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LIMTING This application is related to a patent applicatio
87,648, entitled "Voltage Regulator™, concurrently filed herewith. The

present invention concerns voDWAE VOLTAGEOLTAGEREGULATORMWITH), to
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The present invention concerns voltage regulators, and
more particularly, to a dual voltage voltage regulator with
foldback current limiting wherein the threshold for initiating

10 current limiting is maintained at approximately the same output
current for each of the output voltages.

' Voltage regulators, which use a controllable series
impedance device- for maintaining a regulated output voltage
coupled to a load, are susceptible to damage if a short circuit or

15 other fault is applied to the output terminals of the regulator.
Such damage often is caused by excessive thermal dissipation of
the series impedance device or by greatly exceeding the current
rating of the series device. For this reason, it is common to

- provide overload protection to prevent such damage to the

2 0 regulator. ' |

One type of overload protection is current limiting in
what is known as a “foldback” voltage regulator, such as is
disclosed in U.S. Patent No. 3,445,751 of Easter. Such a regulator
provides output voltage regulation for a changing load until an

2 5 overload current threshold is reached. For load currents above
this threshold, the available output current decreases as the load
increases, with a corresponding decrease in the output voltage.
The short-circuit current can be adjusted to be but a small fraction
of the full load current, thus minimizing the dissipation in the

3 0 series pass transistor. The voltage regulator of the present
invention is such a “foldback” voltage regulator.

Some applications require a voltage regulator which is
capable of providing multiple output voltages. Accordingly, it is
desirable to provide a multiple voltage voltage regulator having

3§ current limiting overload protection for both output voltage
settings. o |

Briefly, the present invention concerns a voltage
regulator which is switchable between a lower regulated DC

a dual voltage voltage regul ator gidnf m i "ting REt )
wherein the threshold for init i_agﬂr%ﬁ§é%£%@ﬂl¥nL | ngb%lgl mai nt ai edwz‘it .
approxi mately the same output current for each of the output voltages.
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with a correspeagieid deashpserdsistofe coupled VP! k@des with the load. The
current limiting threshold is adjusted to be approximately the
same for both the lower and the higher regulated DC output
10 voltages. This adjustment is accomplished with a switching
device, which is coupled to one of the voltage dividers, and is
actuated in the higher output voltage mode.
Reference can be had to the drawing which shows a
schematic of the present regulator according to aspects of the
15 present invention.
Referring now to Flgure 1, there is shown a voltage
regulator 10 according to aspects of the present invention.
Voltage regulator 10 can be switchable between a higher
regulated DC output voltage mode and a lower regulated DC output
2 0 voltage mode. _
An unregulated direct current power supply source
(not shown) is connected between terminal 12 and a reference
potential point 11 (e.g., ground). The emitter electrode 14 of
series pass PNP transistor Q1 is coupled to terminal 12. The
2§ collector electrode 16 of transistor Q1 is coupled to an output
terminal 18 through resistor 20. A load (LNB) is coupled between
output terminal 18 and reference point 11 (not shown). The base
electrode of transistor Q1 is coupled to a collector electrode of NPN
amplification transistor Q2 and to input terminal 12 through a
3 0 resistor 22. The emitter electrode of transistor Q2 is coupled to
~ output terminal 18 through a resistor 24 and to reference point 11
by resistor 30. The base electrode of transistor Q2 is coupled to
receive a control signal, which will be discussed more fully below.
Supply current flows from the DC supply source
35 coupled to terminal 12 through the emitter-collector path of
transistor Q1 and resistor 20 to output terminal 18 and the load.
The amount of this current is controlled by the control signal
coupled to the base electrode of transistor Q2 via line 26, with the
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electrode and the base electrode of transistor Q1l, reduces the
effects of collector to base leakage currents in transistor Ql.

The complementary arrangement of tramsistors Ql, Q2
provides both voltage and current gain since the collector

electrode of transistor Q2 is coupled to the base electrode of

transistor Q1 and the output of the series pass arrangement is
taken from the collector electrode 16 of transistor Q1. Thus,
transistors QIl, Q2 are arranged as amplifiers within a feedback
loop with thé loop gain determined by a feedback network
comprised of resistor 24 coupled from output terminal 18 to the

emitter electrode of transistor Q2, and resistor 30 coupled to-

ground. _

To have the regulator operate with a lower difference
voltage between the input voltage Vin and the output voltage Vo,
and reduce power dissipation in transistor Q1, it is desirable that
transistor Q1 be driven into saturation at the highest output
voltages in the high voltage mode. Voltage divider resistors 24,
30 improve the efficiency of the series pass circuit to achieve
these attributes.

Voltage V26, at line 26, is mathematically expressed as
follows:

V26=Vbe of Q2+Vo(resistor 30/(resistof 30+resistor 24)).

If the Vbe of Q2 is 0.7 volts and the value of resistor 24 equals the
value of resistor 30, then:

V26 = 0.7 volts + Vo/2.

Since this arrangement lowers the voltage at the emitter of
transistor Q2 to substantially below the voltage Vo, it makes it
easier to drive Q2 harder since the voltage V26 '‘can be a lower
voltage, thus allowing transistor Q1 to be more easily driven into
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in transistor Q1 when it is fully driven.
The lower difference between input and output

1.0 voltages is of particular -importance in the higher output voltage
mode because the maximum value of voltage Vin is limited.
Additionally, since the control voltage applied to lead 26 is now
considerably lower than B+, operational amplifier 46, which
provides control signal V26, as will be discussed more fully below,

15 is not required to operate at output voltages near the value of B+
in order to drive transistor Q2 to saturate transistor Q1.

A resistor 28 is coupled between the emitter electrode
14 of transistor Q1 and the emitter electrode of transistor Q2, to
prevent the emitter electrode of Q2 from falling so low when the

2 0 output is short circuited, that operational amplifier 46 cannot
reverse bias the base-emitter junction of transistor Q2 to cut-off
transistor Q1. The ability to cause transistor Q1 to be cut-off is
important for current limiting, which will be discussed more fully
below. . _

25 . A reference voltage is provided by resistor 34 and
zener diode 36 connected in series between input terminal 12 and
ground, and the reference voltage is filtered by a capacitor 38.
The reference voltage is coupled to a non-inverting (ni) input
terminal 46ni of an operational amplifier 46 where it is compared

30 to a divided down version of Vo, which is coupled to an inverting
(i) input terminal 46i. The divided down version of Vo is derived

 from a tap at the junction of series voltage divider resistors 42
and 44 coupled between output terminal 18 and ground 11. " The
output signal of amplifier 46 provides the control signal V26 at

35 line 26 through isolation resistor 50. This arrangement provides
negative feedback which reduces or increases the drive to
transistor Q1 if there is a respective increase or decrease in the

\
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resistor divider 51, 52. The collector electrode of transistor Q3 is
coupled to terminal 46i by resistor 54, and when transistor Q3 is
driven into saturation, resistor 54 is coupled in parallel with
1 0 divider resistor 44, thus modifying the voltage divider ratio of
resistors 42, 44, The resulting change in V26, provided by
comparator amplifier 46, causes the output voltage at terminal 18
to be switched to the higher voltage.
Turning now to the foldback current limiting aspect of
15 the present regulator, a voltage divider 58, comprising series
resistors 60, 62 and 64, is coupled between collector 16 of
transistor Q1 and ground, with a tap at the junction of resistors 62
and 64 being coupled to an inverting input terminal 66i of
operational amplifier 66. A voltage divider 68, comprising series
2 0 resistors 70 and 72, is coupled between output terminal 18 and
ground, with a tap at the junction of the resistors 70, 72 being
coupled to a non-inverting (ni) input terminal 66ni of amplifier
66. Output terminal 74 of amplifier 66 is coupled to the cathode
of a diode 76, with the anode of diode 76 being coupled to control
25 lead 26. Diode 76 prevents operational amplifier 66 from
effecting V26 during normal operation, as will be discussed more
fully below. Capacitor 79, coupled between output terminal 74
and terminal 66i, suppresses oscillation. Capacitor 80, . coupled
across resistor 72, prevents any AC signal received from the LNB
30 load from effecting amplifier 66. The component values of the
resistors in dividers 58, 68, are as follows:

ect S

resistor 60 = 1K ohms resistor 62 = 3K ohms
resistor 64 = 12K ohms resistor 70 = 2.8K
~ ohms _
3§ resistor 72 = 12K ohms

Resistor 20, (3.3 ohms), develops a voltage thereacross
proportional to the output current. Thus, the voltages across
dividers 58 and 68 are slightly different, and the voltages at the
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o amplifier 66 from interfering with the drive at line 26 under
normal operation. Thus, unless the circuit is in the current
limiting mode, normal control of line 26 is provided by amplifier
10 46. However, if the current drawn through resistor 20 exceeds
the foldback threshold current, the voltage drop across resistor 20
causes the voltage at the terminal 66ni to be slightly lower than
the voltage at terminal 66i. This forces the output voltage at
terminal 74 to go low due to the large gain of operational
1 § "amplifier 66. This causes diode 76 to be forward biased and
cause the operation of amplifier 46 to be overriden so that the
control voltage on line 26 is reduced to nearly zero volts. As a’
result, the output turrent at terminal 18 is reduced -to nearly zero
and output voltage Vo is reduced to nearly zero volts. In this
2 0 manner, when the output is short circuited or a fault occurs in the
load, the output current is “folded back™ from the nominal output
current which is provided to the load during normal operation.
For example, the output current may be folded back from a
. normal value of 350 milliamperes to about 10 milliamperes. Thus,
2 5 transistor Q1 is protected’ from being subjected to excessive
thermal dissipation or overcurrent condition due to a load fault.
When the load fault is removed, voltage regulator 10 recovers and
returns to normal operation. _
Voltage regulator 10 is a dual voltage voltage
3 0. regulator. When the output voltage Vo is changed to the higher
voltage, the foldback threshold current at which current limiting is
initiated, would also be changed. The change in the foldback
threshold current occurs because the voltage drop across the
current sensing resistor 20 would remain the same for any
3 5 particular current, but the differential voltage coupled to input
terminals 66ni and 66i due to the increase in voltage across
voltage dividers 58, 68. This is not desirable since the protection
afforded transistor Q1 and the load would be reduced.
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switched into the higher voltage mode, the higher voltage drop
across resistor 60 is sufficient to cause diode 78 to conduct in its
forward direction, thus changing the voltage division of divider 58
and the relationship of the difference voltage applied to terminals
66i and 66ni. This change of voltage divider 58 maintains

~ substantially the same foldback threshold current in the higher

15

20

voltage output mode as in the lower voltage output mode. For

example, without the change in voltage divider 58, the current
limiting threshold at the lower regulated output voltage, in the

exemplary embodiment, would be about 350 ma, and the current
limiting threshold at the higher regulated output voltage would be

about 600 ma. With the change in voltage divider 58, the current

limiting threshold is about 350 ma for each of the dual output

voltages.

In the presetit embodiment, diode 78 is a 1N914 diode
having a reasonably sharp “knee”. If it is desired to reduce the
sharpness of the conduction knee, a resistor (not shown) can be

‘connected immediately in series with diode 78. - Alternately, diode

25

30

35

78 can be replaced by a plurality of series connected diodes.
Other voltage sensitive devices can also be used, such as
germanium diodes, LED’s, voltage dependent resistors, or zener
diodes. In the case of an LED, the diode itself may be a visual
indicator as to the operating mode of the regulator. Additionally,
a relay or a switching transistor can be used in place of diode 78.
In such a case, the presence or absence of a micropfocessor signal,
such as available at terminal 53, can be used to initiate the
switching of the divider resistors when that same microprocessor
signal initiates the change in output voltage. Still further, the
voltage sensitive device can be connected elsewhere in one of the
voltage dividers. '

_ It should be noted that in the exemplary embodiment,
operational amplifiers 46 and 66 are LM348 operational
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than about one volt. It has been found that if such NPN input
circuit operational amplifiers are used, the ampleler 66 may latch
in the foldback current limiting mode, i.e., output terminal 74 is

latched to zero output volts, and will not recover to a normal
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operating mode when the fault is removed from output terminal -

18. However, there may be situations where this latching in a
“fail-safe” mode may be desirable.

The present voltage regulator is useful in a direct
broadcast satellite receiver system which includes an outdoor
microwave antenna which can be aimed at a satellite to receive a
signal from the satellite. The signal received from the satellite is
amplified by a “low noise block converter” (LNB) mounted in very
close proximity to or on the antenna.

The output - signal from the LNB is carried to an indoor
receiver by a coaxial cable. In order to supply power from the
indoor receiver to the LNB, as well as to control the polarization of
the LNB, a DC voltage is multiplexed onto the center conductor of
the coaxial cable. The circuits in the LNB are designed so that they
will function with either a lower power supply voltage or a higher

power supply voltage, with the dual supply voltages being used to

30

35

control polarization settings of the LNB, e.g., the lower voltage
selecting right hand circular polarization (RHCP) and the higher
voltage selecting left hand circular polarization (LHCP). The
current drain of the LNB is fairly constant with either of the
regulated power supply voltages. ’

The multiple output voltage current limiting
arrangement described above is well suited for a power supply
which provides multiple voltages to an LNB because of safety
features provided by the power supply. However, the invention is
not limited to such an application.
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1. A voltage regulator providing a plurality of
regulated output voltages, and current limiting for each of said
5 plurality of voltage settings, comprising:
~ an input termmal for receiving an unrcgulated DC
input voltage;

an output terminal for providing a DC output voltage;

means responsive to a control signal and coupled-

10 between the input terminal and the output terminal for regulating
“said DC output voltage;

means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a

15 second regulated DC voltages at the output terminal;

a first sensing means including a first voltage divider
for providing a first sensed voltage corresponding to the value of
the regulaied DC voltage,

a second sensing means including a second voltage

20 divider for providing a second sensed voltage corresponding to
the value of the current drawn by the load;

means responsive to the first and second sensed
voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold

25 value; and

means coupled to one of the first and second voltage
dividers for changing one of the first and second sensing voltages
when the regulated DC voltage is switched between the first and
second regulated DC voltages.

30
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10 4. A voltage regulator providing a plurality of -
regulated output voltages and current limiting for each of said
plurality of voltage settings, comprising:

an input terminal for receiving an unregulated DC
input voltage; -~

15 an output terminal for providing a DC output voltage

means responsive to a control signal and coupled
between the input terminal and the output terminal for regulating
said DC output voltage;

means for changing the control signal in respbnse to

20 the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
second regulated DC voltages at the output terminal;

a first sensing means including a first voltage divider
for providing a first sensed voltage corresponding to the value of

25 the regulated DC vdltage,

a second sensing means including a second voltage
divider for providing a second sensed voltage corresponding to
the value of the current drawn by the load;

means responsive to the first and second sensed

30 voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
value; and
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5. The voltage regulator of claim 4 wherein the
10 voltage dependent device is a diode poled to conduct when the
fegulated DC voltage is switched to the higher of the first and
second regulated DC voltages.

6. The voltage regulator of claim 4 wherein the means
15 responsive to the sensed voltages generates a signal for modifying
the control signal.

7. A voltage regulator providing a plurality of
regulated output voltages and current limiting for each of said
20 plurality of voltage settings, comprising:
an input terminal for receiving an unregulated DC
input voltage; , .
an output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
25 between the input terminal and the ‘output terminal for regulating
said DC output voltage;
means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
30 second regulated DC voltages at the output terminal;

a first sensing means for providing a first sensed
voltage corresponding to the value of the regulated DC voltage,

11
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term nal 46ni of an operational anplifier 46 where it is coﬂpar'e R _,,'.TM_LI. gﬁt: I
di vi ded down version of Vo, which is coupled to an inverti ng=H—tnput :
term nal 46i. The divided down version of Vo is derived froma tap at the
junction of series vol t ade SgFondesensing smeass 4forapevidingo dplseeonsbspased

out put term nalolfag %n@oﬂf&PBHdi‘rﬂg to! fige OKHIRE! of | thBabuREnAAhvnl By 4Re

provi des the cintrol signal V26 at 3 5 line 26-through isolation reS|stor

50. This arra ‘flnent provi des negati ve feedback which reduces or increases
the drive to transistor @ieaids tiespensiveato etheefirst andnseeask sensddcrease in

the [errd Syoltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
value; and

means coupled to one of the first and second sensing
means for changing one of the sensing the regulated DC voltage
10 -and the current provided by the regulated DC voltage to the load
when the regulated DC voltage is switched between the first and
second regulated DC voltages.

8. The voltage regulator of claim 7 wherein the first
15 and second sensing means are respective first and second voltage
dividers, and the means coupled to one of the first and second
voltage dividers is a diode poled to conduct when the regulated DC
voltage is switched to the higher of the first and second regulated
DC voltages.

20 _

9. The voltage regulator of claim 7 wherein the means
responsive to the sensed voltages generates a signal for modifying
the control signal.

25 10. The voltage regﬁlator of claim 7 wherein:

the regulating means comprising a first transistor of a
first type and having a first emitter electrode coupled to the input
terminal, a first base electrode, and a first collector electrode
coupled to the output terminal, and a second transistor of a type

30 complementary to the type of the first transistor and having a
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the output terminal, and a
second collector electrode coupled to the first base electrode.

12
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regul at ed out put voltage Vo. Capacitor 49, coupl ed between t[he outirf.AGED
anplifier 46 and term nal 46i, suppresses oscillation. Sw tching between

| ower and hi gher output voltage nodes is nade possible by transistor (B,
whi ch can be driven intold. ﬁh@Mtag@nngplatqronfrdmmi @éafurébwm ed to its

bﬁse elhect rode cbhgy 'gggomalamlsk_)gahm%ﬁ( Rt tlhl%h%\téfebndlsaﬁ{auaﬁ aegirt@ﬂ@plf_@ptessoaé
t hr ough resi st or_.di vi der : : e col l.ector, el ectrodge o ransi.stor

is coupled to Pé?‘ﬁ#%&f"&éﬁe@“ﬁé’& SIteE selegitadenah & valtaes: syhigd 1S @Ff ven
i nt o sat urati othan gbesregulatedi DCovopltege iat the adtplt vierminal. di vi der

resistor 44 thus nodifying the voltage divider ratio of resistors 42, 44.

The resulting change in_ V26, provided by cornparator_ anplifier 46, causes
t he out put vol tage at terlgi nat Yeltage U’égﬂi/ﬂtf’f:ffé’d supplyéng, &y reguldedage.

Tur ni ng now t ovblwagé olodlaaldw crbise nblock nednvedteiS PENB)Obf a satellite receiver
system comprising:
means for providing a first and second regulated
10 output voltages to the LNB, said second regulated voltage being
different from the first regulated voltage, and
means for providing first and second magnitudes of
current limiting for the respective first and second regulated
output voltages, the first and second magnitudes of current
15 limiting being substantially the same.

e rering

13. A voltage regulator providing a plurality of
regulated output voltages and current limiting for each of said
plurality of voltage settings, comprising:

20 an input terminal for receiving an unregulated DC
input voltage; ,
an output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
between the input terminal and the output terminal for regulating
: 25 said DC output voltage;
means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
second regulated DC voltages at the output terminal;

30 sensing means including first and second 'sensing
means for respectively sensing the regulated DC voltage and the
current provided by the regulated DC voltage to the load; said
sensing means in response to the sensed current, limiting the

13 —_—
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15 the present regufator, a vol tage divi der 58,'conprising
resistors 60, 62 and 64, is coupled between collector 16 of
and ground, with a tap at _the junction of resistors 62 and _ 64, bein

coupled to asurtemiesupplied itApthe tloadi fdiemsghe omagsdtuds &falsamqug%P 66.
A voltage diVvigdeeeds$ a chedNHotd NgaRry:ies 2 0 resistors 70 and 72, is

coupl ed between output termnal 1 nd grou% vm'f;h a tap at tBe Lunction
of the resistors 70, 72 [H&3%§ E%&"@dt?oo%{ﬂ n the, i (YHepPn nahpsmg
terrr} ngl 66nih ohearsp fof ic]gfan@&ng @rewf the meming 4meansanphiehi ehe G gudated
coupled to e t . | 1.1 h . | i
coupled to gconml 9@?&?&%25%@?& 7‘%%’?5}' qg]?br?{;\%gﬁt gécgfb%’?l‘;elglﬁg%tgﬁ Be

anplifier 66 vodtagssi, ect i ng V26 during nornal operation, as wll be
7" and terminal. 661 suporJSERRREI4 incfls CRHPUSIMG Y TIRT RehBistol imaa
first type and having a first emitter elecProcfe coupled to tLe input
terminal, a first base electrode, and a first collector electrode
10 coupled to the output terminal, and a second transistor of a type
complementary to the type of the first transistor and having a
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the output terminal, and a
second collector electrode coupled to the first base electrode, and
15 means coupled to the second emitter electrode for
maintaining the second emitter electrode at a voltage which is less

than the regulated DC voltage at the output terminal.

14. The voltage regulator of claim 13 wherein the
20 sensing means generates a signal for modifying the control signal.
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across resistor 72, prevents any AC signal received fromthg 3 (
iesi st orRAGED

from effecting anplifier 66. The conponent val ues of the

| THB 8155 7| HASUBEEN

dividers 58, 68, are as follows: resistor 60 = 1K ohns
3K ohns resistor 64 = 12K ohns resistor 70 = 2.

Fesistor 62 =
8K ohns 3 5

resistor 72 = 12K ohms Resistor 20, (3.3 ohns), devel ops a voltage

t her eacr oss proportional D{PALNODTATE mLm@dE lﬁﬂEG_ﬁEiT@RWH ages across

di.vi ders 58 and 68 are sli ght th%éI\&ke&h an é\ges

ABSTRACT

at the [err]

A voltage regulator (10) is switchable between a lower
regulated DC output voltage and a higher regulated DC output
5 voltage. Foldback current limiting is actuated in response to the
current drawn by the load when a current limiting threshold is
exceeded. The current limiting threshold is determined by the
voltage relationship at respective taps of a pair of voltage dividers
(60, 62, 64) (70, 72), with said relationship being effected by the
10 voltage appearing across a current sensing resistor coupled in

series with the load. The current limiting threshold

is adjusted to

be approximately the same for both the lower and the higher

regulated DC output voltages. This adjustment is accomplished

with a non-linear voltage dependent device (78), which is coupled
15 to one of the voltage dividers, and is actuated in the higher output

voltage mode.

FIGURE. 1
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6 taps of the two dividers are arranged to be slightly differ She %nRe laced
current drawn through resistor 20 is less than the threshold f ll]l“l
current, the action of voltage dividers 58 and 68 is such that

at termnal 66ni is nore positive than the voltage 5 at termnal . 66|_, and

the output voltage at terninal 74 is at or near the B+ voltage. ckhi s back

bi ases diode 76 and prevents the output of anplifier 66 fromintgdfering

with the dri at |ine 26 under normal operation. Thus, unl essr1 he

circuit is in thg @rp@nt limting node, nornal control of linetdh is

‘provi ded by a el 210,46, However, if the current drawn thr h

resi st or ¢ ¢ ol dback threshold current, thefvoltage op across

resistor 20 tausd Dl tage at the term palSPH6ni to pe slighER | ower
than the voltage at ferminal 66i. This forcggs the outppt volgg;e at
. ' =
o

=

o
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termnal 74 to go Io

66.  « Thi§ causes d E& RL

anplifier 46 to be ov r

reduced to nearly zero rfent at term nal

18 is reduced to nearly zero and out put voI tage Vo is. reduced to nearl y
zero volts. In this 2 0 manner, when the out Is short circuited or a
fault occurs in the |oad, thEL%LH@LIMENOEEAGBIF&QMwaW he
nom nal output current which is PFROY DA I CURR ERUL IMITING N Or nal
operation. For exanple, the output -current may be folded back from a
normal val ue of 350 mllianperes to about 10 mllianperes. Thus, 2 5
transistor QL is protecThik f applicatiom sidj eclateldt aoexx epaitewt t Apphiehtion

di ssi pati og ecgéé? Cfﬂ‘i{ §2t6tf§ ngh xéﬁr&lgb\?oltt & kggg d’;It%P’l’ t comﬁpremﬁ' 'Rd

fault is r regul’a rec §%r S

herewith

The present invention concerns voltage regulators, and.
more particularly, to a dual voltage voltage regulator with
foldback current limiting wherein the threshold for initjating

1 0 current limiting is maintained at approximately the same output
current for each of the output voltages.

' Voltage regulators, which use a controllable series
impedance device for maintaining a regulated output voltage
coupled to a load, are susceptible to- damage if a short circuit or

15 other fault is applied to the .dutput terminals of the regulator.
Such damage often is caused by excessive thermal dissipation of
the series impedance device or by greatly exceeding the current
rating of the series device. For this reason, it is common to
provide overload protection to prevent such damage to the

2 0 regulator. ,

One type of overload protection is current limiting in
what is known as a “foldback™ voltage regulator, such as is
disclosed in U.S. Patent No. 3,445,751 of Easter. Such a'regulator
provides output voltage regulation for a changing load until an

2 5 overload current threshold is reached. For load currents above
this threshold, the available output current decreases as the load
increases, with a corresponding decrease in the output voltage.

* The short-circuit current can be adjusted to be but a small fraction
of the full load current, thus minimizing the dissipation in the

3 0 series pass transistor. The voltage regulator of the present
invention is such a “foldback™ voltage regulator.

Some applications require a voltage regulator which is
capable of providing multiple output voltages. Accordingly, it is
desirable to provide a multiple voltage voltage regulator having

3 S current limiting overload protection for both output voltage
settings.

Briefly, the present invention concerns a voltage
regulator which is switchable between a lower regulated DC
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returns to normal operation. Voltage regulator 10 is a dualF vol t age vol tag
3 0 regulator. Wen the output voltage Vo is changed to th@athﬂqhﬁﬂﬁ 1995........

CD..,.i

vol tage, the fol dback threshold current at which current |isatdfag—tg=—i==
initiated, would al so be changed. The ahange in the fol dback threshol d
“current occurs because the voltage drop across the current sensing
resistor 20 \‘eutpdt velteger andha hsginer régulated, BCSopsputl voltage chmédlbaclbut

"the different I‘ﬁ I IP[' tl?ﬂﬁuﬁguﬁ’% egc[tu%éé@pgﬁer gghg%\B&) 6&% (ﬁﬁ‘f]erﬁG' t he

i ncrease in vo e acl 0ss tage frent d eS|r l e
since the protthet iloadaiwbedea tqlkmgnfst bnmkgmg attaesheld otsd exseedede r dbhed.

current limiting threshold is determined by the voltage
5 relationship at respective taps of a pair of voltage dividers, with
said relationship being effected by the voltage appearing across a
current sensing resistor coupled in series with the load. The
current limiting threshold is adjusted to be approximately the
same for both the lower and the higher regulated DC output
10 voltages. This adjustment is accomplished with a switching
device, which is coupled to one of the voltage dividers, and is
actuated in the higher output voltage mode.
. Reference can be had to the drawing which shows a
schematic of the present regulator according to aspects of the
15 present invention.

' Referring now to Figure 1, there is shown a voltage
regulator 10 according to aspects of the present invention.
Voltage regulator 10 can be switchable between a higher
regulated DC output voltage mode and a lower regulated DC output

2 0 voltage mode.
An unregulated direct current poWer supply source
~ (not shown) is connected between terminal 12 and a reference
poiential point 11 (e.g., ground). The emitter electrode 14 of
~ series pass PNP transistor Q1 is coupled to terminal 12. The
2 5 collector electrode 16 of transistor Ql is coupled to an output
terminal 18 through resistor 20. A load (LNB) is coupled between
output terminal 18 and reference point 11 (not shown). The base
electrode of transistor Q1 is coupled to a collector electrode of NPN
amplification transistor Q2 and to input terminal 12 through a
3 0 resistor 22. The emitter electrode of transistor Q2 is coupled to
output terminal 18 through a resistor 24 and to reference point 11
by resistor 30. The base electrode of transistor Q2 is cdupled to
receive a control signal, which will be"discussed more fully below.
Supply current flows from the DC supply source
35 coupled to terminal 12 through the emitter-collector path of
transistor Q1 and resistor 20 to output terminal 18 and the load.
The amount. of this current is controlled by the control signal
coupled to the base electrode of transistor Q2 via line 26, with the
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[err] In the present enhodinment, to maintain the same curr ; _
threshold in the higher voltage node, the voltage division|of dijVi AeJG 1885 s
altered by diode 78 coupl ed across resistor 60. The volt afjdadR op-aer-oss -
resistor 60 is chosen to be 5 | ess than Bhe threshold of for
of diode 78 in the | ower output voltage node. However, when regul ator 10

is switched i nvodtagee diogheacroskt agmsisioe, Qhebbimﬁﬁeidjﬂ@kécﬂgt&) d]frpdln?ﬁgosas
in its_ forwar

Girection, tnigbdiesed; Sltake iBHAE ShaiBimblil® 4870 & seistupr] 3g° Raupled
rel ationshi p etwhendihe cemiyer vmmq? agellepioiri eﬂ%&tmda} mflna(])i;, 6ﬁmntind?§(;|6m e
I Soralsyspratidsoscthe, dpnaf AR GOl L oot ot

output node CeBwpletely cut off. esistor 22, coupled between the emitter

electrode and the base electrode of transistor QIl, reduces the

effects of collector to base leakage currents in transistor QI. .

The complementary arrangement of transistors QlI, Q2

provides both voltage and current gain since the collector

10 electrode of transistor Q2 is coupled to the base electrode of

transistor Q1 and the output of the series pass arrangement is

taken from the collector electrode 16 of transistor Q1. Thus,

transistors Q1, Q2 are arranged as amplifiers within a feedback

loop with the loop gain determined by a feedback network

1'5 comprised of resistor 24 coupled from output terminal 18 to the

emitter electrode of transistor Q2, and resister 30 coupled to

ground.

To have the regulator operate with a lower difference
voltage between the input voltage Vin and the output voltage Vo,
2 0 and reduce power dissipation in transistor Ql, it is desirable that
transistor Q1 be driven into saturation at the highest output
voltages in the high voltage mode. Voltage divider resistors 24,
30 improve the efficiency of the series pass circuit to achieve
these attributes. |
25 Voltage V26, at line 26, is mathematically expressed as
follows: '

V26=Vbe of Q2+Vo(resistor 30/(resistor 30+resistor 24)).

3 0 If the Vbe of Q2 is 0.7 volts and the value of resistor 24 equals the
value of resistor 30, then:

V26 = 0.7 volts + Vo/2.

3 5 Since this arrangement lowers the voltage at the emitter of
transistor Q2 to substantially below the voltage Vo, it makes it
easier to drive Q2 harder since the voltage V26 can be a lower
voltage, thus allowing transistor Q1 to be more easily driven into
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exahpl e, W thout the' change in voltage divider 58, the curiflent 15

the lower regul ated output voltage, in the exgnp@ry 7. S; JQQ& !

t hreshol d at
enbodi nent ,

woul d be about 350 ma, and the current limting

TP |

the higher regulated output voltage woul4l be about 600 na. Wth the change
in voltage divider 58, the current limting threshold is about 350 nma for
each of the guaedratignpuihileO svibl tmgh&axdmgt hmrmlanZenhnohmemuvdimde- 78

raduce the SRANGRCOE ofefte " CERBGe VSR BhBaiet Fesistors, 24, 3D, R FEHES e

connect ed | mpads aransistor &k ican \hiet Hrivendeo 7¢hat ot er Nimel-y 0. Zil‘dliés Lehers
can be repl atg icaY eatakmaﬁ'bgltagc% ucﬁs{taﬁcmg HHse8s optdieneafsql jage

ni um di odes, LEDs,

sensitive

es can

vol t age d e,s{ép (2Cx oS 1§ggsse5!r a;_>§§§f ’fhus tgeguqator can operate with’

1o

15

20

25

a lower difference between the input voltage Vin and the output
voltage Vo, and with a resulting reduction in the power dissipation
in transistor Q1 when it is fully driven.

The lower difference between input and output
voltages is of particular importance in the higher output voltage
mode because the maximum value of voltage Vin is limited.
Additionally, since the control voltage applied to lead 26 is now
considerably lower than B+, operational amplifier 46, which
provides control signal V26, as will be discussed more fully below,
is not required to operate at output voltages near the value of B+
in order to drive transistor Q2 to saturate transistor Ql.

A resistor 28 is coupled between the emitter electrode
14 of transistor Q1 and the emitter electrode of transistor Q2, to
prevent the emitter electrode of Q2 from falling so low when the

output is short circuited, that operational amplifier 46 cannot

reverse bias the base-emitter junction of transis_tor'QZ to cut-off
transistor Q1. The ability to cause transistor Q1 to be cut-off is
important for current limiting, which will be discussed more fully
below. _

A reference voltage is provided by resistor 34 and
zener diode 36 connected in series between input terminal 12 and
ground, and the reference voltage is filtered by a capacitor 38.

"~ The reference voltage is coupled to a non-inverting (ni) input

30

35

terminal 46ni of an operational amplifier 46 where it is compared
to a divided down version of Vo, which is coupled to an inverting
(i) input terminal 46i. The divided down version of Vo is derived
from a tap at the junction of series voltage divider resistors 42
and 44 coupled between output terminal 18 and ground 11. The
output signal of amplifier 46 provides the. control signal V26 at
line 26 through isolation resistor 50, This arrangement provides
negative feedback which reduces or increases the drive to
transistor Q1 if there is a respective increase or decrease in the
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diodes. In the case of an LED, the diode itself may be a vilsual ir1|d’[ qﬁjﬁar‘gﬁﬁ
as to the operating node of the regulator. Additionally, Daig & -'
switching transistor can be used in place of diode 78. In SE,
presence or absence of a m croprocessor 3ignal, such as avail abl e at
termnal 53, can be used to initiate the switching of the divider resistors

when that sane églﬂ%%g{e ?&ﬁ?ﬁ?r§8gggél V!t 'éagicf'ft £ £§angqiBy HER}VEen the_ |

voltage. Sti M ol t age sén I'Ve device’can connec
el sewhere in opetpsit oheamplifigye 46 \Ar@ertgrmmalsﬁém $uppresses doseitiation. the

exenpl ary enbodi ment, opgkAtKIAG beIWEERT §6Wer4@nd@NFight? Aftput LMAthge
oper at i onal . . . L . .

modes is made possible by transistor Q3, which can be driven.into
'5 saturation by a control signal coupled to its base electrode frem a
control unit, (not shown), such as a microprocessor, through
resistor divider 51, 52. The collector electrode of transistor Q3 is
coupled to terminal 46i by resistor 54, and when transistor Q3 is
driven into saturation, resistor 54 is coupled in parallel with
1 0 divider resistor 44, thus modifying the voltage divider ratio of
resistors 42, 44. The resulting change in V26, provided by
comparator amplifier 46, causes the output voltage at terminal 18

to be switched to the higher voltage.
, Turning now to the foldback current limiting aspect of
15 the present regulator, a voltage divider 58, comprising series
resistors 60, 62 and 64, is coupled between collector 16 of
transistor Q1 and ground -with a tap at the junction of resistors 62
and 64 being coupled to an inverting input terminal 66i of
operational amplifier 66. A voltage divider 68, comprising series
2 0 resistors 70 and 72, is coupled between output terminal 18 and
ground, with a tap at the junction of the resistors 70, 72 being
coupled to a non-inverting (ni) input terminal 66ni of amplifier
66. Output terminal 74 of amplifier 66 is coupled to the cathode
of a diode 76, with the anode of diode 76 being coupled to control
25 lead 26. Diode 76 prevents operational amplifier 66 from
effecting V26 during normal operation, as will be discussed more
fully below. Capacitor 79, coupled between output terminal 74
and terminal 66i, suppresses oscillation. Capacitor *80, coupled
across resistor 72, prevents any AC signal received from the LNB
30 load from effecting amplifier 66. The éomponent values of the

- resistors in dividers 58, 68, are as follows:

resistor 60 = 1K ohms resistor 62 = 3K ohms
resistor 64 = 12K ohms resistor 70 = 2.8K
ohms
35 resistor 72 = 12K ohms -

Resistor 20, (3.3 ohms), develops a voltage thereacross
proportional to the output current. Thus, the voltages across
dividers 58 and 68 are slightly different, and the voltages at the
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operatlonal anplifiers have PNP input circuits which permift_.the MIAUG&B%
to still be operational when the voltages at the input te HH 5 are Very

| ow. However, it has been found thaté5 operational anplifiers having
NPN i nput circuits, typically are not operational when the voltages at the

i nput terninal gy eof omr :t\mndabmetrsoraeevakfan eldt &a;aSbé)egn h@wﬂddifr@ﬂentf
such NPN i npumﬁl rcui t at | on% | ] fllers 3 _ g(sj ‘&%t?h Hgl | frl e o
may | atch in ¢ REOY| GHITERY ATakeh  FPRER | Trpistode: bu Hirksholsly
is 1 0 | at chedfséldbaek ocurentit thel aa;oxanolf WdlltagmtdwatsnzeﬁSt and 68 1%l such
Cher e g o S U, ARG, A b0 e VRS
at terminal 66i, and the output voltage at terminal 74 is at or near
the B+ voltage. This back biases diode 76 and prevents the output
of amplifier 66 from interfering with the drive at line 26 under
normal operation.  Thus, unless the circuit is in the current
limiting mode, normal control of line 26 is provided by amplifier
10 46. However, if the current drawn through resistor 20 exceeds
the foldback threshold current, the voltage drop across resistor 20
causes the voltage at the terminal 66ni to be slightly lower than
the voltage at terminal 66i. This forces the output voltage at
terminal 74 to go low due to the large gain of operational
1§ amplifier 66. This causes diode 76 to be forward biased and
cause the operation of amplifier 46 to be overriden so that the
control voltage on line 26 is reduced to nearly zero volts. As a
result, the output current at terminal 18 is reduced to nearly zero
and output voltage Vo is. reduced to nearly zero volts. In this
2 0 manner, when the butput is short circuited or a fault occurs in the
load, the output current is “folded back” from ‘the nominal output
current which is provided to the load during normal operation.
For example, the output current may be folded back from a
normal value of 350 milliamperes to about 10 milliamperes. Thus,
2 5 transistor Q1 is protected from being subjécted to excessive .
thermal dissipation or overcurrent condition due to .a load fault.
When the load fault is removed, voltage regulator 10 recovers and
returns to normal operation.
Voltage regulator 10 is a dual voltage voltage
3 0 regulator. When the output voltage Vo is changed to the higher
voltage, the foldback threshold current at which current limiting is
initiated, would also be changed. The change in the foldback
threshold current occurs because the voltage drop across the
current sensing resistor 20 would remain the same for any
3 5 particular current, but the differential voltage coupled to input
terminals 66ni and 66i due to the increase in voltage across |
voltage dividers 58, 68. This is not desirable since the protection
afforded transistor Q1 and the load would be reduced.
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switched into the higher voltage mode, the higher voltage drop
across resistor 60 is sufficient to cause diode 78 to conduct in its
forward direction, thus changing the voltage division of divider 58
1 0 and the relationship of the difference voltage applied to terminals
66i and 66ni. This change of voltage divider 58 maintains
substantially the same foldback threshold current in the higher
voltage output mode as in the lower voltage output mode. For
example, without the change in voltage divider S8, the current
15 limiting threshold at the lower regulated output voltage, in the
exemplary embodiment, would be about 350 ma, and the current
limiting threshold at the higher regulated output voltage would be
about 600 ma. With the change in voltage divider 58, the current
. limiting threshold is about 350 ma for each of the dual output

2 0 voltages. _ |
_ In the present embodiment, diode 78 is a 1N914 diode
having a reasonably sharp “knee”. If it is desired to reduce the
sharpness of the conduction knee, a resistor (not shown) can be
connected immediately in series with diode 78. Alternately, diode
25 78 can be replaced by a plurality of series connected diodes.
Other voltage sensitive devices can also be used, such as
germanium diodes, LED’s, voltage dependent resistors, or zener
diodes. In the case of an LED, the diode itself may be a visual
indicator as to the operating mode of the regulator. ~ Additionally,
30 a relay or a switching transistor can be used in place of diode 78.
In such a case, the presence or ‘absence of a microprocessor signal,
such as available at terminal 53, can be used to initiate the
switching of the divider resistors when that same microprocessor
signal initiates the change in output voltage. Still further, the
3 § wvoltage sensitive device can be connected elsewhere in one of the

voltage dividers. '

It should be noted that in the exemplary embodiment,
operational amplifiers 46 and 66 are LM348 operational



is fairly constant with either of the régul ated power supply voltages.
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amplifiers to still be o‘perapional when the voltages at the input
terminals are very low. However, it has been found that
operational amplifiers having NPN input circuits, typically are not
operational when the voltages at the input terminals are lower
than about one -volt. It has been found that if such NPN input
circuit operational amplifiers are used, the amplifier 66 may latch
in the foldback current limiting mode, i.e., output terminal 74 is
latched to zero output volts, and will not recover to a normal
operating mode when the fault is removed from output terminal
18. However, there may be situations where this latching in a
“fail-safe” mode may be desirable. |

The present voltage regulator is useful in a direct
broadcast satellite receiver system which includes an outdoor
microwave antenna which can be aimed at a satellite to receive a
signal from the satellite. The signal received from the satellite is
amplified by a “low noise block converter” (LNB) mounted in very
close proximity to or on the antenna.

The output signal from the LNB is carried to an indoor
receiver by a coaxial cable. In order to supply power from the
indoor receiver to the LNB, as well as to control the polarization of
the LNB, a DC voltage is multiplexed onto the center conductor of
the coaxial cable. The circuits in the LNB are designed so that they
will function with either a lower power supply voltage or a higher
power supply voltage, with the dual supply voltages being used to
control polarization settings of the LNB, e.g., the lower voltage
selecting right hand circular polarization (RHCP) and the hig'her
voltage selecting left hand circular polarization (LHCP). The
current drain of the LNB is fairly constant with either of the
regulated power supply voltages. '

The. multiple output voltage current limiting
afrangement described above is well suited for a power supply
which provides multiple voltéges to an LNB because of safety
features provided by the power -suppl_y. However, the invention is
not limited to such an application.



C:LAI IVB, =T AS BCL\[ [ e’ HFP:LACAI\&LA‘ TE GH?’.’ET

vol t age regul ator providing a pl uralit) B‘ﬁ‘s“\:' @g out p t vI Itagesr A?F‘d@gﬁ
current limting for each of said 5 pl raI|t ..............................

conprising: an input termnal for recei'viong an unregul at ed "‘t“ﬁ'ﬁuu

vol tage; an output termi nal for providing a DC output voltage, neans
responsive to a control signal and coupled 10 between the mputW

and the out put & for regul ating said DC output volt
changi ng t he con]t% ignal in response to the magnitude 0?"']'“"“@." Hm '
DC vol tage, the magnitude of the control signal also being $w tchablwe for«"

providing a first and a 45 ASQRH{};%J ?Qgﬁﬁiﬁdppgvmhéaﬂeﬁlu%hf}h%fom put -

termnal; regulated output voltages, and current limiting for each of said
5 plurality of voltage settings, comprising:
an input terminal for receiving an unregulated DC
input voltage;
an output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
10 between the input terminal and the output terminal for regulating
said DC output voltage; |
means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
15 second regulated DC voltages at the output terminal;
a first sensing means including a first voltage divider
for providing a first sensed voltage corresponding to the value of
the regulaied DC voltage, .
a second sensing means including a second voltage
20 divider for providing a second sensed voltage corresponding to
the value of the current drawn by the load;
means responsive to the first and second sensed
voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
25 value; and
means coupled to one of the first and second voltage
dividers for changing one of the first and second sensing voltages
when the regulated DC voltage is switched between the first and

second regulated DC voltages.
30
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a first sensing means including a “m“uﬂc"lmll "ﬂ“ll der f | —Broviarn
first sensed voltage correspondin t he rec i?‘%@
vol tage, a second sensing neans i ncl ud |ng a"setond voltage 20

provi ding a second sensed vol tage correspondi ng to the val|u&aBft-he- cm‘reht
drawn by the | oad; neans responsive to the first and second Sensed voltages

for Iimting the current 2supphé aeblify etlire heer Wregldihe Imagheteidethd means

current d b | oad haol d 25

S5 one of the FPRBIEG, 15 Se s de*voﬁfaféé &?88?@ yoliBkH i ARGTRE Aigho! o
first and secopoletneecombldtagdenviien regelateduDgE ele!lEG/dSt&‘yétChS‘rdsW ttheed
between the fi hféhé}ngf SRECRTst Al 8&shdreldtBaePC voltages.

5
3. The voltage regulator of claim 1 wherein the means
responsive to the sensed voltages generates a signal for modifying
the control signal.
10 4. A voltage regulator providing a plurality of

regulated output voltages and current limiting for each of said
plurality of voltage settings, comprising:

an input terminal for receiving an unregulated DC
input voltage; _

15 an. output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
between the input terminal and the output terminal for regulating
said DC output voltage;

means for changing the control signal in response to

20 the magnitude of the regulated DC voltage, the magnitude of the
' control signal also being switchable for providing a first and a
second regulated DC voltages at the output terminal;

a first sensing means including a first voltage divider
for providing a first sensed voltage corresponding to the value of

25 the regulated DC voltage,

a second sensing means including a second voltage
divider for providing a second sensed voltage. corresponding to
the value of the current drawn by the load;

‘means responsive to the first and second sensed

30 voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
value; and
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vol tage regulator of claim 1 Wnerelq one.ef ?7t Agﬁf iggﬁt
and second voltage dividers is a di odet: n H&&:Eegul ated- -
DC voltage is switched to the higher of Xlhe first and second regul ated DC

voltages. 5 3. The voltage regulator of claim1l wherein the neans :
responsive to the sensed mehhsgesupjedeabas af shgnfitstf and nuetidnd npltage

control signal.gividers for changing the one of the first and second sensing
voltages when the regulated DC voltage is switched between the
first and second regulated DC voltages, said means being a voltage
5 dependent device made conductive when the DC regulated output
voltage is switched to the higher of the first and second output
voltages.

5. The voltage regulator of claim 4-w_herein the
10 voltage dependent device is a diode poled to conduct when the
regulated DC voltage is switched to the higher of the first and
second regulated DC voltages.

6. The voltage regulator of claim 4 wherein the means
15 responsive to the sensed voltages generates a signal for modifying
the control signal.

7. A voltage regulator providing a plurality of
regulated output voltages and current limiting for each of said
20 plurality of voltage settings, comprising: |
an input terminal for receiving an unregulated DC
input' voltage;
an output terminal for providing a DC output voltage
means responsive to a control signal and coupled
25 Dbetween the input terminal and the output terminal for regulating
said DC output voltage;
means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
30 second regulated DC voltages at the output terminal;

_'a first sensing means for providing a first sensed
voltage corresponding to the value of the regulated DC voltage,

L
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value; and

means coupled to one of the first and second sensing
means for changing one of the sensing the regulated DC voltage
and the current provided by the regulated DC voltage to the load
when the regulated DC voltage is switched between the first and

second regulated DC voltages.

8. The voltage regulator of claim 7 wherein the first
and second sensing means are respective first and second  voltage
dividers, and the means coupled to one of the first and second
voltage dividers is a diode poled to conduct when the regulated DC
voltage is switched to the higher of the first and second regulated

DC voltages.

9. The voltage regulator of claim 7 wherein the means
responsive to the sensed voltages generates a signal for modifying

the control signal.

10. The voltage regulator of claim 7 wherein:

the Tegulating means comprising a first transistor of a
first type and having a first emitter electrode coupled to the input
terminal, a first base electrode, and a first collector electrode
coupled to the output terminal, and a second transistor of a type
complementary to the type of the first transistor and having a
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the output terminal, and a
second collector electrode coupled to the first base electrode.
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for providing a first sensed voltage ¢
regul at-ed '‘DC vol tage, a second sensi ng
di vider for providing a second sensed
of the current drawn by the | oad; rrean P
sensed 3 0 voltages for I|mt|ng the current supplled to the Ioad when the
magni t ude of said current1 drai%'u tz)/ the | oa exce r] hol d val ue; and
[err] 11 . e voltage regulator o clax urther
comprising means coupled to the second emitter electrode for
maintaining the second émitter electrode at a voltage which is less

than the regulated DC voltage. at the output terminal.
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12. A voltage regulator for supplying a regulated
voltage to a low noise block converter (LNB) of a satellite receiver
system comprising: '

means for providing a first and second regulated

10 output voltages to the LNB, said second regulated voltage being
different from the first regulated voltage, and

means for providing first and second magnitudes of
current limiting for the respective first and second regulated
output voltages, the first and second magmtudes of current

15 limiting being substantlally the same.

13. A voltage regulator providing a plurality’ of
regulated output voltages and current limiting for each of said
plurality of voltage settings, 'comprising:

20 an input terminal for receiving an unregulated DC
input voltage; ‘

an output termmal for providing a DC output voltage;

: means responsive to a control signal and coupled
between the input terminal and the output terminal for regulating

25 said DC output voltage; _

means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
second regulated DC voltages at the output terminal;

30 , sensing means including first and second sensing
means for respectively sensing the regulated DC voltage and the
current provided by the regulated DC voltage to the load; said
sensing means in response to the sensed current, w,_,,
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means coupled to one of the first and SCﬁ_pg erﬁﬁi&b%ﬁﬁﬁg‘?tﬁh?—‘l\
the one of' the first and second sensed Ko (‘i’éﬂ% | at

ul 1
voltage is swtched between the first c-:-..‘:..'_iﬂ!f atel,:;%_,’f‘f?/b gaﬂg%%
sai d nmeans being a voltage 5 dependentt4devi ce made conductive when the
-out put DC regul ated voltage is switched to the higher of the first and
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voltage is sw te)&wédgoat beredholer valfuet he first and second regul ated DC
vol Lages, 5, The VoL 0% Lk oLl £ 2 Se ! 346 R TR0 xchine
control signal .means for changing one of the sensing means when the regulated
5 DC voltage is switched between the first and second regulated DC
voltages,

«w
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the regulating means comprising a first transistor of a
first type and having a first emitter electrode coupled to the input
terminal, a first base electrode, and a first collector electrode

10 coupled to the output terminal, and a second transistor of a type
complementary to the type of the first transistor and having a
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the output terminal, and a
second collector electrode coupled to the first base electrode, and

15 means coupled to the second emitter electrode for
maintaining the second emitter electrode at a voltage which is less
than the regulated DC voltage at the output terminal.

14. The voltage regulator of claim 13 wherein the
20 sensing means generates a signal for modifying the control signal.
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7. A voltage regulator providing a plurality of regul ated
and current linmting for each of said ‘fZngpgggeaJr g glfthqt;I
conprising: an input termnal for rec ving r@mm@tggul at 5‘
vol tage; an output term nal for provi mm%:mn gé“@ n‘eaHS"""""f_'_ """
responsive to a control signal and coupl ed 25 bet ween t he TThput term nal
and the output termnal for regulating said DC output’ vol tage; neans for
changi ng the control signal in response to the nagnitude of the regul ated
DC vol tage, the magnitude of the control signal also being swtchable for )

ormnals a f1rst sonsi ng Mes B b Rt gt e Eeg TTHL 4P
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ABSTRACT

l

LT '\‘!”

A voltage regulator (10) is switchable between a lower

regulated DC output voltage and a higher regulated. DC output

5 voltage. Foldback current limiting is actuated in response to the
current drawn by the load when a current limiting threshold is
exceeded. The current limiting threshold is determined by the
voltage relationship at respective taps of ‘a pair of voltage ‘dividers
(60, 62, 64) (70, 72), with said relationship being effected by .the

10 voltage appearing across a current sensing resistor coupled in
series with the load. The current limiting threshold is adjusted to
be approximately the same for both the lower and the higher
regulated DC output voltages. This adjustment is accomplished
with a non-linear voltage dependent device (78), which is coupled

15 to one of the voltage dividers, and is actuated in the higher output
voltage mode. |

FIGURE. 1
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10 either the sensing of the regulated DC vol tage or 01 RMM@WSHEET
provi ded by the regulated DC voltage to the | oad when thg regul at ed
voltage is switched between the first and second regul at =d3el'1)é3...\lnu..&g§§mx§.,
The vol tage Fegulator of claim7 wherein the first 1 5 Fd=secongd—Sensi-ng
means are respective first and second vol fage dividers, and the neans

coupled-to one of the first and second voltage d|V|ders Is a diode poled to
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claim7 wherein the means responsive to t he sensed vol tages generates a
signal for nodifying the control signal. 25 - 10. The vol tage

regulator of claim7 wher®i§: application is related to a patent application
5 docket-No. 87,648, entitled “Voltage Regulator”, concurrently filed
herewith.

The present invention concerns voltage regulators, and
more particularly, to a dual voltage voltage regulator with
foldback current limiting wherein the threshold for initiating

10 current limiting is maintained at approxlmately the same output
- current for each of the output voltages.

Voltage regulators, which use a controllable series
1mpedance device for maintaining a regulated output voltage
coupled to a load, are susceptible to damage if a short circuit or

‘15 other fault is applied to the output terminals of the regulator.
Such damage often is caused by excessive thermal diss1pauon of
the series impedance device or by greatly exceeding the current
rating of the series device. . For this reason, it is common to
provide overload prot’ection to prevent such damage to the

2 0 regulator. :

One type of overload protection is current limiting in
what is known as a “foldback” voltage regulator, such as is
disclosed in U.S. Patent No. 3,445,751 of Easter. Such a regulator
provides output voltage regulation for a changing load until an

25 overload current threshold is reached. For load currents above
this threshold, the available output current decreases as the load
increases, with a corresponding decrease in the output voltage.
The short-circuit current can.be adjusted to be but a small fraction
of the full load current,'thus minimizing the dissipation in the

3 0 series pass transistor. The voltage regulator of the present
invention is such a “foldback” voltage regulator.

Some applications require a voltage regulator which is
capable of providing multiple output voltages. Accordingly, it is
desirable to provide a . multiple voltage- voltage regulator having

35 current limiting overload protection for both output voltage

~ settings.. | .

' Briefly, the present invention concerns a voltage

regulator which is switchable between a lower regulated DC
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having a first
base eI_ect rode,

means conprising a first transistor of a f -r%%PW@AEaWdSHEET
emtter electrode coupled to the input terfinal,- Q-Egslg%
and a first collector el ectrode coupled t PHR ot Ut

terminal, and a second transistor of a type 30 conplenent@ary to the type
of the flrst transi stor and having a second base el ectrode coupled for
receiving the control signal, a second é#\tter electrode coupled to the

out put termnal
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voltage corresponding to the valuc of the currcnt drawn by the

'load,

10

15

means responsive to the first and second sensed
voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
value; and '

means coupled to the first or second sensing means for changing
cither the sensing of the regulated DC voltage or of the current provided
by the regulated DC voltage to the load when the regulated DC voltage is
sw1tched between the first and second regulated DC voltages

8. The voltage regulator of claim 7 wherein the first
and second sensing means are respective first and second voltage
dividers, and the meané coupled to one of the first and second _
voltage dividers is a diode poled to conduct when the regulated DC

. voltage is switched to the higher of the flrst and second regulated

20

DC voltages
. 9. The voltage regulator of claim 7 wherein the means
responsive to the sensed voltages generates a signal for modifying

-the control signal.

25

30

10. The voltage regulator of claim 7 wherein:
the Tegulating means comprising a first transistor of a

first type and having a first emitter electrode coupled to the input

terminal, a first base electrode, and a first collector electrode
coupled to the output terminal, and a second transistor of a type
complementary to the type of the first transistor and having a-
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the -output terminal, and a
second collector electrode coupled to the first base electrode.
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conpri sing neans coupled to the second enitter el ectrode” rr&igntEEBl |
the second enmtter electrode at a voltage which is |ess r@n@,th.e...r_.eg.u.l..a.t..ed f}
DC voltage at the output termnal. 12. A voltage regul at Gr=—provi=gi-ng-g=——-—I
plurality of regulated output voltages ard current limting for each of

said plurality of voltage settings, conprising: an input termnal for

2 BC out put volt age: - neand Ir eo bt ARt FEEER0E S SIARAN AT ESEpl ed
bet ween t he i npeoniprisingameans tbaptnd pot thersecoad emitteegelegtrode fard DC
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magmtude of ther g
than the regulated DC voltage at the output terminal.

12. A voltage regulator providing a plurality of
~ regulated output voltages and current limiting for each of said
plurality of voltage settings, comprising: :

an input terminal for receiving an unregulated DC
input voltage; o

an output terminal for providing a DC output voltage;

means responsive to a control signal and coupled .
between the input terminal and the output terminal for regulating

"+ said DC output voltage;

_ means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a
second regulated DC voltages at the output terminal;

' sensing means including first and second sensing
means for respectively sensing the regulated DC voltage and the
current provided by the regulated DC voltage to the load; said
sensing means in response to the sensed current, limiting the
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control signal also being switchable for providing a fi rst' REdL@GB‘ﬂENﬂ&riEL’T '
regul ated DC voltages at the output term nal; sensing nea

1 ncl
and second sensing neans for respectively sensi ng the regy| atigd., %E}g? %‘{% J
and the current provided by the regul at ediddC voltage to t SaHE——

sensing neans in response to the sensed current, limting the 11111111
111111 1112111112111121 * urrent.

supplied to the CYEEENAH suPPHed nﬁbﬂh?u&@%f‘"gﬁ?dt%ﬂé&?““de of said current

exceeds a threshold value,
means coupled to one of the first and second sensing
means for changi.ng one of the sensing means when the regulated
5 DC voltage is switched between the first and second regulated DC
voltages,

the regulating means comprising a' first transistor of a

first type and having a first emitter electrode coupled to the input

_ terminal, a first base electrode, and a first collector electrode '

10 coupled to the output terminal, and a second transistor of a type
complementary to the type of the first transistor and having a
second base electrode coupled for receiving the control signal, a
second emitter electrode coupled to the output terminal, and a
second collector electrode coupled to the first base electrode, and

15 means coupled . to. the second emitter electrode for
maintaining the second emitter electrode at a voltage which is less
than the regulated DC voltage at the output terminal.

13. The voltage regulétor of claim 13 wherein the
20 sensing means generates a signal for modifying the control signal.
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exceeds a-threshold val ue; neans coupled to one of the fl[ ,:@:ﬂd §er,:fcmd_-,_
sensi ng neans for changi ng one of the sensing neans when {fhe re uéaéég
voltage is switchéd between the first and second r egul ate DEXS VO 19931e,
regul ating .neans conprising a first transistor of a fi rst 1y1&e—.&&@£ having al
first emtter el ectrode coupled to the input terminal, a first base

el ectrode, and a first collector electrode 10 coupled to the output
term.nal, and a second transistor of a type conplenentary to the type of

the first transistor and having a second base electrode coupled for

acei ving the cont PO SPGREE REaEaRGE i ik Buitel CAPTSSBBORE ' (o e
output termnal, and a second collector electrode coupled to the first base
el ectrode, and 1 5 ~ " means coupled to the second emtter

el ectrode for

ABSTRACT

A voltage regulator (10) is switchable between a Iower
regulated DC output voltage and a higher regulated DC output
5 voltage. Foldback current limiting is actuated in response to the
current drawn by the load when a current limiting threshold is
exceeded. The current limiting threshold is determined by the
voltage relationship at respective taps of a pair of voltage dividers
(60, 62, 64) (70, 72), with said relationship being effected by .the
10 voltage appearing across a current sensing resistor coupled in
series with the load. The current limiting threshold is adjusted to
"be approximately the same for both the lower and the higher
‘regulated DC output voltages. This adjustment is accomplished
with a non-linear voltage dependent device (78), which is coupled
15 to one of the voltage dividers, and is actuated in the higher output
~ voltage mode. '

FIGURE. 1
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1. A voltage regulator providing a plurality of
regulated output voltages, and current limiting for each of said
5 plurality of voltage settings, comprising:
an input terminal for receiving an unregulated DC
input voltage;
an output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
10 between the input terminal and the output terminal for regulating
said DC output voltage; '

U means for changing the control signal in response to
the magnitude of the regulated DC voltage, the magnitude of the
control signal also being switchable for providing a first and a

15 second regulated DC voltages at the output terminal;

' a first sensing means including a first voltage divider
for providing a first sensed voltage corresponding to the value of
the regulaied DC voltage,

a second sensing means including a second voltage
20 divider for providing a second sensed voltage corresponding to
the value of the current drawn by the load;
means responsive to the first and second sensed
voltages for limiting the current supplied to the load when the
magnitude of said current drawn by the load exceeds a threshold
" 25 value; and |
means coupled to one of the first and second voltage
dividers for changing one of the first and second sensed voltages
when the regulated DC voltage is switched between the first and

second regulated DC voltages.
30 |
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means coupled to one of the first and second voltage
dividers for changing the one of the first and second sensed
voltages when the regulated DC voltage is switched between the
first and second regulated DC voltages, said means being a voltage
dependent device made conductive when the output DC- regulated

voltage is switched to the higher of the first and second output
voltages.

5. The voltage regulator of claim 4 wherein the
voltage dependent device is a diode poled to conduct when the
regulated DC voltage is switched to the higher of the first and
second regulated DC voltages.

6. The voltage regulator of claim 4 wherein the means

responsive to the sensed voltages generates a signal for modifying
the control signal.

7. A voltage regulator providing a plurality of
regulated output voltages and current limiting for each of said
plurality of voltage settings, comprising:

an input terminal for receiving an unregulatcd DC
input voltage;

| an output terminal for providing a DC output voltage;
means responsive to a control signal and coupled
between the input terminal and the output terminal for regulating
said DC output voltage;

means for changing the control signal in response to

the magnitude of the regulated DC voltage, the magnitude of the

~control signal also being switchable for providing a first and a

second regulated DC voltages at the output terminal;

a first sensing means for providing a first sensed
voltage corresponding to the value of the regulated DC voltage,

-
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