﬁg{n%ﬂe f“\'ﬁ?‘ﬁﬁé are for exanple of
t he same Figure 13 shows & thicd embodiment of an integratedi circdit/comphrising d n

Fig. 6A, 8 or yi el ding, a, resi dual , out py current |o,
the current splmlw @fe@mhgwﬁ,ﬂ% E’r?ﬁcﬁéﬂaﬂci)l"lﬁ‘ the inveAtiofx 1 bei ng avail abl e on

the termnal 001, an I
Gs2 being avail abl e g#“?ﬁw?ééﬁ]%;f %{ﬁsgd%négtﬁg%(‘)ﬁ%&?e@%nceg\‘;‘oﬂngages
gener at ed bya plirality of current dividers in accordance with the invention, and
‘Figure 15 shows a fifth embodiment of an integrated circuit comprising a
plurality of current dividers in accordance with the invention,

In these Figures like parts bear corresponding reference numerals.

Figure 1 shows a first embodiment of a current divider in accordance with
the invention. The present embodiment comprises a first terminal I10 for the passage of
4first signal current 1i10, a second terminal O11 for the passage of a second signal
Guerent lol1 and for receiving a first potential, a third terminal O12 for the passage of a
tird signal current Iol2 and for receiving a second potential, a first MOS transistor M1

. taving 2 control electrode and a main current path, and a second MOS transistor M2
having g control electrode and a main current path. The control electrodes of the MOS
TRsistors 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

3 first active state of the current divider, the main current path of the MOS
MI being coupled between the terminal 110 and the terminal O11 and the
" ey Path of the MOS transistor M2 being coupled between the terminal 110
e *minal 012. Since the respective main current paths exhibit a symmetry which
t“‘ 2 MOS transistor a current divider in accordance with the invention
g two or more MOS transistors performs a linear current division
Uy of the signal current [i10 in the current divider and independently of the
M ON said terminals O11 and O12, which linear current division is corroborated
“).tivm ::lthe theory derived hereinafter. The relevant theory is based on an equation
EPLACEMENT SHEET OW, which equation is a general equation for a current flowing through the
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26 control circuit CC, which voltages are applied to the reference
termnals R10, RO and RsO and which are related to the first reference
vol tage RY10, the total nunber of divided currents can be sel ected by
setting one or nore current dividers to g4passive state, setting the
current divider CDj to the passive state resulting in the current dividers
CDj through Cds bei S hé [ - th -1.he ent

i nt egr at ed ciwt@mt@gtgb eask'fabgc(%%l %l%tpﬁg%s\é?ﬁ%%ﬁgiE’I’s_#gﬁmlsb ngrégal i sed,
whi ch current, divdsForointegeated Cirenitsl', Wiley Mew ¥orko1979l ume control, the

| nput curren el ng attenuated by setting a plurality of current dividers
to their first active gfates. Fig. 13 shows a third enbodi nent
of an integrated cigcuid conprising a plurality of current dividers ig
accordance wi th =t egi nentd oVThe%rVQsé’nl &Veodi ment conprises a fi (&)
series arrangenent Of rrent dividers (CD1, CDm having a first current

dividing factor and a second series arrangenent of current dividers (CDn,
CDz)

In the geneml equation (1) I; represents the current flowing through the main current
path, Vg is a potential on the control electrode (gate), V, is a potential of a first side
(drain) of the main current path, V; is a potential of a second side (source) of the main
current path, V, is a potential 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 charge per unit area, the carrier mobility 4 and
the channe! charge per unit area Q being a function of the control-electrode potential V,
ad of the potential of the point of the main current path V. Both the carrier mobility u
(V. V) and the channel charge per unit area Q (V,, V,) can be a complicated
function, particularly when both first-order and second-order effects, such as mobility

rduction and body effect, are considered. Yet, on the basis of the following equation
Q) : '

. vy -
Fivevy) = J‘ B(Vg, Vo) Q(Vg, Vo) av | (_2)
-0

"i‘“‘“"‘t Iy through the main current path (equation (1)) can be expressed in

"Mplified form by the following equation (3)

I, « W .
CT T RV - F(V,V0)) - 3y
" quation clearly expresses the symmetry inherent in a MOS transistor. When the

® &quas:
“Wation (3) is drawn up for the MOS transistors M1 and M2 shown in Fig. 1 the -
i the respective main current paths comply with

!
w o ¥ ' .
l L\::: {F(VRioVoi1) - F{Vrio,V110) } W
. .
REPLACEMENT SHEET
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: U@Wdﬁimdin’! factor. In addition to the first and the
second series :arf angenent of qunirent dividers (CD1, CDm CDn and CDz) the
i ntegrated ciricutt=cormprisesan {i nput ternminal |l for receiving an input
current li, agirst output termijnal O fotssupplying an output current I|o,
a second output term nal o2 f or 'suppl yi ng a second output current, and a
control circuit CC fgr supplying the reference voltages required for the
current dividers QDl,MQ:DrQ agd Z.ppbM |l @l y,to the current divi )
shown in Fi gslMBA” 7Bye8, 19 a‘ﬂ&'?@”ﬁhe Euﬁr"f‘lé’ﬁ?r“(?y\}/i ders CD1, CDm CDnegimd
CDz shown in Fig. 13 conprise a first termnal (110, InD, In0O, 120), a
second term nal (011 ., Onl, Ozl1), third. termpnal (012, |2,
Oz2), a four where FW‘?&%T(IYHQ n FW'EM}‘%@ a,nglég l%a%rﬂﬂafﬁéﬁm%ﬁmﬂ
(R10, RmD, R0 diviert BRPBGEA [ bt Ve, aAlohstahildnd indipentink: of! 21)
bei ng used a?qeﬁg?}t@af‘erm nal s.sgrt%eﬁ% ?5?1 serik@é ar r angenent ié‘t corrg'?tiosfles

| east a fi r stji0; (fthe potentiali Vigy foEl gisrenl signalomurrenti [il61is repiresedted aSnpatential he
second series arrangenent, of gqurrent dividers, conprises at |east a first
current i vi HadOcB Rt of the,srevapt enl Chrianh HOGRRIS If & Hangs Cthe duriens
arrangement 5o adoul h8igh Bl mhin dufrehP ithe dnk RedpBBive EHENBEY beligl givefi®
term nal Iloﬁ%aﬂ(%%edﬁt%ﬁthe term naf)%, t he respecti\g?ter na sy011
and Oml are coupled to the tegm nal IO, the respective termnals OL2 and

O are coupl gfl, 4 0=t lEoxwit put Mr nj Pevg Q0 0and100% Lqepqgéiv (Gf BT en6p
termnals R1I0 and RnD are couBM&d to t%lg C(l:)lgtrol circuit : ﬁ?\ :

havi ng a seco dt

and
. - M2 | .
A-IdMZ = Jol2 = -io—M—z {F(ano,Vno(IiIO)) -F(Vklo,vllo(O))} (7)

From the above equations (6) and (7) the next equation (8) for the current division of
the signal current 1i10 can be derived '

0 | Wy Ly o | : (8)
1012 | Wm2 Dm . _ :
_‘"hiCh ¢quation represents a current dividing factor dictated 'by the dimensions of the
- MOS transistors. Equation (8) corrc_)borites the above statements that the current
division, 7,¢; the current dividixig factor, is independent of the signal current 1i10 and
"dependent of the potentials Vi, and vo,o. For a complete description of the current
iderin accordance with the invention the following equation (9) is required in

“dition to equation (8) ,
10 < - 1611 - 1012 : | (9)

hich “quation represents the change of the signal current Ti10 in relation to the
“Spective signal currents Tol1 and Iol2. From equations (8) and (9) it follows thatin
m;:sf of an 'fnput current corresponding to the signal current Iil0 this defines the
h°!ed Signal currents (Tol1, Iol2). In addition to the above considerations it is to be
. O the basis of the above derivation, that the current division is substantialy

“d that the current division applies both to the non-saturated and the saturated



t he second s PG “fthe termnal 1n0 is coupled to the terminal

lz1, the t doudpl ed to the output ternminal 002, the

respective t 1 are coupled to the output terminal O, the.
t

respective tlerjm naI s , 012an 2 are 16
27 couplled to the output termnal 002, and the

respective r E%Edi& -8 inBividal MBS transistors, the dimensions of tR MIGUP! ed
to the contr Clrcuit CC. The first and the second series arrangenent are

coupl ed to oppsistorstrequired fomsurrentodivider nobsing specified, avhich mbdqsrmompacr ni.
g s P b o SO 0, Oy SV, oW 1 Fig- 13
and the second seri esgjgr 2%&9@%%&%&3@&&@@% &drrénitidividér MOdccbidahdecd t O
the use of the current dividers shown and nmay i ncl ude
one or nore fvt thi énvenyon.chhe priesent! smbpdxment 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 i1l and three further MOS transistors Misl, Mlsj and Mlss each
having a control electrode and a main current path. The terminal I11 is coupled to a
point between the main current paths of the MOS transistors M1 and Mlsl, the control
electrodes are coupled 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 O11. Although Fig. 2 shows only four terminais 110, I11, Ol1 and O12 a
further terminal for a further signal current may be coupled between the main current
paths of each of the MOS transistors M1sl, Mlsj and M1ss. The present current divider

effects a current division whlch depends on the use af the respective terminals and on

both the dimensions and the number of the respecuve MOS transistors. For example,
When the terminal [10 is used as an input terminal, the terminal I11 is not used, and the
lerminals O11 and O12 are used as output terminals, the present current divider effects |
d current division defined by the dimensions of the MOS transistor M2 relative to the
. Gimensions of the serially coupled MOS transistors M1, Mlsl, Mlsj and Mlss. If the
- Rlevant M_OS transistors have equal dimensions, which equal dimensions can be
edlised simply by means of preserit-day scaling techniques, it can be demonstrated by
ens of equation (8) that the present current divider effects a current division which is
“versely proportional to the ratio between the number of MOS transistors between the
"*Mizal 110 and the terminal O11 and the number of MOS transistors between the .
il [10 ang the terminal O12. As a result of this, the signal current Ioi1 is four
:: % small as the signal current Io12. In the case of unequal dimensions of the
. 3t MOS transistors or in the case of another use of the terminals the current
ision ¢an be defined in a manner similar to that set forth above.
Fig. 3 shows a third embodiment of a current divider in accordance with
R ll\vemmn The present embodiment differs from the current divider shown in Fig. 1
M Ja:l: Present embodiment further comprises three further MOS transistors Mipl,
Mipp each having a control electrode and a main current path, the control



corresponding to the further current divider COj shown in Fig. 12, coupled

in series between the first current divider CD1, CDn
and the last current divider COMm CDz. In t he present
circuit the input current li is SUCCESSIVT+y di vi-ded by the respective
current dividers (CD1I, CDm of the first series

(COn, CDz) o e B8, SBIR, 2HE rerh v 101 and, e mpin rgpek PASEED ¢,

exanple be si ol 3ipledin bmnarwﬁﬁtmeﬂmmm@ens athrof the MOS tfahsistbr M1 9The

yi el ding t he bei® residual output current |o and the

‘currents di wgged curzent divides reffflects lascuprent division @hich depends on the use of the
av

and 1zO bein | abl.e .on_the .t n

Vol t ages e sermifalS nd 35 ik el @mepions, and, R Cupety o o {%EWOE
vol tages are a géokse%}@xi:hﬁler eiheﬁqsbcenmnal 110 is usedasanmput tératinalpands thel0,
RnD, RnO and which are related to the first reference voltag

Rv10, the r eqaninals O3 Laad QIR angi used s Supyh tesminals, the,present currept d U‘%é&eﬁsst |

e v o g s AP O e 2 il G

~active state and«ai3 otk padiléidoupled MOS garisistsrs M1, Mipl NMipjiand 3&tpyl, df thei n
the passive state. Thus, the g‘r.'esent i nt egrated
circuit enabl eisvast MORtrapsisions bavereqval dimensions, it gambe demonstrated by means of

real i sed, whi chcures At ofll Megdoh RufiBft §icdd BoliOl SHRAPUSidA whith ipur pose of

curren rsitnthe first

series arrang ANE thef mﬁo%t\ﬁédhttﬁé in@fber of MOS transistors betweenstheiterminalo
the current divider shown in Fi

\ and the current dividers in the nd
series arrangHfaithereemisal @lé@ﬁgtﬁmﬂlﬂmbﬂ of MQ%MS&%@W&? mﬁ'ﬁgw
shown 1 nFi 0. 33 the terminal O12. As a result of this, the signal current Iol1 is four times as large

as the signal current Iol12. In the case of unequal dimensions of the relevant MOS

wmansistors or in the case of another use of .the terminals the c':urrent. division can be
defined in a manner similar to that set forth above.
Fig. 4 shows a fourth 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 a fourth terminal 112 for a fourth _
nl current 112 and three further MOS transistors M2s1, M2sj and M2ss each having
" control electrode and a main current path. The terminal I12 is coupléd to a point
"tveen the main current paths of the MOS transistors M2 and M2sl, the control -
Sectodes are coupled to the reference terminal R10, and the main current paths are
*7ally coupled between the main current path of the MOS firansistor M2 and the
gl 013, Although Fig. 4 shows only four terminals I10, 112, O11 and O12a -
terminal for a further s1gnal current may be coupled between the main current
s Of each of the MOS transistors M2s1, M2sj and M2ss. The present current divider
83 currey division which depends on the use of the respective terminals and on
the dlmenslons and the number of the respective MOS transistors. For example,
W termma.l 110 is used as an input terminal, the terminal I11 is not used, and the
*OL1 and 012 are used as output terminals, the present current divider effects
°‘g::m‘“"ision defined by the dimensions of the MOS transistor M1 relative to the
% of the serially coupled MOS transistors M2, M2s1, M2sj and M2ss. If the
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the presenty ci r‘fﬁ#&w t

arr angeneht: el
current djVv: ding.t

h% addi ti onal advant age that in the first series
% current divider provides a coarse

| ve decibels) and that in _
t he secon§l Series arrangenept each currentd divider provides a fine current
dividing | IS AL factor (two decibels), so that a fine current

di vi si on dVﬁfevﬂﬂMOSMh&ﬂ'S have bqual dirhersivts, it can be demonstrated by méans wEans
of a conparatlvelé@jsmal nunber of cyrrent dividers.

Fi g. 14 shoeqyatpn BaFTHAVITeRt diyider A-reat division wiighy isdnyrgsely

I it f t
FOU: f}‘r ;ey Ol ropoHtibkdt to %é’h%rb%tw&rﬁﬁ‘é Pﬁggggé‘&@ﬁségﬁ’w%ﬁwﬂﬁl on
i nt egrat ed goraadlme erminal 44 and mpumbexeomas traﬁdlstbnrbetweeu mert&nﬁﬂalllimut

Zgr r ent I, aﬂa J,é ge%%may t(f)ltit AEsear rrgsxr}la Iof %xs, the sxgxPaP chrerﬂ 1o11 i four tlmes 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 to 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 reference terminal R10, and the main current paths
being coupled in parallel with the main current path of the MOS tmnéistor_ M2. The
present current divider effects a current division whicﬁ depends on the use of the -
Tespective terminals and on both the dimensions and the nurhber of the respective MOS
transistors. For example, when the terminal I10 is used as an input terminal, and the

| terminals O11 and Q12 are used as output terminals, the present current divider effects
acurrent 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

 ®levant MOS transistors have equal dimensions, it can be demonstrated by means of |
®quation (8) that the present curi'ent 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
3 the signal current Io12. In the case of unequal dimensions of the relevant MOS
Tnsistors or in the case of another use of the terminals the current division can be
% in a manner similar to that set forth above.

Fig. 6A shows a sixth embodiment of a current divider in accordance with
® invention. The present embodiment, which comprises one further MOS transistor
.l."’o having a control electrode and a main current path, differs from the current
_Md-" shown in Fig. 2 in that the present embodiment further comprises an inverter
ot IC1, the control electrode being coupled to the reference terminal R10 by means



current lo, a second output term nal 001 for supplying a second out put
current, a third output termnal 002 .for supplying a third output current,
and a control circuit CC for supplying the reference voltages required for
the current dividers CDlL, COj, and CDs. Si@ilarly to the current dividers
shown in Figs. 7A and 10 the current dividers CDl, CDO and CDs shown in

Fig. 12 conpgsiyecinfertér citculitelql, Al the #Rin tirPent lpafd), sirtilrfF & the! MO thaisistded 1.
g1, GCsl), athird termnal O12, 2, 0s2), a fourth termnal (111, 1)1,
Is1), a firsMisleMlisiand Mbssrssmn ip %ﬂ 2,peing roupled between thecwain cuerent patbeof
terminal (R12, R Rs%%kg‘re([ spec .iv'oﬁ'r t t rm'nabs%%lo I.ogthgl (\)r)l
bei ng used a@‘?’%@?ﬂ? an ﬁ%@‘ﬁ"&fﬂﬁf ETM"‘&W e fﬁf‘t—f&‘{ ?13 0
termnal 110 Ruffenedivife? absunies Wfist adtiveldi eNgdte.| inGhe e nal
?heegm pasive! gt deByén

Onj 2 is coup to the termnal 1sO the termnal” Gs2 is coupled to the
out put t er m st ofohe current divider ithe, referenes veltage Rvil0 causesthel MOS transistoouM led

coupl d ¢ ot #18 N I € vyrted,on 28 dhE MG sralflstof M50 3o e et i Bieans pf e
R11, R12, R fhverfgr dirciib ICEWhétess il Be GassVe Stateoftthe cRBAt divider theUWeferérice

Al t hough the integrated circuit shown in Fig. 14 conprises only three
current di vi vektage RniD eansesthedyQSutransistorgiMi @ad M2 to be dumned eff- andethe MOS Ui t

oL 1L ity B0 WD R MO el 1 e e e
current divider is in the first active state, in which an input current corresponding to the
fourth signal current Iill is applied to the terminal I11, the MOS transistor M1 and the
MOS transistor M2 allow the passage of the respective signal currents. 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 (le 1) applied to the terminal 111,
the signal currents being determined by the input current (Tl 1_)'depending upon a circuit
coupled to the terminal (I110). In the passive state the signal current Iol1 flows through
the MOS transistor M1s0, which signal current is equal to the input current (fil1)

. owing to the cut-off state of the MOS transistor M1. Consequently, the present éurrent
divider has the advantage that the input current (Iill) is divided or not divided in

- dependence upon the state of the current divider, which state is dictated by the first
reference voltage Rv10. ,

| Fig. 6B shows a seventh embodiment of a current divider in accordance
¥ith the invention. The present embodiment, which comprises one further MOS
Tansistor M2s0 having a control electrode and a main current path, differs from the
%t divider shown in Fig. 4 in that the present embodiment further comprises an -

+ IA¥etter circuit 1C2, the control electrode being coupled to the reference terminal R10
by Means of the inverter circuit IC2, and the main current path, similarly to the MOS
Tnsistors M2s1, M2sj and M2ss shown in Fig. 4, being coupled between the main
TNt path of the MOS transistor M2 and the terminal O12. Depending on the

ezence voltage Rv10 the present current divider assumes a first active or a passive

*In the first active state of the current divider the reference voltage Rv10 causes
eeas——————y 0s transistors M1 and M2 to be turned on and the MOS transistor M2s0 to be
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off by means of the inverter circuit IC2, whereas in the passive state of the
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- [ i .
di vi der CDj c&ufleﬂiﬂﬁﬁ¥éW$Es§b;tmeen the first current divider CD 1 and
t he | ast curr:nELgLyidQL_Qﬂﬁhjli the present circuit the input current Ii
i's successi vell y the rlespective eurrent dividers, which current
di viders may fi Sadplewhessimdll ar to thegcurrent dividers shown in Fig.
7A or 10, yielding the residual output current lo and the currents divided
via the ternjpahsditlidr tHe referém@d vaithgd Rvil0 caisds lid MO trahsigtoiseMi 2nd! MOG34 bend

the currents divided via the terminals 111, 1j1, and Isl being avail able on

t he terni nal woed offnditbe AMOSrtransistor dvldsliocke tusnedaore by grasas of the ipyenterccircuit

P B 1 terrdfpen tE DA I RE BivileR sERP e sl S VE S RPRR ab 0. °
Rv10 and to fjent sirfesporiding &F therfolisth Isigaal érrent 4112 iRkapplied o the ttitnal 111, the

nmodi fication of the first reference voltage Rv10, the respective current
di vi ders canM§8 tasistosdvid iand she MQS trnpsistor Ml allew itha-passage-ofthe respective ond

‘active state,, | e r | r f VA

either the t Sﬁﬂ]ﬁg’f) &lsogﬁtlg@gi té'%}ir%hgri:%l Mgg(;g %uog,fldlfﬁneéj B)\réeﬂ;tgﬁ#nﬁe]{%ag? g}eed
circuit enabki%ﬁl cureent throuple thee MOS: fransistyr MO will be lequdl o the input pdrrend (Ti12y ent
di vi sion can be used for ‘exan]g)l e for a digital-to-anal og converter. In the
di gi t al - t o- arppliesytocthasermingl K@ ecthesignab cuents being fetarmined by, thednputicugreati on

the basis.of qaflidhehdthg 3p6A 3 ciftlht'colifiel Go tHiFteriNal Plo. h'thid'bssive stftl the
| 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 (Ii12)
is divided or not divideq in dependence upon the state of the current divider, which
state is‘dictated by the first reference voltage Rv10.

Fig. 7A shows an eighth embodiment of a current divider in accordance with

the invention. The present embodiment, which comprises one further MOS transistor

| MI1p0 having a control electrode and a main current path, differs from the current
divider shown in Fig.-3 in that the present embodiment further comprises a fourth
terminal 111 for a fourth signal current Iill and an inverter circuit IC1, the control
electrode being coupled to the control electrode of the MOS transistor M1 by means of
the inverter circuit IC1, and the main current path, in another way than in the circuit
shown in Fig. 3, being coupled between the terminal 110 and the terminal I11. In
4dition, 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
'minal R11 for receiving a reference voltage Rv11 and in that the control electrode of

e 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
Ml and M2 is provided by means of a control circuit CC, which control circuit is
Mown in some of the following Figures, the reference voltages Rvl1 and Rv12 being
Geriveg from the reference voltage Rv10 mentioned in the description with reference to
e Preceding Figures. In comparison with the preceding embodiments the present
emP"-dimem has a second active state in addiﬁon to the first active state. In the first
k:% State of the current divider the reference voltage Rv11 causes the MOS transistor



the first nodification of the reference
econd nodi fication not being needed. The
mented for exanple by neans of a shift
=S ] rs used as gptches, the first nodification
of the refergnce voltage RulQ Heing effected each time after a new word of

the digital e titied 67 ind ARARKOS BinsiSiaN MDD tb /b8 hiried loff By infeafiflbt fhe O

the reference signal Rvl0 it is achieved that "with eac _
the digital sivertet ciscwiulCkrandche reference vokagedivdi2ncauses theiMOBI transistos M2 ito be

current 1 ovitBed, o THE. i BT hvISrrofuomoe e HEnRbCurtiat SHD toiacuirrigt divisiohe

" fhe prescr tefied HOMEQladig (BPaf B)° WMICCIRA Bitiof npull i gl - S

transi stors icsrrents)iolleahdplod2bin thetsecandpactive istate o thecauriept dividerithén refedence

' voltage Rv11 causes the MOS transistor M1 to be turned on and the MOS transistor
M1p0 t6 be turned off by means of the inverter circuit IC1, and the reference volfage
Rvi2 causes the MOS transistor M2 to be turned on. Consequently, the current divider
subjects the signal current Ii10 to a current division as defined by the equations (8) and

(9), which current division results in the signal currents Iill and Io12. Thus, the

control circdgit

present current divider enables the signal current to be transferred to a further current
divider, divided in a first way or divided in a second way depending on the reference
| voltage Rv11 derived from the reference voltage Rv10. ' _
Fig. 7B shows a ninth embodiment of a current divider in accordance with

the invention. 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. § in that the present embodiment further comprises a fourth
terminal 112 for a fourth signal current [il2 and an inverter circuit IC2, the control
electrode being co'upled'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 Rv11 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 Rvl1 causes the MOS
"ansistor M1 to be turned on, and the reference voltage Rv12 causes the MOS



digital -to-anal og converter by nmeans of thirty-two MOS transistors, which
converter can handl e high frequencies. (100 MHz) owi ng to the conpact ness of
the circuit. Fig. 15 shows a fifth enbodi ment of an integrated
circuit conprising a plurality of currentq4lividers in accordance with the

I nvention. The present enbodi nent, which conprises for exanple an
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a first way or divided in a second way depending on the reference voltage Rv12 derived
from the reference voltage Rvi0. |
Fig. 8 shows a tenth embodiment of a current divider 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 transistor M2s1 coupled in series with the MOS transistor M2, differs
from the curréht dividers shown in the preceding Figures in thai the present
embodiment further comprises threg further MOS transistors M2p1, M2plsl and
M2p1s2 which are coupled parallel to the MOS transistor M2 and which each comprisé
. 2 control electrode and a main current path, the control electrode_s of the. MOS
Tansistors M2p1, M2plsl 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 M2pl, M2plsl and M2p1s2 being coupled parallel to the main
“urent 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 .
Nle)lsl. The present current divider is a first example of a combination of the current
®iders shown in the preceding Figures, the signal current Lil1 being divided into the
Yol Currents 1i10 and Ii12 in a first active state of the current divider, and the signal
! being opposite and equal to the sighal current Iol1 in a passive state of the
Udivider, As the present current divider comprises two sections (M1, M2, M2sl
M2p, M2plsl, M2pls2 respectively) of a ladder network (a so-called R-2R
x ), iﬁ is easy to see that in the first active state of the current divider forming part
REPLACEMENT SHEET network the signal current Ii10 is attenuated by approximately twelve
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transi stors being coupled to a reference termnal- RR2 for receiving a
reference potential. The current-to-voltage converter conprises a resistive
el ement Riv and an operational anplifier Aiv having an inverting input, a
non-inverting input and an output. The ir@&rting input is coupled to the

i nput termnal |Is, the non-inverting input is '

30 coupl eddécibetshelaméw etecsighat ronirend Ii RR{each sectioneproditqey taniattemgitionest t o t he
i nverting |nput b ans of the resistive element Riv and to the output

term nal mﬁ@ Ya$% \decibelsasia @s@aeﬁ the B2} matio), Pro¥Idsd dhas the last emrént
Fig. 15 il
C:J(I::]I’ent ![O W@ggﬁggﬁé%??%&& e VO{‘ Ié?%&.fél?lr n{'ﬁgonv %ﬁr‘%‘el ng

ef fected i ngpalipeoupled MOS eransifiorsce t he CI rcuit conprises the MOS
transistors

Fig. 9 shows an eleventh embodiment of a current divider in accordance
‘with the invention. The present embodiment 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 electfodes of the MOS transistors Mlpl,
Mip2, M1p3, Mip4, M2s1, M2s2 and M2s3 are coupled to the reference terminal R10,
| the main -current paths of the MOS transistors M1pl, Mlp2, Mlp3 and M1p4 being
coupled parallel to the main current path of the MOS transistor M1, and the main
current paths of the MOS transistors M2sl, M2s2 and M2s3 are coupled in series
between the main current path of the MOS transistorM2 and the terminal O12. The
 present current divider is a second example of a combination of the current dividers
shown in the preceding Figures, the signal current Iil1 being divided into the signals
- Currents Ii10 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 Iill being equal to the signal current in .
the MOS transistor M1s0 in a passive state of the current divider. The present current
divider, which forms part of an integrated circuit, produces an attenuation of
3pproximately 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.
5 COmprises a further MOS transistor M2p!1 having a control electrode and a main
Slrrent path , the control electrode being coupled to the reference terminal R10 and the
"in cyrrent path being coupled parallel to the main current path of the MOS transistor
HPLACEMENT SHEE* " The present current divider is a third example of a combination of the current
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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 lo, a second output terminal OO1 for supplying a second output currént, and a
control circuit CC for supplying the reference voltages required for the current dividers
CD1, CDj and CDs. The current dividers CD1, CDj and CDs, similarly to the current
dividers-shown in Figs. 1, 2, 3, 4 and 5, comprise a first terminal (110, 5O, Is0), a
second terminal (O11, Oj1, Osl), a third terminal (O12, Oj2, Os2), and a reference
terminal (R10, Rj0, Rs0), the respective first terminals (110, Ij0, IsO) being used as -
input terminals. The first input terminal II is coupled to the terminal 110, the terminal

~ 012 is coupled to the terminal 10, the terminal Oj2 is coupled to the terminal Is0, and
the terminal Os2 is coupled to the output terminal OI, the respective terminals O11, Oj1
and Os! being coupled to the output terminal OOL, and the respective reference
terminals R10, RjO and Rs0 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
Current dividers similar to the further current divider CDj may be coupled in series
between the first current divider CD1 and the last current divider CDs. In the present
Circujt 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
Gividers shown in Fig. 1, 2, 3, 4or 5, yielding a residual output current Io and the
Currents divided via the terminals Ol11, Ojl and Osl being available on the terminal
00y, By means of the reference voltages generated by the control circuit CC, which
Yoltages are applied to the reference terminals R10, Rj0 and RsO and which are related



many of the ways shown herein. Mreover, it is to be noted that the MOS
transi stors of the current divider can be NMOS transi stors and PMOS

t'ransistors.

C ai ns:

31
25

-to the ﬁrst reference voltage Rv10, thé total number of divided currents can be selected

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 being set to
their passive states. The control circuit CC can be constructed in various ways known to
those skilled in the art, for example by means of some MOS transistors used as
switches.

Fig. 12 shows a second 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 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 control circuit CC for
supplying the reference voltages required for the current dividers CD1, CDj and CDs.
The current dividers CD1, CDj and CDs, similarly to the current dividers shown in

Figs. 6A, 7A, 8, 9 and 10, comprise a first terminal (110, Ij0, Is0), a second terminal

(011, Ojl Osl), a third terminal (012, Oj2, Os2), a fourth terminal (Iil' Ij1, Isl) and
a reference terminal (R10, RjO, Rs0), the respective fourth terminals (I11, Ij1, Isl)
being used as input terminals. The first input terminal II is coupled to the terminal I11,
the terminal 110 i is coupled to the terminal I]l the terminal OjO is coupled to the
terminal lsl and the terminal IsO is coupled to the output terminal OI, the respective
terminals O11, Ojl and Osl bemg coupled to the output terminal QO1, the respective
terminals O12, Oj2 and Os2 being coupled to the output terminal 002, and the
respective reference terminals R10, RjO and RsO 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 current 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 Ii 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
Crrent Io, the currents divided via the terminals O11, Qj1 and Os! being available on

,_ w_j_g terminal OO, and the currents divided via the terminals 012, Oj2 and Os2 being

]
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1. A current divider for dividing a first signal current (1i10) into
a second and a third signal current (l1o0ll, 1012), which current divider
‘conprises a first term nal (1'10) for the passage of the first signa
current (1i10), a second term nal (011) fQP t he passage of the second
'signal current (1o0ll) and for receiving a tfirst potential, a third

termnal (012) f.ok .. as | ' ' : r
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second el emrent coupl ed between the first term nal HB%{:H&Q nd the third
ternminal (0ldyidedenrrents ean beselegted by, setIng ope 0 MOIE SHERAL “d%ﬁpﬁomﬁ

by neans of a firg: Si:S: '
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second MOS t ppyhrdiighrCds bein setito \theig passiverstated. Hiuscthequreseatiintegrated eircuit r ent

path, the control el ectrodes of the &%E%&'sgcpd t.he second MOS tr nsllé‘%or

(ML, M) bei engbleba gPetmolied qurrent divisien i 1 ’t‘@‘ﬁ\(‘eﬁﬁm ‘W‘%‘?‘"ﬂ& i ng

a first reference t ' %Qﬂ-%%‘:&h tsBttin

first and th@rm%ﬁ@ﬂ#‘gr%ﬁ%?lbr %@?\xtﬁ}ﬁ; o'lurl g a ¥| rsg’?actl\ge l{l%ﬂtl‘igy of

t he cur r eigf cuceti di®iders foctheirifirstcactive statgsat h of the first MOS transi stor

(ML) being coupl ed bet ween the first termn (110) .and. t he second
Lor i nal (01 1} and ¢ FiE.rch Shovisra Gie Ssokadimentiit an ialegbued SmEodRBREn 2or

(M2) b eing @@}m{f& QfekeAPaNViadtS if hécdrddn@é Willthe (hvébtioANThe présit dnibddiment

term nal (01Z2). .
‘ comprises a first series arrangement of current dividers (CD1, CDm) having a first

currént dividing factor and a second series arrangement of current dividers (CDn, CDz)
having a second current dividing factor. In addition to the first and the second series
amangement of current dividers (CD1, CDm, CDn and CDz) the integrated circuit
comprises an input terminal II for receiving an input current i, a first output terminal
Ol for supplying an output current fo, a second output terminal OO2 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, 120), a second terminal
(011, Om1, Onl, Oz1), a third terminal (12, Om2, On2, Oz2), a fourth terminal

(11, Iml, Inl, Izl1), and a reference terminal (R10, Rm0, Rn0, Rz0), the respective
fourth terminals (111, Im1, Inl, Iz!) being used as input terminals. The first series
Umangement at comprises least a first current divider CD1 and a last current divider
CDm and the second series arrangement of current dividers comprises at least a first-
Current divider CDn and a last current divider CDz. In the first series arrangement the
input terminal II is coupled to the terminal 111, the terminal 110 is coupled to the
minal Im1, the respective terminals O11 and Om1 are coupled to the terminal IEnO,
'he respective terminals O12 and Om2 are coupled to the output terminal 002, and the
"SSpective reference terminals R10 and RmO are coupled to the control circuit CC. In
the second series arrangement the 'terminal In0 is coupled to the termmal 1z1, the
®minal 120 is coupled to the output terminal OO2, the respective terminals Onl and

], ACEMENT SHEET- %l are coupled to the output terminal OlI, the respective terminals On2 and 0z2 are
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2. A current divider as claimed in CQaiml, characterised in that

the current di vider further conprises one or nore further MOS
transi stors (Msl, Msj, Mss). each having a control electrode and a
main current path, the control electrodes ¥eing  coupled to the first

reference termnal (R10) for receiving the first reference vqlta&%Q
(RV10) to reewplg@ to, thereutput tevminal Q2, @nd ithe: respective reference denminals and Rz0

curront i vi SEeov Wt bpueil ERewiE i hel S ld e, G it Aol e

between the g g S ong ahopes By dleahbof e @imiMBEIrhO a6 i erminal G Alaeigh e |

second term na 1). A current divider as clained In
Claim1l or 2mwgmda@mm simm in Figad3 cpmprisesconly déwo cyrrentidividery inbath the first

conprises ong O YRIG4 sefibd Sradfemeht HaShebfss (iMiicis A8t Rmited to the uskof 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 CDm, 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 current dividers shown in Fig. 6A, 8 or 9, yielding the
residual output current Io and the currents divided via the terminals 012, Om2, On2,

" 0z2 and 120 being available on the terminal OO2. By means of the reference voltages
generated by the control circuit CC, which voltages are applied to the reference
terminals R10, Rmo0, Rn0 and Rz0 and which are related to the first reference voltage
Rv10, the respective current dividers can be set individually to the ﬁfst 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

. siate, Thus, the present integrated circuit enables a controlled current division to be
realised, which current division can be used for example for the pu'rpose of volume
tontrol. 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 provides 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 small 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
:I"ffent dividers CD1, CDj, and CDs the integrated circuit comprises an input terminal
LACEMENT SHEET for receiving an input current Ii, a first output terminal OI for supplying an output
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MLpp) each h%vﬁ%l"aawcﬁﬂ?fz\ el ectrode and a main current path, the control

etectrodes} | being.ca o the first reference termnal (R10) for
‘receiving §hé first referenc vol t age &Rv 10) to realise a conductive
state of t . Fther MOS transBstors (Mipl, Mlpj, Mipp)

during the first actlve state of the current divider, and the main
current pat learreilaga seeaedcoutpyt temminal @O1ifer supplviag m sependheutputceurrenta phirdy
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current paths belgﬁg coupled i.n series e main current pat h of the

second Mos Is)i 2 .rsie&ncemmamlﬁeknhuw)mdwam ndeference

the current RV Sedetiive B ey a6, o, 1 3%%‘%?%@%@%2?2

(Mepl, VP inpuit m)mmcm ifeouphal © the méﬂmhaldlle,cmeadmmﬂdom i@tdupled tocthé

path, the Cotenrtmru?all 1j0, the termmal Omj2 is coupled to the terminal IsO, the terminal Os2 is
coupled to the output terminal QI, the respective terminals O11, Ojl and Osl are
‘cdupled to the output terminal OO1, the respective terminals I11, j1 and Isl are
coupled to the output terminal 002, and the resﬁective reference 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 fprther 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 sucdessively 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, Ojl, and Osl being available on the terminal
001 and the currents divided via the terminals I11, Ij1, and Isl being available on the
rminal 0O2. By means of the reference voltages generated by the control circuit CC,
Which voltages are applied to the reference terminals R11, Rjl, and Rs! in a first
Modification of the first reference voltage vaO and to the reference terminals R12, '
Ri2, and Rs2 in a second modification of the first reference voltage Rv10, the
feSpective current dividers can be set individually to the first active state and the second
Llive state, an applied current being transferred in divided form to either the terminal
001 or the terminal 0O2. Thus, the present integrated circuit enables a controlled
cwt division to be realised, which current division can be used for example for a
dfgim'w-analog converter. In the digitai-to-analog converter the controlled current
%ision is effected on the basis of a digital signal applied to the control circuit CC, on
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representation of the digital signal. As in the present circuit only a current divider
comprisihg four MOS transistors is required per bit it is possible to realise an eight-bit
digital-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
plurality of current dividers in accordance with the invention. The present embodiment,
which comprises for example an arrangement'of current dividers as shown in Figs. 11,
12, 13 and 14, further compnses a voltage-to-current converter coupled between a
further mput terminal IV for receiving an input voltage, the input terminal II shown in
said Figures, and a current-to-voltage converter coupled between the output terminal OI

- shown in said Figures and a further output terminal OV for supplying'an output voltage,

a further input current ii flowing via the input terminal IV and a further output current
loo 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
teference terminal RR1 for receiving a reference potential, 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 111, 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



33 first MOS transistor (ML) and the mai n current path of the at |east one
further MOS transistor (MsO. 7. A current divider as clainmed in

Claiml, 2, 3, 4 or 5 characterised in that the current divider further
conprises a fourth termnal (112) for th gPassage of a fourth signal
current (1il12), an inverter circuit (IC2§ at | east one further MOS
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to realise a conductive ate -of the,at | east on
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(VoSO clur i 8epis euciepcand B carmgat-orioiges PERErISt, e YohalRcsortarant BRRERIGH, o
being coupl o ffela8 in 'a \Pecial manner. Since the circuit compnses 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 lii flowing via the
input terminal IV, which current lii depends on the voltage applied to the terminal IV.
As the current [ii is dictated by the voltage drop across the resistance Rvi the current
“supplied to the input terminal 1I by the operational amplifier and the input current Ii are
determined by a feedback loop comprising the 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 II, which ladder network can produce a
.controllable gain, for cxamplg by means of a further control circuit.

The invention is not limited to the embodiments shown. Within the scope |
9f the invention several modifications are conceivable to those skilled in the art. For
txample, 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 integrated circuit in
Tany 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: - ‘
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mai n current—pattrof the second MOS transistor (M) and the third term nal
(012), ang nal (112) being coupled to a point between the
i n curr ﬁ ﬁz“lﬂ WI Il' 1 second MOS transistor (M2) and the main current

path of th o:ne urther MOS  traypysi stor..LMsQ B A
current «divider as clained in aim1, 2, 3 4o0 g}j&,ﬁsv, in

that the cur .divider further conprises a f ouk t termmal—(T1}) ifor the
passage of urth signal current (l1il1), an ifnfer ty(#Cl), and
at least one further MOS transistor (MpO havif "t“?d“ﬂr@fé?’”’e c'rode and
a main current path, the control el ectrode bei ontr ol

el ectrode of the first MOS transistor (ML) by ;
circuit (I1Cl), the control electrode of the firstt
bei ng coupled to a second reference termnal (R11), coupled to the first
reference termnal, for receiving a second reference voltage (Rv1l),

derlvedfromtheflrst reference _voltage, to realise a cut-off state of

the at |eastl one f ur t AePuTEEnY dﬂY‘ﬁﬁstStdé)‘fldmg(Q\/ﬁﬁbflS&@r‘FWn! R1Q)jintora second e
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t erm nal (I10) and the fourth term nal Illb‘ current
di vi der as cessagedf the wcandrsignabcureent flod}) and mmslas@@tmenual

" 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 terminal (O11), and at least a second element coupled between the first terminal
(110) and the third terminal (O12), characterised in that the first element is implemented
by means of a first MOS transistor (M1) having a control electrode and a main current

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
terminal (R10) for receiving a first reference voltage (Rv10) to realise a conductive state
of the first and the second MOS transistor (Ml M2) dunng a first active state of the

. current divider, the main current path of the first MOS transistor (M1) being eoupled
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 (O12). ;
2 A current divider as claimed in Claim 1, characterised in that the current
divider further comprises one or more further MOS transistors (M1sl, Mlsj, Mlss) -
fach 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 voitage
(Rv10) to realise a conductive state of the one or more further MOS transistors Mlsl,
M1sj, Miss) 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
M1) and the second terminal (O11).
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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that the current divider further conprises a foyr; h_term nal 29 for the
passage“Mmml“mmmn gnal current (1i12), anji: vé}YéﬂrAYci%uH (1C2), and
at | eas transi st or (M2p0) hayilng..a control € jctrode and
a main carréntt pdth® the control el ectgpde b ng coupled to t | cont rol

el ectrode of the second MOS transistor (M) by lscesei. swsdBalsS~0Ldl he
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the currenpyehyiMeh), M) durin@tht Fistactios 46 6f/the current divider, and the main
current paths being coupled in parallel to at least the main current path of the first MOS
transistor (M1).
4, A current divider as claimed in Clalm 1, 2 or 3, characterised in that the
curreni divider further comprises one or more further MOS transistors (M2s1, M2sj,
M2ss) each having a control electrode and 2 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 6:' more further MOS transistors
M2sl, M2s_1, 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 (M?2) and the third terminal (012).
5. A current divider as claimed in Claim 1, 2, 3 or 4, characterised in that
the current divider further comprises one or more further MOS transistors (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 receiﬁng the first
reference voltage (Rv10) to realise a conductive state of the one or more further MOS
transistors (M2p1, M2pj, M2pp) during the first active state of the current divider, and

. the main current paths being coupled in parallel to at lm_st'the main current path of the
second MOS transistor (M2). '

0

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 (Til1), an inverter circuit (IC1), at least one fyrther 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 (IC1) for
l'eceiving 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 least one further MOS transistor (M1s0) during a
Dassive state of the current divider, the main current path being coupled between the
Main current path of the first MOS transistor (M1) and the second terminal (O11), and
the fourth terminal (111) being coupled to a point between the main current path of the
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realise a conductive state of the at least one further MOS transistor (M2s0) during a

e further MOS transistoiﬁE

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 (O12), and
the fourth terminal (112) being coupled to a 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 §, characterised in
that the current divider further comprises a fourth terminal (I1 1)-for the passage of a
fourth signal current (Iill), 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
tennihal, 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
(MlpO) during the first active state of the current divider, and to realise a oonducﬁye-
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 terminal 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 (Iil2), an inverter circuit (IC2), and at least one further MOS
transistor (M2p0) having a control electrode and a main current path, the control
electrode being coupled to the control electrode of the second MOS transistor (M2) by
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(M2p0) during the first active state of the current divider, and to realise a conductive

An

sate 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 (I112).

10. An integrated circuit comprising a plurality of current dividers as claimed
in Claim 1, 2, 3, 4 or 5, 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 (lo), the input terminal (II) of the integrated 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 coupled to a first terminal (Is0) of a last .
curtent divider (CDs), and a third terminal (Os2) of the last current divider (CDs) being
coupled to the first output terminal (OI) of the integrated circuit.

1L ‘An integrated circuit as claimed in Claim 10, characterised in that the
integrated circuit further comprises a second output terminal (OO1) for supplying a
second output current, respective second terminals (O11, Oj1, Osl) of the respective

" current dividers (CD1, CDj, CDs) being coupled to the second output terminal (001)
of the integrated circuit. | _ ' . '
12, 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
erminal (012) of the first current divider (CD1) being coupled to a first terminal (Ij0)

- of the further current divider (CDj), and a third terminal (Oj2) 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
integrated circuit further comprises a plurality of further current dividers, which further
turrent dividers are similarly coupled in series between the third terminal (0j2) of the

" firgt current divider (CD1) and the first terminal (IsO) of the last current divider (CDs).
la, An integrated circuit as claimed in Claim 10, 11, 12 or 13, characterised

' that the integrated circuit further comprises a control circuit (CC), respective first
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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 (O11, Ojl, Osl) of the respective
current dividers (CD1, CDj, CDs) being coupled to the second output terminal (001)
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 (OO2) for supplying a third
output current. respective third terminals (012 Oj2 OsZ) of the respei:tive current
dividers (CD1, CDj, CDs) being coupled to the third output terminal (OO2) of the
. integrated circuit,
18, An integrated c1rcuxt as claimed in Claim 185, 16 or 17, charactensed in
that the integrated circuit further comprises a further current divider (CDj), the first
terminal (110) of the first current divider (CD1) being coupled to a fourth terminal (1j1)
of the further current divider (CDj), and a first terminal (Ij0) of the further current
divider (CDj) being coupled to the fourth terminal (Isl) 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 (CD1) and the fourth terminal (Is1) of the last current divider
(CDs), | |
2. An integrated circuit as claimed in Claim 15, 16, 17, 18 or 19,
tharacterised in that the integrated circuit further comprises a control circuit (CC),
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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 faétor, a
first terminal (110) of the first current divider (CD1) of the first series 'amngement 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 (CD1, CDm),
respective second terminals (O11, Om1) of the respective current dividers (CD1, CDm)
of the first series arrangement being coupled to a fourth terminal (Inl) of a first current
divider (CDn) of a second series arrangement of current dividers (CDn, CDz) having a
second current di\?iding factor, a first _tefminal (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 dividers (CDn, CDz), and
respective second términals (Onl, Ozl) of the respective current divide.rs (CDn, CDz)
of the second series arrangement being coupled to the first output terminal of the

-~ integrated circuit.
2. 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 thxrd terminals (012, Om2, On2, Oz2) of the
respeqnve current dividers (CD1, CDm, CDn, CDz) being coupled to the second output
terminal (OO2) of the integrated circuit, a first terminal (Im0) of the last current divider
(CDm) of the first series arrangement of current dividers (CD1, CDm) being coupled to
the fourth terminal (In1) of the first current divider (CDn) of the second series
arrangement of current dividers (CDn, CDz), and a first terminal (1z0) of the last
current divider (CDz) of the second series arrangement of curient dividers (CDn, CDz)
being 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 integrated circuit further comprises a further current divider, the first terminal (110,
In0)) of the first current divider (CD1, CDn) being coupled to a fourth terminal of the
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current divider (CDs, CDz).
2. An integrated circuit as claimed in Claim 21, 22, 23 or 24, characterised
in that the integrated circuit further comprises a control circuit (CC), respective first
reference terminals (R10, Rm0, Rn0, Rz0) of the respective current dividers (CDI,
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 compﬁses an input
_terminal () for recei\-/ing‘ an input current (Ii), and a first output terminal (OI) for
supplying a first output current (1o), the input terminal (II) of the integfaned 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 coupleci to a first terminal (Is0)
of the last current divider (CDs), and a second terminal of the last current divider
(CDs) being coupled to the first output terminal (OI) of the integrated circuit.

o, An integrated circuit as claimed in Claim 26, characterised in that the
integrated circuit further comprises a second output terminal (OO1) for supplying a
second output current, respective second terminals (O11, Ojl, Osl) of the respective
current dividers (CD1, CDj, CDs) being coupled to the second output terminal (OO1)
of the integrated circuit. _

28. An integrated circuit as clmmed in Claim 27, charactensed in that the’
integrated circuit further comprises a third output terminal (002) for supplying a third
output current, respective fourth terminals (111, 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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32.

An integrated circuit as claimed 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 outp'ut terminal (OV) for supplying an output

| voltage, a voltage-to-current converter, and a current-to-voitage converter, the voitage-
to-current converter being éoupled 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 (I0) of the integratéd
circuit and the further output terminal (OV).of the integrated 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
.volta-ge and a further reference terminal (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, MViZ)_and to a terminal (I11, 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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23. - An integrated circuit as.clainmed in Caim2l or 22, _
characterised in that t he intfegr-a.t ed circuit further conprises a
further current divider, the first terminal (110, In0)) of the first
current divider (CD1, CDn) bei ng coupled to a fourth term nal of the
further current divider, and a first ternm3al of the further current
di vi der being coupl ed to the fourth termnal (Iml, 1z1) of the last current
dIVI der ( . 24, An integrated circuit as claimed in.Caim

n Integrated ci roul
oL ural 1 1y ol SRt itk 3H dh@Eenedl GELE e s pluriiy G cuBpt Bvidedt s ar e

simlarly coupled in series between the first termnal (110, InO of

A current divider for linearly dividing a first signal current (1i10) into a

- second and a third signal current (Iol1, Io12) comprises a first terminal (I110) for the
passage of the first signal current (Ii10), a second terminal (O11) for the passage of the
second sxgnal current (Iol1) and for receiving a first potential, a third terminal (012)
for the passage of the third sxgnal current (Iol2) and for receiving a second potential, a
first MOS transistor (M1) having a control electrode and a main current path, and 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 terminal (Rlb) for receiving a first reference vbltage (Rv10) to realise a
conductive state of the first and the second MOS transistor (M1, M2) during a first
active state of the current divider, the main current path of the first MOS transistor
(M1) being coupled between the first terminal (110) 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 (O12). The current divider effect a current
division such that the dimensions of the MOS transistors used dictate the proportion of
the respective signals currents realised by the current divider.

(Figure 1)
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the first current divider (CD1, CDn) and the fourth termnal (Iml, 1z1) of
the last current divider (CDs, CDz). 25. An integrated circuit as
¢lained in Caim?2l, 22, 23 or 24, characterised in that the integrated
circuit further conprises a control circuit (CC), respective first
reference termnals (RL1O, RnD, RnO, RzO) of the respective current dividers
(CD1L, CDm CDn, CDz) being coupled to thf control circuit (CC. 26.

An integrated circuit conprising a plurakity of current dividers as clained
in Caim8 or 9, characterised in that the integrated circuit further
conprises an input termnal (I1) for regej Qﬂg an input current (li), and a
first output termnal (A) for supplyi a tirst output current (lo), the
input terminal (Il1) of the integrated c{rcuit being coupled to a first
termnal (110) of the first current divld 81 CDl), athird termnal (0O12)
of the first current divider (CDl) bein® coupled to a first termnal (IsO)
of the last current divider (CDs), a second term nal of the |ast
current divider (CDs) being coupled the first output termnal (O) of
the integrated circuit. 27. An integrated circuit as clainmed in
Cl ai m 26, characterised iRwl@hat the i gr dad circuit further conprises a

second output termnal (0Q1) for|suppyying sec nﬁ out put current,
respecti ve second term nal ' g1, stpective current
-dividers (CD1, CDj, CDs) i ng coupled o the second output term nal (001)
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of the integrated circuit. 28. An integrated circuit as clained
in Oaim27, characterised in that the integrated circuit further conprises
a third output termnal (002) for supplying a third output current,
respective fourth termnals (111, 1j1, 1sl) of the respective current
dividers (CD1, CDj, CDs) being coupled to the third output termnal (002)

of the integrated circuit. 29. . An integrated circuit as clained
in Claim26, 27 or 28, characterised inthat the integrated circuit .further
conprises a further current divider (COj), the thjrd term nal (012) of the
first current divider (CDl1) being coupled to a ijmﬂerm nal (1j0)
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of the further current divider (CO), and a third termnal (g 2) of the
further current divider (CD) being coupled to the first termnal (1sO of.
the last current divider (CDs). 30. An integrated circuit as
claimed in Caim?29, characterised in that the integrated circuit further
conprises a plurality of further current dividers, which further current
dividers are simlarly coupled in seriesdbetween the third term nal (012)
of the first current divider (CDl) and the first termnal (1s0Q) of the |ast
current divider (CDs). 31. An integrated circuit ras clainmed in
Claim26, 27, 28 or 29, characterised in that the integgated circuit
further conprises a control circuit (CC, respective fi iHd second
reference termnals (Rl1, R12, R 1, R 2, Rsl, Rs2) of the respective
current dividers (CDl1, CDj, CDs) being coupled to the cpntrol circuit (CC).
32. An integrated circuit as claimed in any ofie\gfifhe Cainms 10

to 31, characterised in that the integrated circuit {pher conprises a
further input term nal
out put term nalpd@®v) for supplying an output voltage

tage, a further
converter, and curremt-to-voltage converter, the vdltg

vol t age-t o-current
current

converter being Jgoupl ed between the further input t of the
integrated circdft an i | &) - eddgcircuit,
and the current-to- vol bei ng cou rst
output term naIRmIO) of ed circu P T urther ﬁﬁt put
termnal (OV) of the ir T P '

011 011

-lo11 : lo11
, RVIO | l |
| Y il
ic M1s0 —u:'—‘? | 4—— M _h-?
' n R10 I [ 110

ety W ey
.Rw ___H: | E 112

Eo 12
REPLACEMENT SHEET g0z A o12

07 MAY 1997 FlG,S

banmemsnormemimanay =y o a2




33.° An integrated circuit as clained in Caim32, characterised
inthat the integrated circuit further conprises a reference termnal (RR1)
for receiving a reference voltage and a further reference term nal (RR2)
for receiving a further reference voltage, and the voltage-to-current
converter conprises a resistive elenent (Rvi), at |east one MOS transistor
(Mril, Mi2) having a control el ectrode anq¥a mai n current path, and an
operational anplifier (Avi) having an inverting input, having a
non-inverting input, and having an output, the inverting input being
coupled to the further input termnal (VI) of the infegrated circuit by
means of the resistive it (FN|)hTthH1non i nvert¥ny-gpput bei ng coupl ed
to the first reference ernlnal e out put befng coupled to the
inverting inputRyy nea thé" nt mt,h of gz t | east one MOS
M/i

transi stor (Mi i (r1ix e first current
trode of t
second referenc

di vider (CD1), | east one MOS transistor
(Mvil, MWi2) bekng term nal (RR2) of the
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