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cient of the reference voltage is determined by the neg- ative temperature
coefficient of the base-emitter voltage The invention relatesto a band-gap
reference circuit    and the positive temperature coefficient of the
compen- for generating a reference voltage with a specific tem-  sation
voltage, which temperature coefficients depend perature coefficient, the
circuit comprising a first semi-  5  upon parameters and the dimensioning
of the band-gap conductor element having at least one junction for gen-
reference circuit. erating a junction voltage with a negative temperature
A disadvantage of the known band-gap reference coefficient, which first
semiconductor element is coupled  circuit is the supply voltage which it
requires. For exam- between a first and a second supply voltage terminal, a
ple, if a reference voltage with a temperature coefficient current source
for generating a reference current with a  10 of substantially zerovolts
pertemperature unit is desired positive temperature coefficient, which
current source is    the sum of the base-emitter voltage and the compensa-
coupled between the second supply voltage terminaland  tion voltage is
dictated mainly by a band-gap voltage an output terminal, and a resistive
element for carrying  contained in the base-emitter voltage, which band-gap
at least a portion of the reference current, which resistive  voltage is a
physical constant and is 1.205 V in the case element is coupled between the
output terminal and the  15 of silicon. Consequently, in the
afore-mentionedcase the first supply voltage terminal a second
semiconductor el-    required supply voltage, i.e. at least one saturation
volt- ement having a main current path coupled between the  age as a result
of the second transistor plus the sum of first supply voltage terminal and
the output terminal, in    the compensation voltage and the base-emitter
voltage, series with the resistive element.                 is larger than
the voltage supplied by a standard button Such a band-gap reference circuit
can be used in  20 cell (1.2 V), which prohibits the use of the band-gap
ref- general for the generation of a reference voltage in inte-  erence
circuit in some circuit arrangements requiring a grated semiconductor
circuits, the reference voltage be-  comparatively low supply voltage, such
as for example ing available for example between the output terminal
hearing-aid circuits. and the first supply voltage terminal.
It is an object of the invention to provide a band-gap Such a band-gap
reference circuit is known from Fig. 25  reference circuit which in case of
comparatively low sup- 4.1 of the dissertation entitled "Integrated
Circuits and  ply voltages is inter alia capable of generating a refer-
Components for Band Gap References and Tempera-     ence voltage with a
temperature coefficient of substan- ture Transducers", written by G.C.M.
Meijer and pub-  tially zero volts per temperature unit. lished on 19 March
1982 at Delft (Netherlands). The    A band-gap reference circuit in
accordance with the known band-gap reference circuit comprises the first 30
invention is characterized in that the band-gap reference semiconductor
element constructed by means of a first  circuit furthercomprises avoltage
dividerhavingan input transistor, the resistive element constructed by
means of  coupled in parallel with the first semiconductor element a
resistor, and the current source constructed by means  and an output
coupled in parallel with the main current of a second transistor, the first
transistor being coupled  path of the second semiconductor element for
supplying as a diode, and the first transistor, the resistor and the  35 a
portion of the junction voltage of the firstsemiconductor second resistor
being coupled in series between the first  element across the main current
path of the second sem- and the second supply voltage terminal. In the
band-gap  iconductor element. reference circuit which is constructed and
coupled in this  In the band-gap reference circuit in accordance with way
the junction voltage generated across the junction  the invention the
reference voltage with the given tem- of the first semiconductor element
corresponds to a  40 perature coefficient is determined by the sum of the
com- base-emitter voltage generated by the first transistor,  pensation
voltage across the resistive element, which and the reference current
generated by the current  compensation voltage has a positive temperature
coef- source corresponds to a main current in the second tran-  ficient,
and only a specific portion, determined by the sistor, the base-emitter
voltage having the negative tem-  voltage divider, of the junction voltage
generated by the perature coefficient and the main current having the pos-
45 first semiconductor element, which portion has a nega- itive temperature
coefficient. Since the first transistor, the  tive temperature coefficient.
resistor and the second transistor are coupled in series  Consequently,
inter alia the reference voltage with at least a portion of the main
current with the positive  the temperature coefficient of zero volts per
temperature temperature coefficient in the second transistor flows  unit
can be generated already at comparatively low sup- both through the first
transistor and the resistor. In spite  50 ply voltages, for which supply
voltages the first semicon- of this, the base-emitter voltage of the first
transistor re-  ductor element, for the purpose of generating the junc-
tains a negative temperature coefficient, while the resis-  tion voltage,
can be coupled between the first and the tor receives a compensation
voltage with a positive tem-  second supply voltage terminal, for example
by means perature coefficient, the reference voltage generated by  of a
resistor coupled in series with the junction. the band-gap reference
circuit between the output termi- 55  A first embodiment of a band-gap
reference circuit nal and the first supply voltage terminal being equal to
in accordance with the invention may be characterized the sum of the
base-emitter voltage and the compensa-  in that the second semiconductor
element further has a tion voltage. As a result of this, the temperature
coeffi-  control electrode coupled to a point situated between the 2    
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element and the second supply volt-    in accordance with the invention may
be characterized age terminal. As a result of this, the second semiconduc-
in that the current source and the resistive element are tor element, which
may be for example a unipolar or a  coupled to the output terminal by means
of a buffer cir- bipolar transistor, receives a control voltage equal to
the  cuit. The addition of the buffer circuit reduces the influ- junction
voltage generated by the first semiconductor el-  5  ence of a load coupled
to the output terminal of the ement, which does not require an increase of
the supply  band-gap reference circuit. The present embodiment voltage.
may be characterized further in that the buffer circuit A second embodiment
of a band-gap reference cir-  comprises a differential pair having a first
input coupled cult in accordance with the invention may be character-    to
the current source and the resistive element, having ized in that the
voltage divider comprises a series ar-  10 a second input coupled to the
output terminal, having a rangement of at least two resistors, which series
ar-  common terminal coupled to the first supply voltage ter- rangement is
coupled in parallel with the junction, one of  minal by means of a tail
current source, having a first the two resistors being coupled in parallel
with the main  output coupled both to the second supply voltage termi-
current path of the second semiconductor element.  nal by means of a load
elementandtoa control electrode Since the two resistors are coupled in
parallel with the  15 of an outputtransistorwhich hasamain current path
cou- junction of the first semiconductor element the junction  pled between
the second supply voltage terminal and the voltage is converted into a
current flowing through the  output terminal, and having a second output
coupled to two resistors, which current generates across one of the  the
second supply voltageterminal. The band-gap refer- two resistors the
portion of the junction voltage, the por-  ence circuit of this
construction enables a comparatively tion being also generated across the
main current path  20 large current to be obtained without any undesirable
con- of the second semiconductor element, which main cur-  sequences as a
result of a load. rent path is coupled to one of the two resistors.
These and other (more detailed) aspects of the in- A third embodiment of a
band-gap reference circuit    vention will be described more
comprehensively with ref- in accordance with the invention may be
characterized  erence to the accompanying drawings, in which in that the
first semiconductor element comprises a uni- 25 directional element, which
element is coupled to the sec-  Fig. 1 shows a prior-art band-gap reference
circuit, ond supply voltageterminal by means of afurther current  Fig. 2
shows an embodiment of a band-gap refer- source. The further current source
supplies to the unidi-  ence circuit in accordance with the invention, and
rectional element a specific current, which generates  Fig. 3 shows a
further embodiment of a band-gap across said element the junction voltage,
only one satu- 30  reference circuit in accordance with the invention.
ration voltage being required across the further current source, which does
not require an increase of the supply  In these Figures like parts bear the
same reference voltage.                                           numerals.
A fourth embodiment of a band-gap reference circuit  Fig. 1 shows a
prior-art band-gap reference circuit, in accordance with the invention may
be characterized  35 which circuit corresponds to that shown in Fig. 4.1 of
the in that the first semiconductor element, the current  dissertation
cited hereinbefore. The circuit comprises a source and the further current
source form part of a PTAT  first semiconductor element, which is realised
by means current-source circuit. This embodiment leads to a very  of a
transistor T1 and which forms part of a PTAT cur- compact construction of
the band-gap reference circuit    rent-source circuit 10, a resistive
element in the form of in accordance with the invention, which embodiment
40 a resistor R1, and a current source constructed by may be characterized
further in that the PTAT current  means of a transistor T2 and forming part
of a cur- source circuit comprises a first, a second, a third and a
rent-mirror circuit 20. The PTAT current-source circuit 10 fourth
transistor, each having a base, a collector and an  comprises, in addition
to the transistor T1, a resistor R2 emitter, and a further resistor, the
emitter of the first tran-  and a transistor T3, while the current-source
circuit 20 sistor being coupled to the first supply voltage terminal 45
comprises a transistor T4 in addition to the transistor T2, by means of the
further resistor, the base of the first tran-  each of the transistors T1,
T2 T3 and T4 having a base, sistor being coupled to the point situated
between the  a collector and an emitter. The transistor T1 has is base
first semiconductor element and the second supply volt-  and its collector
coupled to each other, so that the tran- age terminal and to the base of
the second transistor,  sistor T1 forms a diode. Moreover, the base and the
col- whose emitter is coupled to the first supply voltage ter- 50 lector of
the transistor T1 are coupled to an output ter- minal, the collector of the
first transistor being coupled  minal 3 by means of the resistor R1, and to
the base of to a control electrode of the further current source and  the
transistor T3. The emitters of the transistors T1 and to the collector of
the third transistor, whose emitter like  T3 are coupled to a first supply
voltage terminal 1, the the emitter of the fourth transistor is coupled to
the sec-  resistor R2 being coupled between the emitter of the ond supply
voltage terminal and whose base is coupled  55 transistor T3 and the supply
voltage terminal 1 and the to the mutually coupled base and collector of
the fourth  emitter of the transistor T3 having an emitter area which
transistor and to the collector of the second transistor.  is n times as
large as that of the transistor T1. The base A fifth embodiment of a
band-gap reference circuit    of the transistor T2 is coupled both to the
base and the 3    
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thetransistorT4, sothatthetransistorT4also  which is equal to at least one
saturation voltage as a re- constitutes a diode. The emitters of the
transistors T2  sult of the transistor T2 plusthe sum of the compensation
and T4 are coupled to a second supply voltage terminal  voltage and the
base-emitter voltage, is larger than the 2, the emitter of the transistor
T2 having an emitter area  voltage supplied by a standard button cell (1.2
V), which which is p times as large as that of the transistor T4. The  5
prohibits the use of the band-gap reference circuit in collector of the
transistor T2 is coupled to the output ter-  some circuits requiring a
comparatively low supply volt- minal 3, and the collector of the transistor
T4 is coupled  age. For more detailed information reference is made to to
the collector of the transistor T3. In the band-gap ref-    the
dissertation and to the second edition of the hand- erence circuit which is
constructed and coupled in this  book by P. Gray and R. Meijer, entitled
Analysis and De- way a reference current generated by the current source
10 sign of Analog Integrated Circuits", which handbook corresponds to a
main current in the transistor T2, at  starting from page 289 describes
both a derivation and least a portion of the main current flowing both
through  a computation of the reference voltage with a tempera- the
resistor R1 and the transistor T1, and a junction volt-    ture coefficient
of zero volts per temperature unit. age generated across a junction of the
first semiconduc-  Fig. 2 shows an embodiment of a band-gap refer- tor
element corresponds to a base-emitter voltage gen-  15 once circuit in
accordance with the invention. The first erated across the base and the
emitter of the diode-con-  semiconductor element and the resistive element
are nected transistor T1 by the main current. Since the base  constructed
by means of the transistor T1 and the resis- ofthetransistorT1 is
coupledtothebaseofthetransistor  tor R1 in the same way as shown in Fig. 1,
although the T3 and the emitters of the transistors T1 and T3 are cou-
diode-connected transistor T1 is coupled between a ter- pled via the supply
voltage terminal 1 and the resistor 20 minal 4 and the supply voltage
terminal 1. The current R2 a voltage equal to the difference between the
source, which iscoupledbetweenthe-supplyvoltageter- base-emitter voltage of
the transistor T1 and the    minal 2 and the output terminal 3, is
constructed by base-emitter voltage of the transistor T3 is obtained  means
of a current source J1, which for the generation across the resistor R2,
which resistor R2, as is generally  of the reference current with the
positive temperature co- known, converts the resulting voltage intoa
PTATcurrent 25  efficient can be constructed in various known manners. with
a positive temperature coefficient. Since the PTAT  A second semiconductor
element is coupled in series current is taken from the diode-connected
transistor T4  with the resistor R1 between the output terminal 3 and via
the transistor T3, which transistor T4 together with  the supply voltage
terminal 1 and is constructed by the transistor T2 forms the current-mirror
circuit 20, the  means of a transistor T5 having its base coupled to the
main current in the transistor T2 also has a positive tem- 30 terminal 4
and having its main current path coupled be- perature coefficient. The
prior-at band-gap reference  tween the resistor 1 and the supply voltage
terminal 1. circuit generates a reference voltage with a specific term-  A
voltage divider is coupled in parallel with the transistor perature
coefficient on the basis of the main current with  T1 between the terminal
4 and the supply voltage termi- the positive temperature coefficient, which
main current  nal 1. The voltage divider comprises a resistor R3, which
produces a compensation voltage with a positive term- 35  is coupled
between the terminal 4 and a point situated perature coefficient across the
resistor R1, and on the  between the resistor R1 and the main current path
of the basis of the base-emitter voltage of the transistor T1,  transistor
T5, and a resistor R4, which is coupled be- which base-emitter voltage has
a negative temperature  tween said point and the supply voltage terminal 1.
In the coefficient. The generated reference voltage is available,  band-gap
reference circuit of this construction afirst cur- for example, between the
output terminal 3 and the sup- 40  rent source J2 supplies current to the
diode-connected ply voltage terminal 1, the reference voltage being equal
transistor T1, which results in a base-emitter voltage with to the sum  of
the compensation voltage and the      a negative temperature coefficient
across the transistor base-emitter voltage and the temperature coefficient
of  T1 which is coupled in parallel with the voltage divider. the reference
voltage being determined by the positive  With respect to the voltage
divider the resulting temperature coefficient of the compensation voltage
and  45  base-emitter voltage generates a current through both the negative
temperature coefficient of the base-emitter  the resistor R3 and the
resistor R4, a portion of the voltage. The two last-mentioned temperature
coeffi-  base-emittervoltagebeinggeneratedacrosstheresistor cients are
dependent upon parameters and the dimen-  R4which is coupled in parallel
with the main current path sioning of the band-gap reference circuit. A
drawback of  of a transistor T5, the transistor T5 being driven by the the
prior-art band-gap reference circuit is the supplyvolt- 50 base-emitter
voltage. This also results in the portion of age which it requires. In the
case of, for example, a ref-    the base-emitter voltage appearing across
the main cur- erence voltage with atemperature coefficientof substan-  rent
path of the transistor T5, which portion can be varied tially zero volts
per temperature unit the sum of the com-  depending on the voltage divider
and, in accordance with pensation voltage and the base-emitter voltage is
deter-  the invention, the reference voltage between the output mined
mainly by a band-gap voltage contained in the  55 terminal 3 and the supply
voltage terminal 1 is dictated base-emitter voltage, which band-gap voltage
is a phys-  by the sum of the compensation voltage as a result of ical
constant and is 1.205 V in the case of silicon. There-  the reference
current with the positive temperature co- fore, the required supply voltage
in the above case,  efficient through the resistor R1 and the portion of
the 4    
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across the main current path, the  collector of the transistor T13, whose
base and emitter temperature coefficient of the reference voltage being
are coupled to the terminal 4 and the supply voltage ter- dependent upon
the positive temperature coefficient of  minal 1 respectively. The
collector of the transistor T11 the compensation voltage and the negative
temperature  is coupled both to the collector of the transistor T14 and
coefficient of the measure. Since the compensation volt-  5  to the base of
the transistor T15, whose collector and age depends on the reference
current and the portion is  emitter are coupled to the supply voltage
terminal 2 and variable, the minimum supply voltage required in accord-
the output terminal 3 respectively. The collector of the ance with the
invention is determined by one saturation  transistor T2 is also coupled to
the supply voltage termi- voltage as a result of the current source J2 plus
the  nal 2. The band-gap reference circuit thus coupled con- base-emitter
voltage across the transistor T1, at which  10 stitutes only possibility of
implementing the current supply voltage it is possible inter alia to
realise the ref-  source for generating the reference current with the pos-
erence voltage with the temperature coefficient of zero  itive temperature
coefficient, the buffer circuit 31 reduc- volts per temperature unit.
ing the influence of a load coupled to the output terminal Fig. 3 shows a
further embodiment of a band-gap  3 upon the circuit. In the buffer circuit
31 the transistors reference circuit in accordance with the invention. The
15  T11 and T12 ensure that the reference voltage between further
embodiment differs from the embodiment shown  the output terminal 3 and the
supply voltage terminal 1 in Fig. 2 in that a PTAT current-source circuit
11, a cur-  is equal to the sum of the compensation voltage across
rent-mirror circuit 21 and a buffer circuit 31 have been  the resistor R1
and the portion of the base-emitter volt- added, and in thatthe further
current source is construct-  age across the main current path of the
transistor T5, the ed by means of a transistor T6 having its base coupled
20 transistor T15 supplying a current to the output terminal tothe current
mirrorcircuit 21 and having its main current  3. The transistors T13 and
T14 provide a desired current path coupled between the supply voltage
terminal 2 and  setting in the buffer circuit 31, the transistor T13 being
the terminal 4. The PTAT current source circuit compris-  scalable with
respect to the transistors T1, T5, T7, T8 es the first semiconductor
element formed by means of  and the transistor T14 being scalable with
respect to the the transistor T1, and a transistor T7, atransistorT8 and
25 transistors T2, T9 and T10. For the operation of the PTAT a resistor R5,
which transistors may have differently  current source circuit 11 and the
current mirror circuit 21 scaled emitter areas. The current mirror circuit
21 com-  reference is made to the description pertaining to Fig. 1, prises
the current source formed by means of the tran-  the transistors T7 and T10
and the resistor R5 corre- sistor T2, and a transistor T9 and a transistor
T10, which  sponding to the transistors T3 and T4 and the resistor
transistors may also have differently scaled emitter are- 30  R2, and the
transistors T8 and T9 providing a reduced as. The buffer circuit 31
comprises a differential pair    load of the transistors T7 and T10
relative to the transis- formed bymeansofatransistorT11 and atransistorT12,
tors T3 and T4. Moreover, the transistor T6 provides a a tail current
source comprising a transistor T13, a load  supply of base current to the
collector of the transistor element comprising a transistor T14, and an
output tran-  T7, which supply in the case of a suitable dimensioning
sistor T15. In the present embodiment each of these  35  is equal to the
supply of base currents to the collector of transistors has a base, a
collector and an emitter, the  the transistor T8 provided by the
transistors T2, T9, T10 base of the transistor T1 being coupled to the
bases of  and T14. An improved symmetry, and hence an im- the transistors
T7 and T8. The emitters of the transistors  proved performance, is also
achieved in that neither the T7 and T8 are each coupled to the supply
voltage termi-    transistor T7 nor the transistor T8 are diode-connected,
nal 1, the resistor R5 being coupled between the emitter 40 which
transistors constitute the heart of the PTAT current of the transistor T7
and the supply voltage terminal 1.  source circuit 11. The present
embodiment is a compact The base of thetransistorT2 is coupled both to the
bases  implementation of the band-gap reference circuit in ac- of the
transistors T9 and T10 and to the collector of the  cordance with the
invention, which implementation ow- transistor T10, so that the transistor
T10 forms a diode.  ing to the combination of the PTAT current source
circuit The emitters of the transistors T9 and T10 are each cou- 45  11 and
the current mirror circuit 21 is immune to supply pled to the supply
voltage terminal 2, the collector of the  voltage variations, and owing to
the presence of the buff- transistor T9 being coupled both to the base of
the tran-  ercircuit31 iscapableofsupplyingacomparativelylarge sistor T6
and to the collector of the transistor T7 and the  output current. In spite
of this, the present embodiment collector of the diode-connected transistor
T10 being  already operates at comparatively low supply voltages, coupled
to the collector of the transistor T8. Like the bas- 50 at which supply
voltages it is possible inter alia to obtain es and the emitters of the
transistors T9 and T10, the  the reference voltage with a temperature
coefficient of base and the emitter of the transistor T14 are also cou-
zero volts per temperature unit owing to the use of the pled to the base of
the transistor T2 and the supply volt-  voltage divider. age terminal 2
respectively. The base of the transistor  The invention is not limited to
the embodiments T11 is coupled both to the main current path of the tran-
55  shown herein. Within the scope of the invention many sistor T2 and to
the resistor R1, and the base of the tran-  modifications are conceivable
to those skilled in the art. sistorT12 iscoupledtotheoutputterminal 3, the
emitters  For example, in the case of a temperature-independent of the
transistors T11 and T12 are each coupled to the  supply voltage the
reference voltage can be taken off be-    9              EP 0 483 913 B1
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tween the output terminal and the second supply voltage  4. A band-gap
reference circuit as claimed in Claim 1, terminal. Moreover, it will be
appreciated that the current  2 or 3, characterized in that the first
semiconductor source, including both the PTAT current source circuit
element (T1) comprises a unidirectional element, and the current mirror
circuit, the semiconductor ele-  which element is coupled to the second
supply volt- ments, the voltage divider and the buffer circuit can be  5
age terminal (2) by meansof afurther current source realised in various
manners. Furthermore, with respect  (J2). to the transistors used in the
embodiments it is to be not- ed that both transistors of an opposite
conductivity type  5. A band-gap reference circuit as claimed in Claim 4,
and transistors of another type, for example unipolar    characterized in
thatthefirst semiconductor element transistors, can be used.
10    (T1), the current source (J1) and the further current source (J2)form
part of a PTAT current source circuit (11). Claims 6. A band-gap reference
circuit as claimed in Claim 5, 1. A band-gap reference circuit for
generating a refer-  15  characterized in that the PTAT current source
circuit ence voltage with a specific temperature coefficient,  (11)
comprises a first (T7), a second (T8), a third the circuit comprising a
first semiconductor element  (T9) and a fourth (T10) transistor, each
having a (T1) having at least one junction for generating a  base, a
collector and an emitter, and a further resis- junction voltage with a
negative temperature coeffi-  tor (R5), the emitter of the first transistor
(T7) being cient, which first semiconductor element (T1) is cou- 20
coupled to the first supply voltage terminal (1) by pled between afirst (1)
and a second (2) supply volt-  means of the further resistor (R5), the base
of the age terminal, a current source (J1) for generating a  first
transistor (T7) being coupled to the point (4) sit- reference current with
a positive temperature coef-  uated between the first semiconductor element
(T1) ficient, which currentsource (J1) iscoupled between  and the second
supply voltage terminal (2) and to the second supplyvoitage terminal (2)
and an output 25    the base of the secondtransistor (T8), whose emitter
terminal (3), anda resistive element (R1)forcarrying  is coupled tothe
first supply voltage terminal (1), the at least a portion of the reference
current, which  collector of the first transistor (T7) being coupled to
resistive element (R1) is coupled between theoutput  a control electrode of
the further current source (T6) terminal (3) and the first supply terminal
(1), a sec-  and to the collectorof the thirdtransistor (T9), whose ond
semiconductor element (T5) having a main cur- 30  emitter like the emitter
of the fourth transistor (T10) rent path coupled between the first supply
voltage  is coupled to the second supply voltage terminal (2) terminal (1)
and the output terminal (3), in series with  and whose base is coupled to
the mutually coupled the resistive element (R1), and characterized in that
base and collector of the fourth transistor (T10) and the band-gap
reference circuit further comprises a  to the collector of the second
transistor (T8). voltage divider (R3, R4) having an input coupled in  35
parallel with the first semiconductor element (T1)  7. A band-gap reference
circuit as claimed in any one and an output coupled in parallel with the
main cur-  of the preceding Claims, characterized in that the rent path of
the second semiconductor element (T5)  current source (T2) and the
resistive element (R1) for supplying a portion of the junction voltage of
the  are coupled to the output terminal (3) by means of first semiconductor
element (T1) across the main  40  a buffer circuit (31). current path of
the second semiconductor element (T5).
8. A band-gap reference circuit as claimed in Claim 7, characterized in
thatthe buffer circuit (31) comprises 2. A band-gap reference circuit as
claimed in Claim 1,  a differential pair (T11, T12) having a first input
cou- characterized in that the second semiconductor ele- 45  pled to the
current source (T2) and the resistive ele- ment (T5) further has a control
electrode coupled to  ment (R1), having a second input coupled tothe out- a
point (4) situated between the first semiconductor  put terminal (3),
having a common terminal coupled element (T1) andthe second supplyvoltage
terminal  to the first supply voltage terminal (1) by means of (2).
a tail current source (T13), having afirst output cou- 50     pled both to
the second supply voltage terminal (2) 3. A band-gap reference circuit as
claimed in Claim 1   by means of a load element (T14) and to a control or
2, characterized in that the voltage divider com-  electrode of an output
transistor (T15) which has a prises a series arrangement of at least two
resistors,  main current path coupled between the second sup- [err] wich
series arrangement is coupled in par-  ply voltage terminal (2) and the
output terminal (3), allel with the junction [err], one of the two
resistors  55  and having a second output coupled to the second (R4) being
coupled in parallel with the main current  supply voltage terminal (2).
path of the second semiconductor element [err]. 6    9                  EP
0 483 913 B1                        10 tween the output terminal and the
second supply voltage  4. A band-gap reference circuit as claimed in Claim
1, 



terminal. Moreover, it will be appreciated that the current  2 or 3,
characterized in that the first semiconductor source, including both the
PTAT current source circuit    element (T1) comprises a unidirectional
element, and the current mirror circuit, the semiconductor ele-    which
element is coupled to the second supply volt- ments, the voltage divider
and the buffer circuit can be  5  age terminal (2) by means of a further
current source realised in various manners. Furthermore, with respect
(J2). to the transistors used in the embodiments it is to be not- ed that
both transistors of an opposite conductivity type  5. A band-gap reference
circuit as claimed in Claim 4, and transistors of another type, for example
unipolar     characterized in thatthefirst semiconductor element
transistors, can be used                          10      (T1), the current
source (J1) and the further current source (J2) form part of a PTAT current
source circuit (11). Claims 6. A band-gap reference circuit as claimed in
Claim 5, 1. A band-gap reference circuit for generating a refer-  15
characterized in that the PTAT current source circuit ence voltage with a
specific temperature coefficient,  (11) comprises a first (T7), a second
(T8), a third the circuit comprising a first semiconductor element  (T9)
and a fourth (T10) transistor, each having a (T1) having at least one
junction for generating a    base, a collector and an emitter, and a
further resis- junction voltage with a negative temperature coeffi-  tor
(R5), the emitter of the first transistor (T7) being cient, which first
semiconductor element (T1) is cou-  20  coupled to the first supply voltage
terminal (1) by pled between a first (1) andasecond (2) supplyvolt-   means
of the further resistor (R5), the base of the age terminal, a current
source (J1) for generating a  first transistor (T7) being coupled to the
point (4) sit- reference current with a positive temperature coef-   uated
between the first semiconductor element (T1) ficient, which current source
(J1) is coupled between  and the second supply voltage terminal (2) and to
the second supply voltage terminal (2) and an output 25  the base of the
secondtransistor (T8), whose emitter terminal (3), and a resistive element
(R1) for carrying  is coupled to the first supply voltage terminal (1), the
at least a portion of the reference current, which    collector of the
first transistor (T7) being coupled to resistive element (R1) is coupled
between the output  a control electrode of the further current source (T6)
terminal (3) and the first supply terminal (1), a sec-  and tothe collector
of thethird transistor (T9), whose ond semiconductor element (T5) having a
main cur-  30  emitter like the emitter of the fourth transistor (T10) rent
path coupled between the first supply voltage    is coupled to the second
supply voltage terminal (2) terminal (1) and the output terminal (3), in
series with  and whose base is coupled to the mutually coupled the
resistive element (R1), and characterized in that  base and collector of
the fourth transistor (T10) and the band-gap reference circuit further
comprises a    to the collector of the second transistor (T8). voltage
divider (R3, R4) having an input coupled in  35 parallel with the first
semiconductor element (T1)  7. A band-gap reference circuit as claimed in
any one and an output coupled in parallel with the main cur-  of the
preceding Claims, characterized in that the rent path of the second
semiconductor element (T5)    current source (T2) and the resistive element
(R1) for supplying a portion of the junction voltage of the  are coupled to
the output terminal (3) by means of first semiconductor element (T1) across
the main  40  a buffer circuit (31). current path of the second
semiconductor element (T5).                                             8.
A band-gap reference circuit as claimed in Claim 7, characterized in that
the buffercircuit (31) comprises 2. A band-gap reference circuit as claimed
in Claim 1,    a differential pair (Ti 1, T12) having a first input cou-
characterized in that the second semiconductor ele-  45  pled to the
current source (T2) and the resistive ele- ment (T5) further has a control
electrode coupled to  ment (R1), having a second input coupled to the out-
a point (4) situated between the first semiconductor  put terminal (3),
having a common terminal coupled element (T1) andthe second supplyvoltage
terminal     to the first supply voltage terminal (1) by means of (2).
a tail current source (T1 3), having a first output cou- 50     pled both
to the second supply voltage terminal (2) 3. A band-gap reference circuit
as claimed in Claim 1     by means of a load element (T14) and to a control
or 2, characterized in that the voltage divider com-  electrode of an
output transistor (T15) which has a prises a series arrangement of at least
two resistors,  main current path coupled between the second sup- [err]
wich series arrangement is coupled in par-   ply voltage terminal (2) and
the output terminal (3), allel with the junction [err] one of the two
resistors  55  and having a second output coupled to the second [err] being
coupled in parallel with the main current  supply voltage terminal (2).
path of the second semiconductor element [err]. C   L   M   S 6    11
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S. Bandabstand-Bezugsschaltung nach Anspruch 4, 



dadurch pekennzeichnet. daB des erste Halbleiter- 1.
Bandabstand-Bezugsschaftung  zum   Erzeugen         element (Ti), die
Stromquelle (J1) und die weiters einer Bezugsspannung mit einem bestimmten
Tern-    Stromquelle (J2) zu einer PTAT-Stromquellenschal-
peraturkoeffizienten, wobei die Schaltung ein erstes  5  tung (1i1)
geh6ren. Halbleiterelement (T1) mit mindestens einem Ober- gang zum
Erzeugen einer Obergangsspannung mit    6. Bandabstand-Bezugsschaltung nach
Anspruch 5, negativem Temperaturkoeffizienten umfaBt, wel-     dadurch
pekennzeichnst, daB die PTAT-Strom- ches erste Halbleiterelement (Ti)
zwischen einen   quellenschaltung (11) einen ersten (T7), einen zwei-
ersten (1) und einen zweiten (2) Versorgungsspan-  10    ten (TS), einen
dritten (T9) und einen vierten (T10) nungsanschlul3 geschaltet ist, sowie
eine Strom-   Transistor umfal3t, von denen jeder eine Basis, quelle (J1)
zum Erzeugen eines Bezugsstroms mit    einen Kollektor und einen Emitter
hat, und einen positivem Temperaturkoeffizienten, welche Strom-   weiteren
Widerstand (R5), wobei der Emitter des quele (JI)zzwischen denzweiten
Versorgungsspan-    erstan Transistors (T7) Ober den weiteren Wider-
nungsanschluB (2) und einen Ausgangsanschlul3  15    stand (R5) mit dem
ersten Versorgungsspannungs- (3) geschaltet ist, und sin Widerstandselement
(RI)  anschluB (1) gekoppolt ist, die Basis des ersten zum Fuhren
mindestens eines Teils des Bezugs-      Transistors (T7) mit dem zwischen
dem ersten Halb- stroans, weiches Widerstandslemsent (Ri) zwi-
leiterelement   (Ti )unddemzweitenVersorgungs- schen den AusgangsanschluB
(3) und den ersten      spannungsanschluB (2) liegenden Punkt (4) und mit
VersorgungsspannungsanschluB (1) geschaltet ist, 20  der Basis deszweiten
Transistors (TS) gekoppeitist, wobei sin zweites Halbleiterelement (T5)
einen zwi-  dessen Emitter mit dem ersten Versorgungsspan- schen den ersten
VersorgungsspannungsanschluB      nungsanschluB (1) gekoppeit ist, wobei
der Kollek- (1) und den AusgangsanschluB (3), in Reihe mit     tor des
ersten Transistors (T7) mit einer Steuerelek- dem Widerstandselement (Ri)
geschaltsten Haupt-    trode der weiteren Stromquelle (TS) und dem Kol-
strompfad hat, und dadurch aekennzeichnst, daB  25  lektordes dritten
Transistors (T9) gekoppelt ist, des- die Bandabstand-Bezugsschaltung
weiterhin einen    sen Emitter wie der Emitter des vierten Transistors
Spannungsteiler (R3, R4) umfaBt, mit einem zu dem  (T10) mit dem zweiten
Versorgungsspannungsan- ersten Halbleiterelement (T1) parallel geschafteten
schluB (2) gekoppelt ist und dessen Basis mit der Eingang und sinem zum
Hauptstrompfad des zwei-     Basis und dem Kollektor des vierten
Transistors ten Halbleiterelements (TS) parallel geschaiteten  30  (T10),
die miteinander gekoppeit sind, und mit dem Ausgang, um einen Tell der
Obergangsspannung       Kollektor des zweiten Transistors (TS) gakoppelt
ist. des ersten Halbleiterelements (Ti) an den Haupt- strompfad des zweiten
Halbleiterelements (T5) zu  7. Bandabstand-Bezugsschaltung nach einem  der
legen.                                             vorhergehenden
Ansprfche, dadurch askenn- t5     zeichnet, daB die Stromquelle (T2) und
das Wider- 2. Bandabstand-Bezugsschaftung nach Anspruch 1,
standselement (R1) fber sine Pufferschaltung (31) dadurch pekennzeichnet.
daBl das zweite Halblei-   mit dem AusgangsanschluB (3) gekoppelt sind.
terelement (T5) weiterhin eine mit einem zwischen dem ersten
Halbleiterelement (Ti) und dem zweiten  a  Bandabstand-Bezugsschaltung nach
Anspruch 7, VersorgungsspannungsanschluB  (2) liegenden  40    dadurch
aekennzeichnet. daB die Pufferschaltung Punkt (4) gekoppeite
Steuerelektrode hat.          (31) ein Differenzpaar (Tll, T1 2) umfaBt,
das einen mit der Stromquelle (T2) und dom Widerstandsele- 3.
Bandabstand-Bezugsschaltung nach Anspruch 1         ment (Ri) gekoppeiten
ersten Eingang hat, einen odsr 2, dadurch piekennzeichnet. daB der Span-
m-n dem AusgangsanschluB (3) gekoppelten zwei- nungsteiler eine
Reihenschaitung aus mindestens  45    ten Eingang, einen Ober eine mit dem
gekoppelten zwei Widerstinden (R3, R4) umfaSt, welche Rel-      Emitter
verbundene Stromquelle (T13) mit dsm hsnschaitung zum Obergang (Ti)
parallel geschal-   srsten VsrsorgungsspannungsanschluB (1) gakop- tet !st,
wobei einerder beiden Widerstande (R4) par-  pelten gemeinsamen AnschluB,
einen sowohl Ober alleizum Hauptstrompfaddsszweien Halbleiterele-    sin
Lastelement (T14) mit dem zweiten Versor- ments (TS) geschaltet ist.
50     gungsspannungsanschluB als auch mit der Steuer- elektrode eines
Ausgangstransistors (T15), der 4. Bandabstand-Bezugsschaltung nach Anspruch
1, 2      einen zwischen den zweiten Versorgungsspan- oder 3, dadurch
aokennzeichnet, daB das erste      nungsanschluB (2) und den
AusgangsanschluB (3) Halbleiterelement (Ti) sin Ein-Richtungselement
geschalteten Hauptstrompfad hat, gekoppesten umfaBt, welches Element fber
eine weitere Strom- 55  ersten Ausgang, und sinen mit dem zweiten Versor-
quelle (J2) mit dem zweiten Versorgungsspan-       gungsspannungsanschluB
(2) gekoppeiten zweiten nungsanschluB (2) gekoppelt ist.
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Revwndlcatlons                                     5. Circuit de reference
a bands 6nerg6tique selon la revendication 4, caract6ris6 en ce que le
premier 1. Circuit de r6ference a bande energetique concu      el6ment
semiconducteur (Ti), la source de courant 



pour engendrer une tension de reference presentant  (J1) et l'autre source
de courant (J2) constituent une un coefficient de temperature specifique,
le circuit  5  partie d'un circuit de source de courant PTAT (11).
comportant un premier element semiconductour (T1) presentant au moins une
jonction pour engen-  6. Circuit de reference a bande 6nergdtique selon la
drer une tension de jonction ayant un coefficient de  revendication 5,
caracteris4 en ce que le circuit de temperature negatif, ledit premier
element semicon-  source de courant PTAT (11) comporte un premier ducteur
(T1) est couple entre une premiere (1) et 10    (T), un dsuxieme (TS), un
troisibme (T9) et un qua- une deuxibme (2) borne de tension d'alimentation,
tribme (T10) transistor qui presentent chacun une une source de courant (J)
concue pour engendrer    base, un collecteur et un emetteur, et une autre
un courant de reference prbsentant un coefficient de  resistance (RS),
l'emetteur du premier transistor temperature positif, ladite source de
courant (Ji) est  (T7) 6tant coupie a la premiere borne de tension couplee
entre la deuxieme borne de tension d'ali- 15  d'alimentation (1) au moyen
de l'autre resistance mentation (2) et une borne de sortie (3), et un 416-
(RS), la base du premier transistor (T7) etant cou- ment de resistance (RA)
congu pour presenter au    ple au point (4) situe entre le premier 4lement
semi- moins une partie du courant de reference, ledit 414-  conducteur (T1)
et la deuxibme borne de tension ment de resistance (RA) est coupl4 entre la
borne  d'alimentation (2) et a la base du deuxibme transis- de sortie (3)
et la premibre borne de tension dali- 20    tor (TS) dont l'4metteur est
coupl6 a la premibre mentation (1), un deuxibme element semiconduc-
borne de tension d'alimentation (1), le collecteur du teur (T5) presentant
un trajet de courant principal  premier transistor (T7) 6tant coupl4 a une
electrode couple entre la premibre borne de tension d'alimen-  de commands
de l'autre source de courant (J2) et tation (1) et la borne de sortie (3),
en serie avec l1'41-  le collecteur du troisibme transistor (T9) dont
I'emet- ment de resistance, caracteris4 en ce que le circuit 25
teurcomme l'4metteurdu quatribmetransistor (T10) de reference a bande
energetique comporte un divi-  est coupl4 a la deuxieme borne de tension
d'alimen- seurdetension (R3, R4) presentant une entree cou-  tation (2) et
dont la base est couplie & la base et au plee en parallble au premier
4ldment semiconduc-   collecteur mutuellement couples du quatrieme tran-
teur (T1) et une sortie couplee en parallble au trajet  sistor (T1 0) et au
collecteur du deuxibme transistor de courant principal du deuxieme 6lement
semicon- 30    (TB). ducteur (T5) pour fournir une partle de la tension de
jonction du premier element semiconducteur (T1) &  7. Circuit de reference
a bands energetique selon Pune travers le trajet de courant principal du
deuxieme  quelconquedes revendications precedentes, carac- element
semiconducteur (T5).                       terise en ce que la source de
courant (Ji) et 1'e1- 35     ment de resistance (RA) sont couples & la
borne de 2. Circuit de reference & bands energ6tique selon la   sortie (3)
au moyen d'un circuit tampon (31). revendication 1, caracterise en ce que
le deuxibme 4lement semiconducteur (T5) comports encore une  8  Circuit de
rtference a bande energetique selon la electrode de commands couplea & un
point (4) situ4  revendication 7, caracterise en ce quo le circuit tam-
entre le premier element semiconducteur (1) et la 40  pon (31) comporte une
pairs differentielle (Ti 1 ,T1 2) deuxibme borne de tension d'alimentation
(2).      presentant une premibre entree couplee a la source de courant
(J2) et a l'element de resistance (RA), 3. Circuit de reference a bands
energetique selon la   presentant une deuxibme entree couplee a la borne
revendication 1 ou 2, caract6ris6 en ce que le divi-  de sortie (3),
prisentant une borne commune cou- seur de tension comporte un circuit en
seris consti- 45  plIe & la premibre borne de tension d'alimentation tu6
d'au moins deux resistances (R3, R4), ledit cir-  (1) au moyen d'une source
de courant de queue cuit en serie est coupl4 en paralible & la jonction
(T1)  (T13), presentant une premibre sortie couplea & la , l'une (R4) des
deux r6sistances etant couplde en  deuxibme borne de tension d'alimentation
(2) au paralible au trajet de courant principal du deuxibme  moyen d'un
element de charge (T1 4) aussi bien qua element semiconducteur (T5).
50     une electrode de commands d'un transistor de sor- tie (TI5) qui
presente un trajet de courant principal 4. Circuit de reference & bands
Anergetique salon la   couple entre la deuxieme borne detension d'alimen-
revendication 1, 2 ou 3, caracterise en ce que le pre-  tation (2) et la
borne de sortie (3), et pr6sentant une mier element semiconducteur (T1i)
comporte un 414-  deuxibme sortie couplee & la deuxieme borne de ment
unidirectionnel, ledit 6lement est couple & Ia  55    tension
d'alimentation (2). deuxibme borne de tension d'alimentation (2) au moyen
d'une autre source de courant (J2). 8 =    


