Shunt Regul ators 5 This invention relates to shunt regul ators which
can be used to maintain.a power supply at a desired voltage |level over a
wi de range of input current. A key perforr‘rfnce par anmet etz i:s-t herrati® of
t he mi ni num operati ng current of the regul@ator to the maxi num current it
can agsorb. For 10 exanple, ‘i*n an el ectronic tel ephione, a shunt regul ator

‘may need to be able to. absorb noregy f8¢8¥E should be able to
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receiving a si gna present at the current flowng in the shunt
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regulator. Accordingly, a shunt regulator for regulating
20 the voltage level of a power supply comprises a pair of
input nodes for coupling across the power supply, a

reference voltage generator providing a reference voltage, a
potential divider network coupled between the regulator
input nodes and providing an output to.a first input of a
25 comparator, the comparator having a second input coupled to.
receive the refefende voltage and an output and a shunt
K/ element for absorbing- current from the power supply in
' dependance on an output signal from the comparator, wherein
there is provided a positive feedback path between the shunt
30 element and the comparator for controlling the gain of the
comparator in dependence on the current flowing in the shunt
element. '
In one embodiment of the invention, the positive
feedback path includes a current mirror having an input for
35 feceiving a signal representative of the current flowing in
the shunt element and an output coupled to a bias input of
the comparator for providing a bias signal proportional to
the current flowing in the shunt element. Preferably, the
shunt element provides an output signal to the current



-2- mrror which conprises an image of the current flowng in the shunt

- elenment. The shunt elenment thus preferably 5 conprises a first transistor
having a control electrode coupled to thg conparator output, a first
current el ectrode coupled to the control electrode of a second transistor,
and a second current electrode coupled to a first current electrode for,g
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One embodiment of the invention will now be more fully
described by way of examplg with reference to Ehe_drawings,
of which: -
20 Figure 1 shows a known basic shunt regulator
arrangement; and ' _ '
Figure 2 shows a shunt regulator arrangement according
to the invention. - . _
Thus, a standard, known shunt regulator may be
25 considered to comprise the arrangement shown in Figure 1.
The regulator receives an input current from a power supply
to be regulated: represented by current generator 1 coupled
to input terminals'2,3.'.A reference voltage geherator 4,
also coupled to input terminals 2,3 provides an output at
30 node 5 to one input of a voltage comparator 9. The second
input of comparator 9 receives a fraction of “the voltage
developed between terminals 2,3 via a resistive potential
divider network composed df resistors 7,8. The comparator
output éﬁ node 11 is coupled to a control electrode of a
35 shunt element 10, which, in this example, is illustrated as.
bipolar transistor. The shunt element 10 has its curfént
electrodes coupled to the input terminals 2,3 of the
regqulator. | -



35 shunt element 10, which, in this exanple, is illustrated as.. bipolar
transistor. The shunt elenent 10 has its current el ectrodes coupled to the
input termnals 2,3 of -the regul ator. = 33= |n operation, assum ng that
the input current exceeds that required to operate the shunt regul ator and
any qQther 5 circuits coupled to termnals 2,3, then the voltage devel oped
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control S|gna ase currén e transi st
to be absorbed varies over a very wide range. The maximum
‘ gain of comparator 9 must usually be restricted to avoid
high frequency stability problems which are inherent in any
20 feedback system. It may therefore develop significant input
offset voltage variations if the control'sisgnal it must
supply to the shunt element 10 varies widely. These offset
variations cause variations in the regulated voltage and
thus cause the regulator to present a finite resistance
25 Dbetween terminals 2,3 instead of the ideal zero resistance.
Additionally, the comparator 9 must be able to supply
a control signal to the shunt element 10 corresponding to
the maximum current to be absorbed. If the shunt element is
a bipolar transistor, as in this arrangement, then the
30 control signal is the base current of the transistor. The
comparator must then be biased at an appropriate current
level which may be too high for operation at the minimum
input current level.
To overcome the above problems, the invention provides
35 -a shunt regulator having the arrangement shown in Figure 2.
This shows only the part of the regulator between nodes 2,3
and 5,6 of Figure 1, that is the comparator 9 and shunt
element 10, which are indicated in Figure 2 by
dashed-outline boxes. The remainder of the arrangement of
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~conparator nust then be-biased at an appropriate current |evel which nmay be’
too high for operation at the mninuminput current level. To overcone the
above probl ens, the invention provides 85-= a shunt regul ator having the
arrangenment shown in Figure 2. This shows only tﬂe part oftgbegrggglgaarf
Oevent B 5 3 ere heLh U ot Soabgt ot A i B
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control %E%ﬁﬂofééyﬁt*Ehéqgaﬂééégéoéss comprises a pair of
transistors 90,91 having their control electrodes coupled to
receive comparator inputs 5,6 respectively} and their
20 emitters coupled together and to receive a bias current
Ig. The collector of transistor 90 is_coupied“via a diode
92 to the regulator input node 3 and to the base of
transistor 93 whose emitter is coupled to the regulator
input node 3 and whose collector is coupled to'the collector
25 of transistor 91. The control signal from the comparator is .
then taken from the junction of the collectors of
transistors 91 and 93. : -
The bias current Iy is generated by a p.n.p. current o’
mirror composed of transistors 94 and 95 which are arranged
30 to provide a gain N of more than unity e.g. 3 defined by the.
emitter areas of the transistors 94 and 95. The bias
current Ig is thus an image of the current flowing at the
input of the current mirror but is N times the value. The
current mirror is also coupled to a current source 96 which
35 provides a starting current I, which may be made
arbitrarily small, o .
The shunt element 10 is composed of transistors 100,
10l and 102. Transistor 100 has its.current electrddes
coupled between regulator input nodes 2 and 3 to absorb



fhen taken fromthe junction of the collectors of transistors 91 and 93.

The bias current [err] is generated by a p.n.p. current nmirror conposed of
transistors 94 and 95 which are arranged 80— to provide a gain N of nore

than unity e.g. 3 defined by the. emtter areas of the transistors 94 and
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col |l ector to,regulator input termnal 2 and its base coupled to the
base of tr%%%‘b‘l" BEX¥@Fmi ng part of the current mirror. 10 Thus,

when thg shunt elmngs] wWheéA' tEeCHhuAk! ellemeht RieRrby ranirext tT Anshet or
100 wi Il

the b t t 01 0 I d
t he bias Cgﬁ’%t \%T?rs‘ ealg g’??“’aﬁiftﬁﬁﬁgﬁgl E"’ﬁéﬁt %’8 ﬁ éﬁjﬁ %ga\zgén oﬁ%rﬁen
transistors 93, 100, 101 20 and 102 which are ass#ned to be natched in an
PG From ths ¢hdnSPle885860 hHA! 1686WA9TPHA O 3R Plds di®dney 25

[err]
will be: _ ﬁz
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Ip = NI + NI,
ﬁz
where B is the current gain of npn transisteors 93, 100, 101
20 and 102 which are assumed to be matched in an IC. From this,
it can be seen that the comparator offset V is given by
NI.B?
V=K N+1+ I
25 -— 1n :
@ N =-1+NIp

which varies from zero for very small values of I to a
30 virtually constant value of

KT N+ 1
— 1ln ' N
g N-1 for I>>pI,

35
Thus by adjusting the appropriate values, the normal
‘operating- range can be made to comply with these conditions
and the control 51gna1 will then remain independent of the
current flowing in the shunt element.



whi ch varies fromzero for very small values of | to a 30 virtually
constant value of [err] 35 Thus by adjusting the appropriate values, the
normal operating range can be nmade to corgply with these conditions and the
control signal will then remain independent of the current flowing in the
shunt el enment. -6- Cains 5 1. A shunt regul ator for regulatlng Lne
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comparator for controlllng the gain of the comparator in

dependence on the current flowing in the shunt element.
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2. A shunt regulator according to claim 1, wherein said
20 positive feedback path includes a current mirror having'an

input for receiving a signal representative of the current

flowing in the shunt element and an output coupled to a bias

input of the comparator for providing to the comparator a

bias signal proportional to the current flowing in the shunt
25 element. |

3. A shunt reguiator according to claim 2 wherein said
shunt element prévides an output signal to the current A
mirror which comprises an image of the current flowing in

30 the shunt element. |

4. A shunt regulator according to either claim 2 or claim
3 wherein said shunt element comprises a first transistor
having a control electrode coupled to the comparator output,
35 a first current electrode coupled to the control electrode
of a second transistor, and a second current electrode
coupled to a first current electrode of a third transistor,
the second transistor havinq first and second current
electrodes coupled to the regulator input nodes and the
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30 the shunt elenment. 4. A shunt regul ator according to either claim2
or claim 3 wherein said, shunt el ement conprises a first transistor having a
control el ectrode coupled to the conparatyor_output, 35 a first current

el ectrode coupled to the control electrode of a second transistor, and a
secon,d current electrode coupled to a first current electrode of a third
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shunt regul ator according to any one of clains 2 to 4 wherein said current
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* C gurrent soyrce -coupled to provide a startlng current to t
10 current mirror.

6. A shunt regulator substantially as hereinbefore
described by way of example with reference to Figure 2 of
the drawings.
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