
1           EP  0155039  B1                      2 Description
second resistor and the base-emitter junction of a third transistor whose
collector is coupled to the The invention  relates to a current-source
input of the first current-mirror circuit and a arrangement comprising a
first current-mirror        second current-mirror circuit having a second
circuit having a first current multiplication factor    5    current
multiplication factor and an input which is and comprising a first
transistor which has a        coupled to the collector of the second
transistor collector coupled to an input of the first current-  and an
output which is coupled to the base of the mirror circuit and which has a
low impedance         third transistor and that the resistance value of
connection between the collector and the base,       the first resistor is
substantially equal to the and comprising a second transistor having a
10   quotient of the resistance value of the second base-emitted junction
arranged in parallel with      resistor and the product of the base-emitter
volt- the base-emitter junction of the first transistor    age of the third
transistor and the current multipli- -and comprising a first resistor
arranged in parallel  cation factors of the first and second current with:
the base-emitter junction  of the first        mirror circuits. transistor.
15     This current-source arrangement contains just Such a current-source
arrangement may be           one base-emitter junction voltage in series
with a used for general purposes in integrated circuits     reference
current determining resistor. So the :and in particular integrated
amplifier circuits.     minimum  operating  supply voltage is sub- Such' a
current-source arrangement is known        stantially one base-emitter
junction voltage. from   Figure 2 of US-A-4,443,753  (corre-   20
The invention will now be described in more ponding e.g. to EP-A-O 088 767,
published on        detail, by way of example, with reference to the -21
.09.1983). In this circuit the collector of the first  drawing, in which
transistor is coupled at the one hand to its base      Figure  1 shows a
known  current-source via the' base-emitter junction of a further tran-
arrangement, sistor and atthe other hand to the positive supply   26
Figure 2 shows a current source arrangement terminal via a further
resistor. The reference       according to the invention, and current
flowing into the input of the first current-      Figure 3 shows a
current-voltage characteristic mirror circuit and which is reproduced at
its       of the arrangement shown in Figure 2. output is determined by the
quotient of the            Figure 1 shows a known current source difference
of the supply voltage and the base-   30   arrangement. The arrangement
comprises the emittervoltagesofthefirstand furthertransistors      series
arrangement of a resistor [err], the base- - and the resistance of. the
further resistor. To     emitter junction of a transistor [err] and the
base- compensate the non-linear component in the           emitter junction
of a transistor [err] between the output current of the first
current-mirror circuit   positive power-supply terminal 2 and the nega-
caused by the dependency of the base-emitter   35   tive power-supply
terminal 3, in the present case :voltage of the first and further
transistors the    earth, the base and the emitter of transistor T3
collector current of the further transistor is added  being connected to
the collector and the base, to the output current of the first
current-mirror    respectively, of transistor T1. A resistor [err] circuit.
This collector current is determined by the  and the base emitter junction
of a transistor T2 are first resistor and by properly selecting  its   40
arranged in parallel with the base-emitterjunction resistance value this
current fully compensates      of transistor [err]. In the present example
the emit- the non-linear component in the output current of    ter area of
transistor [err] is equal to that of - the first current-mirror circuit.
transistor T1. The collector of transistor [err] is Such a current-source
is suitable for battery-     connected to the collector of transistor T2.
Fur- powered amplifier circuits which require current-   45   ther, the
collector of transistor [err] is connected to source arrangements which
operate at very low        the input 4 of a multiple current mirror which
is supply voltages. Generally, it is also required that  shown in
simplified form. The current mirror these amplifier circuits can operate at
higher       comprises a PNP-transistor T4 connected as a supply voltages
of, for example, 6 to 9 V. In view   diode, a resistor [err]4 being
included in its emitter of the higher powers to be delivered at higher   so
circuit. The base of transistor [err] is connected to supply voltages the
current-source arrangements      the bases of a plurality of transistors
[err] and must then be capable of supplying larger output      [err],
resistors [err] and [err] being arranged in currents. However, the known
current-source          the respective emitter circuits. The supply-voltage
arrangement cannot operate at supply voltages        dependent current can
betaken from the collector lower than  two base-emitter junction voltages.
55   terminals 5A, 5B and 5C. It is to be noted that the Therefore, it is
the object of the invention to    resistors [err] and [err] are not
essential and provide a current-source arrangement which is       merely
serve to improve the equality of the output suitable for very low supply
voltages and which      currents. The circuit arrangement operates as
supplies an output current which increases as a      follows. If the supply
voltage is Vs the current linear function of the supply voltage. According
to   60   flowing in the resistor [err] is equal to [err] the invention a
current-source arrangement of the    By means of the current mirror
comprising the type specified in the opening paragraph is charac-
transistors [err] and [err], of which transistors [err] terized in that the
current-source arrangement       and T2 have equal emitter areas, this
current is 



further comprises between a first and second         reproduced in the
collector circuit of transistor T2. power supply terminal a series
arrangement of a    65   The base-emitter voltage of transistor [err]
appears 2    3                EP 0155039 B1                          4
across the resistor [err], so that a current [err]       connection of
transistor [err] Since transistor [err] flows through this resistor. This
current is sup-       must also supply the current which is to be plied by
transistor [err]. When the base currents of       supplied to the resistor
[err] via the current mirrors transistors [err] and [err] are ignored, the
current          [err] and [err] a total current equal to [err]/R which
flows in the collector circuit of transistor T3    5    will flow in the
collector of transistor [err] when the is also [err] This current is added
to the           base currents of transistors [err] and T12 are collector
current of transistor T2, so that the         ignored. This total current
increases directly pro- common collector current of transistors [err] and
[err]       portionally to the supply voltage. The arrange- is equal to
[err]/R. This current, which increases as a    ment is suitable for use at
very low  supply linear function of the supply voltage, is applied to    10
voltages because the circuit arrangement can the input 4 of the
current-mirror circuit, so that      operate for supply voltages higher
than one base currents which increase as linear functions of the
emitter voltage plus the saturation voltage of a supply voltage are
available on outputs 5A, 5B          transistor (=0.7 V). Figure 3 shows
the current- and 5C, the absolute values of the currents being
voltage characteristic of the arrangement. The dependent on the ratio
between the respective   .15    voltage-dependent current [err]/R can be
taken from resistor [err] and [err] and the resistor [err] The      the
collector terminals 15A and 15B of the tran- minimum  supply  voltage
required  for the             sistors [err] and [err] In the present
example arrangement is equal to two base-emitter volt-          transistors
[err], and [err], as well as transistors T13 ages (=1.4 V). This is the
voltage above which a        and [err] have equal emitter areas, so that
the current will flows in the resistor [err]. In the example    20
collector current of transistor [err] is equal to the described the emitter
area of transistor T2 is equal    current through resistor [err]. However,
transistors to that of transistor [err], so that the collector
[err] and [err], as well as transistors [err] and [err] may current of
transistor T2 is substantially equal to      have different emitter areas.
The collector current the collector current of transistor [err].
of transistor [err] is then equal to the product of the A current-source
arrangement according to the    25    overall gain factor of the current
mirrors [err] invention will be described with reference to           and
[err] and the current through resistor [err]. Figure 2. Between the
positive power-supply ter-        The resistance value of resistor [err]
must then be minal 10 and the negative power-supply terminal
reduced by this factor. NPN transistors may be 11, in the present case
earth, the current-source       replaced by PNP transistors and the other
way arrangement comprises the series arrangement    30    round. Moreover,
resistors of equal value may be of the base-emitter junction of a
transistor [err] and    arranged in the emitter circuits of transistors
[err] a resistor [err]=R. The collector of transistor T10 is    and [err]
and any other known current mirror connected to the input of a first
current-mirror        arrangement may be used for the current mirror
circuit comprising a transistor [err] connected as a    . circuit [err]
diode and a transistor [err] whose base-emitter    35     The invention is
not limited to the aforemen- junction is arranged in parallel with that of
tran-     tioned embodiment. Within the scope of the sistor [err]. In the
present example the emitter area     present invention other current-source
arrange- of transistor [err] is equal to that of transistor T12. A   ments
based on. the same principal can be resistor R11=R is connected between the
base and        designed by those skilled in the art. the emitter of
transistor [err] The collector of    40 transistor [err] is connected to
the input of a second    Claim current-mirror circuit comprising a
transistor T13 connected as a diode and a transistor [err] whose
A current-source arrangement comprising a base-emitter junction is
connected in parallel with     first current-mirror circuit ([err]), having
a first that of transistor [err]q and whose collector is   45    current
multiplication factor and comprising a connected to the base of transistor
[err]. Tran-          first transistor [err], which has a collector coupled
sistors T13 and T14 have equal emitter areas. A         to an input of the
first current-mirror circuit and current which increases as a linear
function of the     which has a low impedance connection between supply
voltage is available on the collector ter-       the collector and the
base, and comprising a minals 15A and 15B of transistors [err]and [err],
50    second transistor [err] having a base-emitter junc- whose bases are
connected to that of transistor         tion arranged in parallel with the
base-emitter [err]. The arrangement then operates as follows.
junction of the first transistor (T11) and comprising When a supply voltage
Vs is applied across the          a first resistor [err] arranged in
parallel with the circuit arrangement a current will flow through
base-emitter junction of the first transistor [err] the series arrangement
of the base-emitter junc-    55   characterized in that the current-source
arrange- tion of transistor [err] and resistor [err] which          ment
further comprises between a first (10) and current is equal to (V.-VBE)IR.
This current is         second (11) power supply terminal a series 



amplified after which it flows in the collector         arrangement of a
second resistor [err] and the circuit of transistor [err] and is applied to
the         base-emitter junction of a third transistor [err] resistor
[err] via the first current-mirror circuit T11,   60    whose collector is
coupled to the input of the first T12 and via the second current-mirror
circuit [err]      current-mirror circuit [err] and a second T14. The
base-emitter voltage of transistor [err]         current-mirror circuit
[err] having a second appears across resistor [err], so that a current
VBE/R    current multiplication factor and an input which is flows through
this resistor. This current is sup-       coupled to the collector of the
second transistor plied by transistor T10 via the collector-base inter-
65   [err] and an output which is coupled to the base of    3
EP 0155039 B1                          4 across the resistor R2, so that a
current [err]          connection of transistor T11. Since transistor [err]
flows through this resistor. This current is sup-       must also supply
the current which is to be plied by transistor [err]. When the base
currents of       supplied to the resistor [err] via the current mirrors
transistors [err] and [err] are ignored, the current          [err] and
[err] a total current equal to [err] which flows in the collector circuit
of transistor [err]    5    will flow in the collector of transistor [err]
when the is also[err]. This current is added to the            base
currents of transistors [err] and [err] are collector current of transistor
T2, so that the         ignored. This total current increases directly pro-
common collector current of transistors T2 and [err]       portionally to
the supply voltage. The arrange- is equal to Vs/R. This current, which
increases as a    ment is suitable for use at very low  supply linear
function of the supply voltage, is applied to    10   voltages because the
circuit arrangement can the input 4 of the current-mirror circuit, so that
operate for supply voltages higher than one base currents which increase as
linear functions of the      emitter voltage plus the saturation voltage of
a supply voltage are available on outputs 5A, 5B          transistor ([err]
0.7 V). Figure 3 shows the current- and 5C, the absolute values of the
currents being       voltage characteristic of the arrangement. The
dependent on the ratio between the respective   .15    voltage-dependent
current [err]/R can be taken from resistor [err]and [err] and the resistor
R4. The      the collector terminals 15A and 15B of the tran- minimum
supply  voltage  required  for the            sistors [err] and [err]. In
the present example arrangement is equal to two base-emitter volt-
transistors [err], and [err], as well as transistors [err] ages ([err]1.4
V). This is the voltage above which a       and [err], have equal emitter
areas, so that the current will flows in the resistor [err]. In the example
20    collector current of transistor [err] is equal to the described the
emitter area of transistor T2 is equal    current through resistor [err].
However, transistors to that of transistor [err], so that the. collector
[err] and [err], as well as transistors [err] and [err], may current of
transistor T2 is substantially equal to      have different emitter areas.
The collector current the collector current of transistor T
of transistor [err] is then equal to the product of the A current-source
arrangement according to the    25    overall gain factor of the current
mirrors [err] invention will be described with reference to           and
[err] and the current through resistor [err] Figure 2. Between the positive
power-supply ter-        The resistance value of resistor [err] must then
be minal 10 and the negative power-supply terminal         reduced by this
factor. NPN transistors may be 11, in the present case earth, the
current-source       replaced by PNP transistors and the other way
arrangement comprises the series arrangement    30    round. Moreover,
resistors of equal value may be of the base-emitter junction of a
transistor [err] and    arranged in the emitter circuits of transistors T11
a resistor [err]=R. The collector of transistor [err] is    and [err] and
any other known current  mirror connected to the input of a first
current-mirror        arrangement may be used for the current. mirror
circuit comprising a transistor [err] connected as a      circuit [err]
diode and a transistor [err] whose base-emitter    35      The invention is
not limited to the aforemen- junction isarranged in parallel with that of
tran-     tioned embodiment. Within the scope of the sistor [err]. In the
present example the emitter area     present invention other current-source
arrange- oftransistor [err] isequalto thatoftransistor T12.A       ments
based on the same principal can be resistor [err] is connected between the
base and       designed by those skilled in the art. the emitter of
transistor T11. The collector of    40 transistor T  is connected to the
input of a second     Claim current-mirror circuit comprising a transistor
[err] connected as a diode and a transistor T14 whose           A
current-source arrangement comprising a base-emitter junction is connected
in parallel with     first current-mirror circuit ([err]), having a first
that of transistor [err] and whose collector is   45    current
multiplication factor and comprising a connected to the base of transistor
T10. Tran-          first transistor [err], which has a collector coupled
sistors [err] and [err] have equal emitter areas. A         to an input of
the first current-mirror circuit and current which increases as a linear
function of the     which has a low impedance connection between supply
voltage is available on the collector ter-       the collector and the
base, and comprising a minals 15A and 15B of transistors [err] and [err],
so    second transistor (T12) having a base-emitter junc- whose bases are
connected to that of transistor         tion arranged in parallel with the
base-emitter T10. The arrangement then operates as follows.
junction ofthe first transistor [err] and comprising 



When a supply voltage Vs is applied across the          a first resistor
(R11) arranged in parallel with the circuit arrangement a current will flow
through         base-emitter junction of the first transistor [err] the
series arrangement of the base-emitter junc-    55    characterized in that
the current-source arrange- tion of transistor [err] and resistor  [err],
which         ment further comprises between a first (10) and current is
equal to [err]/R. This current is         second (11) power supply terminal
a series amplified after which it flows in the collector
arrangement of a second resistor [err]and the circuit of transistor T10 and
is applied to the         base-emitter junction of a third transistor [err]
resistor [err] via the first current-mirror circuit [err],   so    whose
collector is coupled to the input of the first T12 and via the second
current-mirror circuit [err],      current-mirror circuit [err] and a
second T14. The base-emitter voltage of transistor T11
current-mirror circuit [err] having a second appears across resistor [err],
so that a current [err]    current multiplication factor and an input which
is flows through this resistor. This current is sup-       coupled to the
collector of the second transistor plied by transistor [err] via the
collector-base inter-   65   [err] and an output which is coupled to the
base of 3    5               EP 0155039 B1                       6 the
third transistor [err], and that the resistance  Emitterspannung des
dritten Transistors [err] und value of the first resistor [err] is
substantially    der Stromvervielfachungsfaktoren der arstnund equal to the
quotient of the resistance value of the  zweiten Stromspiegelschaltungen
ist. second resistor [err] and the product of the base- emitter voltage of
the third transistor (TO) and the    5    Revendication current
multiplication factors of the first and second current mirror circuits.
Circuit source de courant comportant un pre mier circuit miroir de courant
CTli T12) pr6sentant. Patentanspruch
un premier facteur de multiplication de courant et -- 0    muni d'un
premier transistor (T1,), dont un collec- Stromquellenkreis, der eine erste
,Stromspie-      teur est coupl6 a une entr6e du premier circuit
gelschaltung (T,,,T12) mit einem ersten Stromver-    miroir de courant et
qui pr6sente une connexion vielfachungifaktor enthalt, deren erster Transi-
d'impedance faible entre le collecteur et la base: stor CT11) mit einem
Kollektor an einen Eingang      at muni d'un deuxibme transistor (T12)
presentant derersten. Strorrspiegelschaltung angaschlossan    Y5 s.. une
jonction de base-kmetteur mont6e en paral- ist - und  a. eine
Niederimpedanzverbindung          IlWe avec la jonction de base-emetteur du
premier zw iihen dam Kollektor und der Basis enthailt,
transistor(T,)atcomportantunepremiereresis- un~d'^-Iren zweiter Transistor
CT,2) anen Basis-     tance (R1) mont6e an parallele avec la jonction de
Emitter-Ubergang  parallel zur Bass-Emitter-         base-6metteur du
premier transistor  CT11), Obergang des ersten Transistors IT11) und eaen
20   caract6ris6 en ce qu'entra une premibre (10) et ersten Widerstand
(R11) in Parallelschaltung zur     une deuxibme (11) borne d'alimentation,
le circuit Basiis-Emitter-Obergang des ersten Transistors       source de
courant comporte en outre le montage          1 A'l T enthilt, dadurch
gekennzeichnet, dalS der      en serie d'une deuxibme resistance (RIO) et
de la Steomquallenkreis zwischen einem  ersten (10)        jonction de
base-emetteur d'un troisibme transis- un'd - inern zweiten (li)
Stromversorgungsan-   25   tdr CT1o), dont le collecteur est coupl6 a
l'entree du :s'c~hluB -iuSerdem  aiane Refihenschaltung  aus     premier
circuit miroir de courant (Tn,, T12) at un inerm iktan Widerstand (R10) und
dem Basis-          deuxibme circuit miroir de courant (Ti3, Ti) pr6-
E^mibr-ugang eines dritten Transistors CT10)        senant un deuxieme
facteur de multiplication de deJ n Kollektor mit dem  Elngang der ersten
courant et une entr6e qui est couplee au collec- Stmsplagalschaltung (T,1,
T12) verbunden ist,   30   teur du deuxibme transistor (T12) et une sortie
qui u'n~d elneizweite Stromspiegelschaltung (Th. T14)   est couplea la base
du troisieme transistor RTI)O *  mit. nern'm eiten
Stromvervielfachungsfaktor      et que la valeur ohmique de la pre :ibre
r6sis- enthit, deren Eingang'mit dam  Kollektor des         tance (RI,) est
pratiquement 6gale au quotient de zwNeiten Transistors 4Ti) und deren
Ausgang mit      la valeur ohmique de l a deuxieme resistance (R0) - der
Bsis .des drtten Transistors TIO) verbunden    35   et re produit de la
tension de base-emetteur du Istdun dda1 der Widerstandswert des ersten
troisiime transistor (T10) et des facteurs de multi- Widerstands (Rt) 'im
wesentlichen gleich dam         plication de courant des premier et
deuxibme QIotienten des Widerstandswerts des zweiten          circuits
miroir de courant. Wide rstands (R o) und des Produkts der Basis- 40 65 4


