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diode voltage reference circuit of the preferred embodiment of the present
invention. The present invention relates to voltage ref- erence circuits
and, more particularly, to a diode  Detailed description of the preferred
embodiment voltage reference circuit for providing a stable    5  Turning
to Fig. 1 there is shown a known diode reference voltage with a low
impedance output at    voltage reference circuit that has found use in the
which current may be both sourced and sunk.         art. Voltage reference
circuit 10 includes a diode Diode voltage references, which are suited for
bias reference means comprised of diodes 12,14, manufacture in monolithic
integrated circuit form,  16 and resistor 18 which are all series connected
are well known to those in the art. A common type    10    between first
and second power supply conduc- of diode voltage reference circuit is shown
in Fig.  tors 20 and 22 at which are supplied an operating 1 herein.
Although the voltage reference circuit   bias potential and a common
reference potential illustrated in Fig. 1 provides a predetermined
respectively. The output of voltage reference cir- voltage at the output
thereof its performance       cuit 10istaken atoutput node 24which is
coupled degrades significantly as current is sourced from    15   to the
anode of diode 14. the output. Additionally, this voltage reference      As
long as sufficient quiescent bias current circuit is not capable of
sourcing currents over a  flows through the diodes, a reference voltage,
wide range of values.                               [err equal to
approximately 20 (where 0 is the Another known diode voltage reference
circuit     voltage drop across a standard diode) is supplied illustrated
in Fig. 2 and will be discussed in   20   at output 24. Circuit 10 is
suited mainly for sinking more detail later. Similar examples are known
current at output 24. However, the reference from  US-A-4,063,147  and
JP-A--0132214.            voltage [err] will degrade significantly as
current However, the performance of this type of voltage    is pulled from
the output unless the output cur- reference circuit degrades significantly
when cur-  rent is maintained at a value very much less than rent is sunk
at the output.                   25   the quiescent current flowing through
the diode Thus, there is a need for a diode voltage         string.
reference circuit which is relatively simple in       Thus, to be able to
source a wide range of structure and which can provide a low impedance
current values at the output of the above to both sinking and sourcing
currents at an output  described voltage reference circuit, the quiescent
thereof while producing a stable output voltage    30   current must be
very large. Hence, the efficiency over a wide range of current values.
of this circuit is very poor. Additionally, if the prior art voltage
reference circuit is utilized in a mono- Summary of the invention
lithic integrated circuit, the excessive quiescent Accordingly, it is an
object of the present       current can produce undesirable power dissipa-
invention to provide an improved voltage ref-   35   tion in the integrated
circuit. erence circuit which is particularly suitable as a    Referring to
Fig. 2 there is shown voltage monolithic integrated voltage reference
circuit.    reference circuit 30 which is generally known to In accordance
with the above and other objects    those skilled in the art. It is to be
understood that there is provided a voltage reference circuit for
components of the remaining figures which providing a predetermined voltage
at an output   40   correspond to like components in Fig. 1 are thereof
comprising first and second power supply    designated by the same
reference numbers. As conductors; diode bias means coupled between
illustrated, transistor 26 has been added and has the first and second
power supply conductors and    its control electrode or base connected to a
circuit including a plurality of diode means in series      node of the
diode string which in the present case connection therebetween; a
transistor having    45   is at the anode of diode 12. The
collector-emitter first, second and control electrodes wherein the    path
of transistor 26 is coupled between power first electrode is coupled to the
output of the     supply conductor 20 and common reference voltage
reference circuit, the second electrode is  supply 22 [err].The output 24
of ref- coupled to the first power supply conductor and     erence [err]is
at the connection the control electrode is coupled at a first circuit  so
betwee  tter of tr       and the upper node to the diode bias means; and
additional        end of[err] diode means coupled between the first
electrode       As [errby matching the characteris- of the transistor and a
second circuit node         tics [err] 26 with those of  diodes 12,14
between two of the series connected diode means     and [err] the voltage
level is made equal to of the diode bias means for conducting in parallel
55   20. [err] 30 is an improved circuit over that with at least one member
of said plurality of       illustration [err] as current can be both
sourced series connected diode means.                       and sunk [err]
output 25 . However, as current is forced into ooutput performance of
circuit 30 Brief description of the drawings                   degrades
significantly until such time that tran- Fig. 1 is a schematic diagram
illustrating a prior  60   sistor 26 is turned off by having its
base-emitter art diode voltage reference circuit;                contact
reverse biased by the potential developed Fig. 2 is a schematic diagram
illustrating       across resistor 28. To increase the range over 



another prior art diode voltage reference circuit;  which circuit 30 can
operate with current being and
sourced into output 24 an excessive amount of Fig. 3 is a schematic diagram
illustrating a    65   quiescent current must flow through transistor 26 2
3                   0  143 788                      4 and resistor 28. Ths
quiescent current, as was the  second electrode being coupled to said first
power case above, is wasted in the circuit operation and   supply
conductor, said control electrode being produces undesirable power
dissipation.             coupled at a first circuit node to said diode bias
Attention is now drawn to Fig. 3 which illustrates  means; and
characterised by voltage reference circuit 40 of the preferred    5
additional diode means (32) coupled between embodiment. Voltage reference
circuit 40 is suited  said first electrode of said transistor and a second
to be manufactured in monolithic integrated cir-     circuit node between
two of said series connected cuit form and provides much improved perform-
diode meansof said diode bias meansforconduct- ance with respect to the
prior art voltage reference  ing in parallel with at least one member of
said circuits described above. As shown, voltage ref-   10   plurality of
series connected diode means. erence circuits 40 includes the diodes
reference      2. The voltage reference circuit of claim  1 means
comprising resistor 18 and diodes 12, 14      wherein said diode bias means
includes: and 16 as already described. Transistor 26 has its    first (12)
and second (14) diodes series con- control electrode connected to a first
circuit node  nected between said first and second circuit to the anode of
transistor 12 and has its emitter   15   nodes; and
coupledviadiode32toasecondcircuitnodetothe             a third diode (16)
connected between said anode of diode 16. Output 24 is taken at the emitter
second circuit node and said second power supply of transistor 26 as
aforedescribed with reference to  conductor. Fig. 2.
3. The voltage reference circuit of claim  2 Diodes 12, 14 and 16 bias the
base of transistor   20   wherein: 26 at three diode voltage drops (30)
above the         said diode bias means includes a resistor (18) common
reference potential supplied at conduc-       coupled between said first
power supply conduc- tor 22. The series connection of the base-emitter
tor (20) and said first circuit node; and path of transistor 26 and diode
32 establishes a       said additional diode means includes a fourth
reference potential of 20 at the output 24. Voltage    25   diode.
reference circuit 40 present a  low impedance to output 24 and provides
good output voltage           Patentansprflche regulation over a wide range
of current values with a minimal amount of required quiescent current.
1. Spannungsreferenzschaltung (40) zum Abge- Unlike the voltage reference
circuits of Figs. 1 and    30   ben einer vorbestimmten Spannung an einen
2, voltage reference circuit 40 is able to sink and  Ausgang (24)
derselben, enthaltend: source current at output 24 without significant
erste (20) und zweite (22) Stromversorgungslei- degradation within said
range of current values.    ter; Although voltage reference circuit 40 of
the         eine Diodenvorspannungseinrichtung (12, 14, preferred
embodiment has been illustrated as   35   16, 18), die zwischen die ersten
und zweiten providing an output regulated voltage of value 20,
Stromversorgungsleiter geschaltet ist und meh- it is understood that
various predetermined output   rere Diodeneinrichtungen (12,14,16)
aufweist, die voltage levels could be established by using
dazwischen in Serie geschaltet sind; multiple diodes and/or Zeners. For
example, by         einen Transistor (26) mit ersten, zweiten und adding an
additional diode in series connection    40    Steuerelektroden, wobei die
erste Elektrode mit between the cathode of diode 16 and common          dem
Ausgang der Spannungsreferenzschaltung, supply terminal 22, the value of
the voltage Vour is  die zweite Elektrode mit dem ersten Stromversor-
increased to 30.                                     gungsleiter, die
Steuerelektrode an einem ersten Thus, what has been described above, is an
Schaltkreisknoten mit der Diodenvorspannungs- improved and novel voltage
reference circuit   45   einrichtung verbunden sind; und gekennzeichnet
wherein a stable regulated output voltage is         durch produced at an
output thereof over a wide range of    ein zusatzliche Diodeneinrichtung
(32), die current values that can be either sourced orsunk at  zwischen die
erste Elektrode des Transistors und the output of the circuit.
einen zweiten Schaltungsknoten zwischen zwei 50   der in Serie geschalteten
Diodeneinrichtungen der Claims
Diodenvorspannungseinrichtung geschaltet ist, um parallel mit wenigstens
einem Element aus der 1. A voltage reference circuit (40) for providing a
Mehrzahl der in Serie geschalteten Diodeneinrich- predetermined voltage at
an output (24) thereof,    tungen zu leiten. comprising:
55      2. Spannungsreferenzschaltung nach Anspruch 



first (20) and second (22) power supply conduc-    1, bei der die
Diodenvorspannungseinrichtung tors;
enthAlt: diode bias means (12, 14, 16, 18) coupled            erste (12)
und zweite (14) Dioden, die zwischen between said first and second power
supply           die ersten und zweiten Schaltungsknoten in Serie
conductors and including a plurality of diode    60   geschaltet sind; und
means (12, 14, 16) in series connection there-        eine dritte Diode
(16), die zwischen den genann- between;
ten zweiten Schaltungsknoten und den zweiten a transistor (26) having
first, second and control  Stromversorgungsleiter geschaltet ist.
electrodes, said first electrode being coupled to     3.
Spannungsreferenzschaltung nach Anspruch the output of the voltage
reference circuit, said   65   2, bei der: 3    3                   0 143
788                      4 and resistor 28. Ths quiescent current, as was
the  second electrode being coupled to said first power case above, is
wasted in the circuit operation and  supply conductor, said control
electrode being produces undesirable power dissipation.             coupled
at a first circuit node to said diode bias Attention is now drawn to Fig.
3which illustrates  means; and characterised by voltage reference circuit
40 of the preferred    5    additional diode means (32) coupled between
embodiment. Voltage reference circuit 40 is suited  said first electrode of
said transistor and a second to be manufactured in monolithic integrated
cir-    circuit node between two of said series connected cuit form and
provides much improved perform-       diode means of said diode bias
meansforconduct- ance with respect to the prior art voltage reference  ing
in parallel with at least one member of said circuits described above. As
shown, voltage ref-   10   plurality of series connected diode means.
erence circuits 40 includes the diodes reference      2. The voltage
reference circuit of claim  1 means comprising resistor 18 and diodes 12,
14      wherein said diode bias means includes: and 16 as already
described. Transistor 26 has its   first (12) and second (14) diodes series
con- control electrode connected to a first circuit node  nected between
said first and second circuit to the anode of transistor 12 and has its
emitter   15   nodes; and coupled via diode 32 to a second circuit node to
the  a third diode (16) connected between said anodeofdiode 16.
Output24istakenattheemitter        second circuit node and said second
power supply of transistor 26 as aforedescribed with reference to
conductor. Fig. 2.                                               3. The
voltage reference circuit of claim  2 Diodes 12, 14 and 16 bias the base of
transistor   20   wherein: 26 at three diode voltage drops (30) above the
said diode bias means includes a resistor (18) common reference potential
supplied at conduc-      coupled between said first power supply conduc-
tor 22. The series connection of the base-emitter   tor (20) and said first
circuit node; and path of transistor 26 and diode 32 establishes a
said additional diode means includes a fourth reference potential of 20 at
the output 24. Voltage   25   diode. reference circuit 40 present a low
impedance to output 24 and provides good output voltage
PatentansprOche regulation over a wide range of currentvalueswith a minimal
amount of required quiescent current.       1. Spannungsreferenzschaltung
(40) zum Abge- Unlike the voltage reference circuits of Figs. 1 and    30
ben siner vorbestimmten Spannung an einen 2, voltage reference circuit 40
is able to sink and  Ausgang (24) derselben, enthaltend: source current at
output 24 without significant       erste (20) und zweite (22)
Stromversorgungslei- degradation within said range of current values.
ter; Although voltage reference circuit 40 of the        eine
Diodenvorspannungseinrichtung (12, 14, preferred embodiment has been
illustrated as   35   16, 18), die zwischen die ersten und zweiten
providing an output regulated voltage of value 20,  Stromversorgungsleiter
geschaltet ist und meh- it is understood thatvarious predetermined output
rere Diodeneinrichtungen (12,14,16) aufweist, die voltage levels could be
established by using        dazwischen in Serie geschaltet sind; multiple
diodes and/or Zeners. For example, by        einen Transistor (26) mit
ersten, zweiten und adding an additional diode in series connection    4o
Steuerelektroden, wobei die erste Elektrode mit between the cathode of
diode 16 and common          dem Ausgang der Spannungsreferenzschaltung,
supply terminal 22, the value of the voltage VOUT is  die zweite Elektrode
mit dem ersten Stromversor- increased to 30.
gungsleiter, die Steuerelektrode an einem ersten Thus, what has been
described above, is an        Schaltkreisknoten mit der Diodenvorspannungs-
improved and novel voltage reference circuit   45   einrichtung verbunden
sind; und gekennzeichnet wherein a stable regulated output voltage is
durch produced at an output thereof over a wide range of    ein zusitzliche
Diodeneinrichtung  (32), die current values that can be either sourced or
sunk at  zwischen die erste Elektrode des Transistors und 



the output of the circuit.                          einen zweiten
Schaltungsknoten zwischen zwei 50   der in Serie geschalteten
Diodeneinrichtungen der Claims
Diodenvorspannungseinrichtung geschaltet ist, um parallel mitwenigstens
einem Element aus der 1. A voltage reference circuit (40) for providing a
Mehrzahl der in Serie geschalteten Diodeneinrich- predetermined voltage at
an output (24) thereof,   tungen zu leiten. comprising:
55      2. Spannungsreferenzschaltung nach Anspruch first (20) and second
(22) power supply conduc-   1, bei der die Diodenvorspannungseinrichtung
tors;                                               enthalt: diode bias
means (12, 14, 16, 18) coupled           erste (12) und zweite (14) Dioden,
die zwischen between said first and second power supply          die ersten
und zweiten Schaltungsknoten in Serie conductors and including a plurality
of diode    60   geschaltet sind; und means (12, 14, 16) in series
connection there-        eine dritte Diode (16), die zwischen den genann-
between;                                            ten zweiten
Schaltungsknoten und den zweiten a transistor (26) having first, second and
control  Stromversorgungsleiter geschaltet ist. electrodes, said first
electrode being coupled to     3. Spannungsreferenzschaltung nach Anspruch
the output of the voltage reference circuit, said   65   2, bei der: 3
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die  Diodenvorspannungseinrichtung  einen          polarisation A diode
dans un premier noeud du Widerstand (18) enthalt, der zwischen den ersten
circuit; Stromversorgungsleiter (20) und den ersten            caracterise
par Schaltungsknoten geschaltet ist; und                  un dispositif de
diode additionnel (32) connect6 wobei die zusatzliche Diodeneinrichtung
eine    5    entre la premiere 6lectrode du transistor et un vierte Diode
aufweist.                               second noeud du circuit, situ6
entre deux desdits dispositifs de diode mont6s en s6rie et faisant
Revendications                                       partie du dispositif
de polarisation A diode, pour conduire en parallele avec au moins l'un
desdits 1. Circuit de tension de ref6rence (40) destind A    to
dispositifs de diode mont6s en serie. fournir une tension pr6determin6e A
une sortie        2. Circuit selon la revendication 1, dans lequel le (24)
de ce circuit, comprenant:                     dispositif de polarisation A
diode comporte: un premier (20) et un second conducteur d'ali-       une
premiere (12) et une deuxieme diode (14) mentation (22);
montees en s6rie entre les premier et second un dispositif de polarisation
a diode (12, 14, 16,   15   noeuds du circuit; et 18) connect entre ces
premier et second conduc-   .   une troisieme diode (16) connect6e entre le
teurs d'alimentation et comportant plusieurs dis-    second noeud du
circuit et le second conducteur positifs de diode (12, 14, 16, 18) montes
en serie   d'alimentation. entre ces conducteurs;
3. Circuit selon la revendication 2, dans lequel: K  un transistor (26)
possedant une premiere et   20   le dispositif de polanisation A diode
comporte une seconde electrode, de meme qu'une elec-          une
resistance (18) connectee entre le premier trode de commande, la premniere
electrode etant      conducteur d'alimentation (20) et Is premier connectee
A la sortie du circuit de tension de       noeud du circuit; et reference,
la second electrode etant connectae au     le dispositif de diode
additionnel comporte une premier conducteur d'alimentation et I'electrode
25   quatrieme diode. de commande etant connect6e au dispositif de 30 35 40
45 50 55 60 65 4    


