
EP 0155 720 B1 Description The invention relates to a cascode
current-source arrangement comprising a first and a second transistor whose
collector-emitter paths are arranged in series between a first terminal and
a common 5 second terminal, and a third transistorconnected as a- diode;
whose base -is connected to the base of the- second transistor and whose
emitter is connected to the common second terminal. Such cascode
current-source arrangements are generally applicable in integrated circuits
and are in particular suitable for use in amplifier circuits as described
in European Patent Application 85200243.5 filed, simultaneously with the.
present Application. :  10   Such a current-source arrangement is known
from Figure 2 of United States Patent Specification 4,345,217. The
collector current of the second transistor is defined by connecting a
diode-connected transistor in parallel with the base-emitter junction of
this second transistor. The collector current of the second transistor then
also flows through the collector-emitter path of the first transistor,
whose base is at a reference voltage.  As a result of this reference
-voltage -the-collector-emitter voltage of the second 15 transistor is then
also constant. From United States Patent Specification 3,936,725 it is
known that this can be reference voltage can be generated by arranging a
second diode-connected transistor in series with the first diode-connected
transistor, the base of said second diode-connected transistor being
connected to the base of the first transistor  The collector-emitter
voltage- of the  second transistor is then equal'to one base-emitter
voltage. A disadvantage of this arrangement is that, if the collector of
the second transistor is 20 used as a signal input, the lowest voltage
attainable on the collector of the first transistor is equal to the sum of
the base-emitter voltage, which appears across the collector-emitter path
of the second transistor, and the saturation voltage of the first
transistor. However, in order to obtain a maximum voltage swing the
collector voltage of the second transistor must be as low as possible. This
is of particular importance if the current-source arrangement is used with
low supply voltages. Another disadvantage of this arrangement is 25 that
owing to the difference in the collector-emitter voltages of the
diode-connected transistor and the second transistor the current flowing
through the second transistor is not exactly equal to the current through
the diode. Therefore, it is the object of the invention to provide a
cascode current-source arrangement which does not have the said
disadvantages. According to the invention, as claimed, a cascode
current-source arrangement of a type as specified in the opening paragraph
is characterized in that 30 it furthercomprises a first input current path
which comprises, between a third terminal and the common second terminal,
the series arrangement of a fourth transistor connected as a diode, a diode
and the collector-emitter path of a fifth transistor, and a second current
path which comprises, between the base of - - the fourth transistor, and
the common second terminal, the series arrangement of the base-emitter path
of a sixth transistor having a collector coupled to a supply voltage
terminal  a resistor and the base-emitter 35  path of the third transistor,
whose base is further connected to the base of the fifth transistor, and
the base of the first transistor is connected to that end of the resistor
which is remote from the third transistor. In this arrangement in
accordance with the invention the collector-emitter voltage of the second
transistor is substantially equal -to the voltage- across the resistor in
the second current path. The voltage across this resistor can be made
substantially- lower than one base-emitter voltage, so that the collector
of the first 40 transistor can be driven to a very low voltage. Moreover,
the voltage across this resistor is  equal to the collector-emitter voltage
of the fifth transistor, so that the collector-emitter voltage of the
second transistor is equal to the collector-emitter voltage of the fifth
transistor in the input current path, which transistors have also equal
base-emitter voltages. Therefore, the ratio between the currents through
the second and the fifth transistor is defined accurately by the ratio
between the emitter areas of these transistors. 45     The invention will
now be described in more detail, by  way of example, with reference to the
accompanying drawing, which shows a cascode current-source arrangement in
accordance with the invention. The arrangement comprses a transistor [err]
and a transistor [err] connected in cascode, the collector-emitter paths of
these transistors being connected in series between an output terminal 2
and the 5o negative power-supply terminal 3, in the present case earth. A
load may be connected to terminal 2. The arrangement further comprises a
current-mirror circuit which comprises an input current path which
comprises, between an input terminal 4 and the power-supply terminal 3, the
series arrangement of a diode-connected transistor T4, a diode-connected
transistor T5, and the collector-emitter path of a transistor To. A current
source [err] is connected to input terminal 4 and to the positive
power-supply terminal 5.The 55  current-mirror circuit further comprises a
second current path which comprises, between the positive power-supply
terminal 5 and the negative power-supply terminal 3, the series arrangement
of the collector-emitter path of a transistor [err], whose base is
connected to the base of the transistor T4, a resistor [err]=R, and a
diode-connected transistor [err], whose base is connected to the base of
transistor [err] and to the base of transistor [err]. 6o- :If the emitter
areas of the transistors [err] and [err] are, for example, twice as large
as the emitter area of 



the transistorT and transistor [err], a current which is substantially
equal to l/2 will flow in the second current path as a result of the
commoned bases of the transistors T4 and [err] and the commoned bases of
the transistors [err] and [err. Since transistors T4 and T7 have the same
base voltage the voltages between said commoned bases and the negative
power-supply terminal 3 in the input current path and the second 65 current
path are equal. Therefore, the following equation is valid for this
arrangement: 2    EP 0155720 B1 [err] where the [err] are the base-emitter
voltages of the relevant transistors, [err] is the- collector-emitter
voltage of transistor [err], and VR is the voltage across the resistor
[err]. Owing to the ratios between the 5 currents and between the emitter
areas of the transistors [err] and [err] and the transistors [err] and
[err], the base-emitter voltages of the transistors [err] and [err] are
equal, so that it follows from equation (1) that [err] 10 If the emitter
areas of the transistors [err] and [err] are, for example, twice as large
as those of the transistors T4, [err] and [err] the current flowing through
transistors [err] and [err] will be twice as large as the current in the
input current path. Moreover, the voltage between the base of transistor T4
and the negative power-supply terminal 3 satisfies the following equation:
[err] Owing to the ratios between the currents and between the emitter
areas of the transistors [err] and [err] it follows- from equation (2) that
, [err] Since the collector-emitter voltages are equal the ratio between
the currents in the transistors [err] and [err] depends only on the ratio
between the emitter areas, so that in the present example the current in
transistor T2 is exactly twice as large as the current in transistor [err].
Moreover, the voltage on the base of transistor [err] 25 is constant
because a constant current of about 1/2 flows through the series
arrangement of the resistor [err] and transistor [err]. The value of the
collector-emitter voltage of transistor T2 depends on the resistance value
of the resistor [err] in conformity with equations (2) and (4). For a given
value of the current this resistance value is selected in such a way that
the voltage across this resistor is substantially lower than one
base-emitter 30 voltage. In a practical example of an arrangement with a
supply voltage of 3V, and in which 11 =100 [err] and [err]=4 kohms, this
voltage and hence the collector-emitter voltage of transistor T2 for the
given ratio between the emitter areas is equal to 200 mV. This voltage is
such that transistor T2 is not saturated. For the lowest supply voltage of
1.6V at which the arrangement can operate the current 11 =53 pA when a
current source 11 is used whose current increases as a linear function of
the supply voltage. The voltage across the 35 resistor [err] =4 kohms and
consequently the collector-emitter voltage of the transistor T2 is then
equal to 106 mV, which is high enough to ensure that transistor T2 is not
saturated. A major advantage of this low collector-emitter voltage of
transistor T2 is that the collector voltage of transistor [err] is
comparatively low. If a signal current is applied to the collector of
transistor T2, the collector of transistor [err] can be driven to a lowest
voltage equal to the collector-emitter voltage of the transistor T2 plus
one saturation voltage. 40     Another advantage of the arrangement is that
a signal current may be applied to the collector of transistor T2 without
the collector-emitter voltage and consequently the collector current of the
transistor T2 varying significantly, because the collector-emitter voltage
of transistor T2 is equal to that of transistor Te. The entire signal
current appears on the collector of transistor [err] without the
collector-emitter voltage of transistor T2 causing the collector current of
the transistor T2 to vary as a result of the Early effect. 45     The
invention is not limited to the embodiment shown. For example, emitter-area
ratios other than those given may be used. Further, one or more transistors
may be arranged in parallel with the transistor T1. Moreover, PNP
transistors may be used instead of NPN transistors. so Claims 1. A cascode
current-source arrangement comprising a first ([err]) and a second ([err])
transistor whose collector-emitter paths are arranged in series between a
first terminal (2) and a common second terminal (3) and a third transistor
([err]) connected as a diode, whose base is connected to the base of the
second 55 transistor ([err]) and whose emitter is connected to the common
second terminal (3), characterized in that the arrangement further
comprises a first input current path which comprises, between a third
terminal (4) and the common second terminal (3), the series arrangement of
a fourth transistor ([err]) connected as a diode, a diode ([err]) and the
collector-emitter path of a fifth transistor ([err]), and a second current
path which comprises, between the base of the fourth transistor ([err]) and
the common second terminal (3), the series 60 arrangement of the
base-emitter path of a sixth transistor [err] having a collector coupled to
a supply 



voltage terminal (5), a resistor [err] and the base-emitter path of the
third transistor [err], whose base is further connected to the base of the
fifth transistor (T6), and the base of the first transistor [err] is
connected to that end of the resistor [err] which is remote from the third
transistor [err] such that the collector-emitter voltage of the fifth
transistor [err] is substantially equal to the collector-emitter voltage of
the second 65 transistor [err]    EP 0155 720 B1 [err] where the [err] are
the base-emitter voltages of the relevant transistors, [err] is the
collector-emitter voltage of transistor [err], and VR is the voltage across
the resistor [err]. Owing to the ratios between the 5 currents and between
the emitter areas of the transistors T4, Ts and To and the transistors
[err] and [err], the base-emitter voltages of the transistors [err] and
[err] are equal, so that it follows from equation (1) that [err] 10 If the
emitter areas of the transistors [err] and [err] are, for example, twice as
large as those of the transistors T4, [err] and [err], the current flowing
through transistors [err] and [err] will be twice as large as the current
in the input current path. Moreover, the voltage between the base of
transistor [err] and the negative power-supply terminal 3 satisfies the
following equation: [err] Owing to the ratios between the currents and
between the emitter areas of the transistors [err] and [err] it follows
from equation (2) that [err] Since the collector-emitter voltages are equal
the ratio between the currents in the transistors [err] and [err] depends
only on the ratio between the emitter areas, so that in the present example
the current in transistor T2 is exactly twice as large as the current in
transistor [err]. Moreover, the voltage on the base of transistor [err] 25
is constant because a constant current of about 1/2 flows through the
series arrangement of the resistor [err] and transistor [err]. The value of
the collector-emitter voltage of transistor T2 depends on the resistance
value of the resistor [err] in conformity with equations (2) and (4). For a
given value of the current this resistance value is selected in such a way
that the voltage across this resistor is substantially lower than one
base-emitter 30 voltage. In a practical example of an arrangement with a
supply voltage of 3V, and in which 11 = 100 [err] and [err]=4 kohms, this
voltage and hence the collector-emitter voltage of transistor T2 for the
given ratio between the emitter areas is equal to 200 mV. This voltage is
such that transistor T2 is not saturated. For the lowest supply voltage of
1.6V at which the arrangement can operate the current 11=53 [err] when a
current source 11 is used whose current increases as a linear function of
the supply voltage. The voltage across the 35 resistor [err] =4 kohms and
consequently the collector-emitter voltage of the transistor T2 is then
equal to 106 mV, which is high enough to ensure that transistor T2 is not
saturated. A major advantage of this low collector-emitter voltage of
transistor [err] is that the collector voltage of transistor [err] is
comparatively low. If a signal current is applied to the collector of
transistor T2, the collector of transistor [err] can be driven to a lowest
voltage equal to the collector-emitter voltage of the transistor [err] plus
one saturation voltage. 40     Another advantage of the arrangement is that
a signal current may be applied to the collector of transistorT2 without
the collector-emitter voltage and consequently the collector current of the
transistor [err] varying significantly, because the collector-emitter
voltage of transistor T2 is equal to that of transistor [err]. The entire
signal current appears on the collector of transistor [err] without the
collector-emitter voltage of transistor T2 causing the collector current of
the transistor T2 to vary as a result of the Early effect. 45     The
invention is not limited to the embodiment shown. For example, emitter-area
ratios other than those given may be used. Further, one or more transistors
may be arranged in parallel with the transistor [err]. Moreover, PNP
transistors may be used instead of NPN transistors. 50 Claims 1. A cascode
current-source arrangement comprising a first ([err]) and a second (T2)
transistor whose collector-emitter paths are arranged in series between a
first terminal (2) and a common second terminal (3) and a third transistor
([err]) connected as a diode, whose base is connected to the base of the
second 55 transistor [err] and whose emitter is connected to the common
second terminal (3), characterized in that the arrangement further
comprises a first input current path which comprises, between a third
terminal (4) and the common second terminal (3), the series arrangement of
a fourth transistor [err] connected as a diode, a diode (Ts) and the
collector-emitter path of a fifth transistor [err], and a second current
path which comprises, between the base of the fourth transistor [err] and
the common second terminal (3), the series 60 arrangement of the
base-emitter path of a sixth transistor [err] having a collector coupled to
a supply voltage terminal (5), a resistor [err] and the base-emitter path
of the third transistor [err], whose base is 



further connected to the base of the fifth transistor [err], and the base
of the first transistor [err] is connected to that end of the resistor
[err] which is remote from the third transistor (T,) such that the
collector-emitter voltage of the fifth transistor [err] is substantially
equal to the collector-emitter voltage of the second 65 transistor (T2).
EP 0155 720 B1 2. A cascode current-source arrangement asclaimed in Claim
1, characterized in that the diode (Ts) is a diode-connected transistor.
--.- 3. A cascode current-source arrangement as claimed in Claim 1 or 2,
characterized in that the resistance value of the resistor (R1) is selected
so that the voltage across this resistor is smallerthan the base-emitter -
- 5 voltage of...a transistor. Patentansprfche 1.
Kaskodenstromquellenanordnung mit einem ersten (TI) und einem zweiten
Transistor (T2), deren Kollektor-Emitterstrecken zwischen einer ersten
Klemme (2) und einer gemeinsamen zweiten Klemme (3) in Reihe geschaltet
sind, und mit einem dritten, als Diode verbundenen Transistor (T8), dessen
Basis mit ... -..der Basis des zweiten Transistors (T2) und dessen Emitter
mit der gemeinsamen zweiten Klemme (3) verbunden sind, dadurch
gekennzelchnet, dal3 die Anordnung aulerdem einen ersten Eingangsstromweg,
der zwischen diner dritten Klemme (4) und der gemeinsamen zweiten Klemme
(3) die Reihenschaltung 15 sines vierten, als Diode verbundenen Transistors
(T4), einer diode (T5C und der Kollektor-Emitterstrecke sines fOnften
Transistors (T6) enthilt, und einen zweiten Stromweg enthilt, der zwischen
der Basis des vierten Transistors. (T4) und der gemeinsamen zweiten Klemme
(3) die Reihenschaltung der Basis- Emitterstrecke eines sechsten
Transistors CT7) mit einem an die Speisespannungsklemme (5) gekoppelten
Kollektor, sines Widerstands (R1) und.der Basis-Emitterstrecke des dritten
Transistors (T8) enthalt, dessen 20 Basis nach der Basis des fOnften
Transistors{IT6) durchgeschaltet ist, und. die Basis des ersten Transistors
K..'     tT3) mit dem vom dritten Transistor (T8) abgewandeten Ende des
Widerstands (RI) derart verbunden ist, dag die Kollektor-Emitterspannung
des finften Transistors (T6) im wesentlichen gleich der Kollektor-
Emitterspannung des zweiten Transistors (T2) ist. 2.
Kaskodenstromquellenanordnung nach Anspruch 1, dadurch gekennzeichnet, daB
die Diode (T5) ein 25' als Diode-geschalteter Transistor ist. 3.
Kaskodenstromquellenanordnung nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dae der Widerstandswert des Widerstands (RI) so gowihit
wird, dal die Spannung an diesem Widerstand kleiner ist als die
Basis-Emitterspannung eines Transistors. 30 Revendications 1. Dispositif de
source de courant en cascade muni d'un premier transistor Cr1) et d'un
deuxieme transistor CT2), dont.les trajets collecteur-emetteur sont montes
en serie entre une premibre borne (2)et une deuxibme borne commune (3), et
d'un troisieme transistor (T8) mont6 en diode, dont la base est connect6e
35 A la base du deuxieme transistor (T2) et dont I'emetteur est connect6 A
la deuxieme borne commune (3), caract6ris6 en ce que Is montage est en
outre muni d'un premier trajet de courant d'entree comportant, entre une
troisibme borne (4) et la deuxieme borne commune (3), le montage en s6rie
d'un quatriame transistor (T4) mont6 en diode, d'une diode (T5) et du
trajet collecteur-6metteur d'un cinquibme transistor (T6), et d'un deuxieme
trajet de courant comportant, entre la base du quatrieme transistor (T4) et
la 40 deuxibme borne commune (3), le montage en serie du trajet
base-emetteur d'un sixieme transistor (T7) dont le collecteur est couple A
une borne de tension d'alimentation (5, d'une r6sistance (R1) et du trajet
base-6metteur du troisieme transistor (Ts), dont la base est en outre
connectee A la base du cinquieme K>       transistor (T6), et en ce que la
base du premier transistor (Tt) est connect6e a l'extremite de la
resistance (R1) 6loignee du troisieme transistor (Ts) de facon que la
tension de collecteur-6metteur du cinquieme 45 transistor CT6) soit
pratiquement 6gale a la tension de collecteur-emetteur du deuxieme
transistor (T2). 2. Dispositif de source de courant en cascade selon la
revendication 1, caracteris6 en ce que la diode (T5) est un transistor
monte en diode. 3. Dispositif de source de courant en cascade selon la
revendication 1 ou 2, caracterise en ce que la valsur ohmique de la
resistance (RI) est choisie de fagon que la tension aux extremites de cette
resistance 50 soit inf6rieure A la tension de base-emetteur d'un
transistor. 55 60 65    


