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Vol t age Regul ator Wth Fol dback Current 5 Limting",

herewi th. The present invention conggjs Emg A

particularly, a voltage regul ator \/\herel n(yltg‘) € efticl y of the regul ator
is inmproved. The present voltage regulator is useful in a direct broadcast
1 0 satellite receiver gHiseapplidutivh i 1lsclrame§dam Pateinoappliciomvockdte N

whi ch can be a te f t, ||
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converter" SLNEmiting s eeonauriamly c,fllngehBFQﬂ ty to or on the antenna. The
output signal fromthe W ipjesentr ifventionaton0eARr voltage regulators, and more

particularly, a voltage regulator wherein the efficiency of the regulator is
improved.

: The present voltage regulator is useful in a direct broadcast

1 0 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

15 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

2 0 dual supply voltages being used to control polarization settings of the
LNB, e.g., the lower voltage selecting right hand circular polarfzation
(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.

25 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 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

3 0 exceeding the current rating of the series device. For this reason, it is
common to provide overload protection to prevent such damage to the
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.

3 5 Patent No. 3,445,751 of Easter. Such a regulator provides output voltage
_regulation for a changing load until an 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



1 5 receiver by a coaxial cable. 1In order to supply po rrmsgmggthasjmﬁim)ri
receiver ,to the LNB, as well as to control the polarizatjon ofREmagidB, a i
DC vol tage is multi pI exed onto the center conductor of t :

The circuits ige t Eiicﬁf deSTlQé“%ﬂo cirdit éJ}f-‘éht"‘ﬂ:Ad ﬂq“’&ﬁgds?éh Yol 9?%&th§r

a’'l oner power s or a er power su he 2 0.
dual supply vém qizeqrhgp uﬁh?d PB MFGF%I ahuSZam%weegt rhﬁ*gghwpth in
LNB, e.g., thehe osmesvphssaqmnsseftbect Thg voltage hepdlator &fl die [presenit zialvieation

( RHCP) and t hgg hgugpeér‘v&ll& "S%‘Eﬁﬁ ?&4!5{& hand circul ar pol ari zation

(LHCP). The_curren al n alrly constant with either of the
regul ated pdwer supply vBPPhy&yrrentflows from the P pply epuree oﬁh§9“&th_ the
use a conlt{gl leadit R r<svliettor aMZtH@VS&@esf asliﬁltﬂtn%iitbﬂgt@ thegubaded The
SULELL o SORONE 40 anAl s ESuaneri i Sobiol YRR, hugebl Bt
Such damage ofoudpu svdmdtow exbesei olectresienwf $erics ppasontransisies sdai es
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1 0 feedback circuit configuration. In this way, with the voltage drop across

the emitter-collector path of the series pass transistor is adjusted to

maintain a regulated output voltage. ,

The series pass transistor incurs a voltage drop under full

load, and accordingly dissipates power as part of its regulating function.
15 It is desirable to minimize this power dissipation in the series pass

transistor to improve reliability of the series pass transistor, to reduce

the cost of the series pass transistor along with associated heat sinks, and

to improve the efficiency of the regulation at maximum output voltage

by minimizing the voltage difference between the unregulated input
2 0 voltage and the regulated output voltage.

Briefly, the present invention .concerns a voltage regulator
wherein the series pass transistor and an amplification transistor are of
complementary types. Supply current flows from the DC supply source
through the emitter-collector path of the series pass transistor to the

25 load. The amount of this current is controlled by a negative feedback
control signal coupled from the regulated output voltage to the base
electrode of the amplification transistor, which in turn drives the base of
the series pass transistor. The emitter elettrode of the amplification
transistor is coupled to a voltage which is less than the regulated DC

3 0 output voltage so that drive requirements for the pair of transistors is
reduced.

Reference can be had to the drawings wherein:
Figure 1 shows a schematic of a regulator according to
aspects of the present invention.
35 Figure 2 shows an illustrative modlflcatlon of a portion of the
regulator of Figure 1. _
Referring now to Figure 1, there is shown a voltage regulator
10 according to aspects of the present invention. Voltage regulator [0 .
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1s coupled to terminal 12. The 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

10 NPN amplification transistor Q2 and to input terminal 12 through a
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.

15 Supply current flows from the DC supply source 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 voltage drop across transistor Ql

2 0 being adjusted to maintain a regulated output voltage at terminal 18. A
resistor 32, coupled between the emitter and collector electrodes of QI,
continues to provide some current to the load even if transistor Q1 is
completely cut-off. Resistor 22, coupled between the emitter electrode
and the base electrode of transistor Q1, reduces the effects of collector to

2 § base leakage currents in transistor QI.

The complementary arrangement of transistors QI1, Q2
provides both voltage and current gain since the collector electrode of
transistor Q2 is coupled to the base electrode of tramsistor Q1 and the
output of the ‘series pass arrangement is taken from the collector

3 0 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 comprised -of resistor 24 coupled from output terminal
18 to the emitter electrode of transistor Q2, and resistor 30 coupled to
ground.

35 Additionally, the arrangement of transistors Q1, Q2 and
resistors 24, 30 has a further advantage of improving the efficiency of
by regulator 10, by reducing power dissipation losses in Q1 under heavy
load conditions, and reducing the drive requirements for transistors Ql.
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reliability of upper dimiteto ghesmaximuins rogylated roedipute voltage with respect to the
unregulated input voltage. Further, the 1.4 volt voltage drop across

1 0 transistor Q1 dissipates power in transistor QI. :
' 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
15 mode. Voltage divider resistors 24, 30 improve the efficiency of the

series pass circuit to.achieve these attributes. _
Referring back to Figure 1, voltage V26, at line 26, is

mathematically expressed. as follows:

20 V26=Vbe of Q2+Vo(resistor -30/(resistor 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:

23 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

3 0 transistor Q1 to be more easily driven into saturation while still
maintaining transistor Q2 in an active non-saturating state. Thus, with
divider resistors 24, 30, the series pass transistor Q1 can be driven so
that Vo = Vin - 0.2 volts (the typical saturation voltage for transistor Q1)
instead of at least 1.4 voltage, as discussed above. Thus, the regulator

35 can operate with 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.
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transistor Q1 and the emitter electrode of transistor Q2, to prevent the

1 0 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 transistor Q2 to cut-off transistor Ql. The ability to
cause transistor Q1 to be cut-off is important for current limiting, which
will be discussed more fully below.

15 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 to a divided down version of Vo,

2 0 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 arrangemert provides

2 § negative feedback which reduces or increases the drive to transistor Ql
if there is a respective increase or decrease in the regulated output
voltage Vo. Capacitor 49, coupled between the output of amplifier 46
and terminal 46i, suppresses oscillation.

Switching between lower and higher output voltage modes is

3 0 made possible by transistor Q3, which can be driven into saturation by a
control signal coupled to its base electrode from 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

3 5§ coupled in parallel with 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 required for LHCP by the LNB.
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input terminal 66i of operational amplifier 66. A voltage divider 68,
comprising series 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 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 load from effecting amplifier 66. The component 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

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 taps of the two
dividers are arranged to be slightly different. When current drawn
through resistor 20 is less than the threshold foldback current, the action
of voltage dividers 58 and 68 is such that the voltage at terminal 66ni is
more positive than the voltage 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 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 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
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shown) is connected between termnal 12 and a referenc pot ent-k-a
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10 Voltage regulator 10 is a dual voltage voltage 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
15 remain the same for any 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 prdtection
afforded transistor Q1 and the load would be reduced.
In the present embodiment, to maintain the same current
2 0 limiting threshold in the higher voltage mode, the voltage division of
divider 58 is altered by diode 78 coupled across resistor 60. The voltage
drop across resistor 60 is chosen to be less than the threshold of forward
conduction of diode 78 .in the lower output voltage mode. However,
when regulator 10 is switched into the higher voltage mode, ‘the higher
2 § 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 voltage output mode as in
30 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
3 5 current limiting threshold is about 350 ma for each of the dual outpul
voltages.

In the present embodiment, diode 78 is a 1N914 diodc
having a reasonably sharp “knee”. If it is desired to reduce the
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30 coupled 10 microprocessor signal, such as available at terminal 53, can be used to

1 0 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,

15 operational amplifiers 46 and 66 are LM348 operational amplifiers made

by National Semiconductor of USA. These operational amplifiers have

PNP input circuits which permit the amplifiers to still be operational

when the voltages at the input terminals are very low. However, it has

been found that operational amplifiers having NPN input circuits,

2 0 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

2 5 fault is removed from output terminal 18. However, there may be
situations where this latching in a “fail-safe” mode may be desirable.
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by regul ator 10, by reduci ng power dissipation |osses
load conditions, and reducing the drive requirenents for
4 ' REPLACEMENT SHEET Dat e: 20 JUL 1995 2. Figure 2 shows—

a portion of the series pass arrangement w thout the resi
up of resistors 24, 30 (resistor 24 is replaced by a shor'mggmnlﬂ "I
resistor 30 |@44\H¥15aced by an open circuit). In this arr

vol tage at the base of 1trgQsiql uq&b{-\eb uld be 5 0.7 volts above

the voltage Vo at out ut er he
g PY itnpuEn termm for recelvmg % unregulated DC voltage;

an output terminal for providing a regulated DC voltage;
5 regulating means coupléd between the input terminal
and the output terminal and having a characteristic responsive to a
control signal,
means for generating the control signal responsive to the
comparison of a version of the regulated DC voltage with a reference
10 voltage;

-ground. 3 5 Addi tionally, the arrangement: 1ofn{;srﬁsb$H§stggg,§R ed 2
-and resistors 24, 30 has a further advantage of inproyi ng mmg y of

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 complementary

15 type with respect to 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

means coupled to the second emitter electrode for

20 maintaining the second emitter electrode at a voltage which is less
than the regulated DC voltage at the output terminal.

2. The voltage regulator of claim 1 wherein the means
coupled to the second emitter electrode comprises a resistive voltage
25 divider coupled between the output terminal and a reference
potential, the second emitter electrode being coupled to a tap on the
voltage divider.

_ 3. The voltage regulator of claim 2 wherein the voltage
30 divider comprises resistors of equal value and the voltage applied to
the second emitter electrode is one half of the regulated DC voltage.
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unregul ated input voltage. Further, the 1.4 volt vol tageﬂﬂmﬂ Ellﬂli
transi stor QL di ssipates power in tran5| stor QL. To have t

operate with a lower difference voltage between the input, voltage Vin and

t he out put voltage Vo, and reduce power dissipation in transistor QL, it is
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of resistor 30, then: 2 5 - V26 = 0.7 volts + Vo/_g.,,SLm:e__
this arrangenent |owers the voltage at the emtter of fransistor Q2 to 1

substantially bel ow the voltage Vo, it nmakes it easier t'misd;héevms@mm
t or

i

since the voltage V26 can be a | ower voltage, thus allow
QL to be nore easily driven into y&wwﬁ&%MAEO&i | ngmglmﬂ
transistor Q2 in an active non-saturat ABSRFRACT Thus, w VI der
resistors 24, 30, the series pass transistor QL can be driven so that Vo =

Vin.- 0.2 volts (the typical saturation voltage for transistor Ql) instead
of at least 1.4 voltageA a¥olgage usgelatemovhereimhthe, series rpags| taosis®rs can

operate with @1)wad ghfimpHkieaibrt wadisidic (QRPUreV ot (@aRp¥ntmiag t he

out put vol 0& i{g aqgf\/\'%t hpa rESLtuIO'Ed' ngf redl(J%t ?.?nre Jn the power )

di ssi pati oft inY Ynsi-&fo mHIeT, lsrtigde; £, 9“{ﬂl‘i {ratjon transistor (Q2) is
coupled to a voltage which is less than the regulated DC output
voltage (Vo) so that drive requirements for the pair of transistors is
reduced, and the voltage difference between the unregulated input
voltage (Vin) and the regulated output voltage (Vo) is minimized

10 under maximum output voltage conditions.

FIGURE 1

11



REPLACEMENT SHEET Date :20 JUL 1995 The |ower difference bet ween i nput and

owt put voltages is of particul ar inport dhisShderHas Been/R Tuiput vol t age

node because t he maxi mum val ue of voltage , d. Mdgitional | Y,

si:nce the control voltage applied to | ead i sid @ | ower than
|

B+, operational 5 anplifier 46, which provides control signal 26, as wll
be di scusseg e fully below, is not required to operate at put

vol tages nedrd 6glaﬁle of B+ in order to drive transistor Q2 & saturate
transi stor (gal_zﬁ i itter el@ctrode 14 of
transi stor ( d the emtter electrode of tggnsistor |, t vent the 1
O emitter el odefof [@ from falling sq{(T®¥% when f§he ou is short
circuited, that opefatipnal anmplifier 46 ,LF reverge bi agx base-
emtter junction of hsistor 2 to cut-|o tfansist¢r Ql, eability to
(¥ (¥

<
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. cause transistor QL to be cut- ofﬂ is inmportant for current limting, which
w Il be discussed nore fully belom/ 15 IR T reference voltage i's
provi ded by resistor 34 and zener diode 36 conng (ﬂhsfhse

input terminal 12 and ground, and the reference vé

capacitor 38. The reference voltage is coupled to a no

input termnal 46ni of an operational anplifier 46 where 1t Is conpare

a divided down version of Vo. 2 0 which is coupled to an inverting (i)

input termnal 46i. The divided down version of Vo is derived froma tap
at the junction of series voltage divider resistors 42 and 44 coupl ed

bet ween out put termnal 18 and ground 11. The output signal of anplifier 46
provi des the control signal V26 at line 26 through isolation resistor 50.
Thi s arrangenent provides 2 5 negative feedback which reduces or increases
the drive to transistor QL if there is a respective increase or decrease in
the regul ated output voltage Vo. Capacitor 49, coupled between the out put
of anplifier 46

VIN "
@ AYRsT 13

02 LOAD

26

c;

J 1
GROUND =

FIG.2
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—
and terminal 46i, suppresses oscillation. Sw tching %éﬁEMENEISFm&m
hfgher out put voltage nodes is 3 0 made possible by szgtgm_qggﬁ whi
can be driven into saturation by a control signal cqu] F‘é& t+o-i-t.s..base
el ectrode froma control unit, (not shown), such as a mcropr
t hrough resistor divider 51, 52. The collector electrode of transi st or @
Is coupled to term nal 46i by resistor 54, and when transistor B is driven
i'nto saturation, resistor 54 is 3 5 coupled in paratlel wth divider
resistor 44, thus nodifying the voltage divider ratio of resistors 42, 44.

The resulting change in V26, proviVOUTAGEREGI ATOR anplifier 46, causes
the output voltage at termnal 18 to be switched to the higher voltage

"required for LHCP by the LNB. REPLLACEMENT SHEET
This application is related to patent application docket No.

87,004 entitled “Dual Voltage Voltage Regulator With Foldback Current
S Limiting”, concurrently filed herewith.

The present invention concerns voltage regulators, and more
particularly, a voltage regulator wherein the efficiency of the regulator is
improved.

The present voltage regulator is useful in a direct broadcast

10 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

1§ 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

2 0 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 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.

25 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 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

3 0 exceeding the current rating of the series device. For this reason, it is
common to provide overload protection to prev.ent such damage to the
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.
3 5 Patent No. 3,445,751 of Easter. Such a rcghlator provides output voltage
regulation for a changing load until an 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 >



6 Date :20 JUL 1995 Turning now to the fol dback current limting aspect of
t he present regul ator, a voltage divider 58, cq FERi stors
EMAOEMEN@'E?

60, 62 and 64, is coupl ed between collector 16 Tad ground,

with a tap at the junction of resistors 62 and {4 be d tg an
inverting 5 input term nal 66i of oper&tional & 2@%‘1 ------ A--volltage

di vider 68, conprising series resistors 70 and ¥2=F5—coupred petween
output termnal 18 and ground, with a tap at the junction of the resistors
70, 72 being coupled to a non-inverting (ni) input termnal 66ni of

anpl i fier 66theCoutpit veltagenal Thel sbirtegipduitf care@6can beoagjusted: &0 thee bohtahode

gg a g:oge %srﬂaﬂGfraW?bH 6F‘Qhélrl‘%ﬂel&fd @uﬁd@t 7t§g§éq]tlﬂﬁm%ih' |@d #Rsipatbholn | ead

2, 00, L A, LAY OBl i

coupled bet \A)éeﬁ“@htapufomb?crﬁ n¥4pltage Zeaplater-ni nal 66i, suppresses

oscil |l ati dh. Supply current flows from the DC supply source through the
emitter-collector path of the series pass transistor to the load. The
amount of this current is controlled by a control signal coupled from the
output voltage to the base electrode of series pass transistor via an
amplification transistor and other circuitry arranged in a negative

1 0 feedback circuit configuration. In this way, with the voltage drop across

the emitter-collector path of the series pass transistor is adjusted to
maintain a regulated output voltage.

The series pass transistor incurs a voltage drop under full
load, and accordingly dissipates power as part of its regulating function.

15 It is desirable to minimize this power dissipation in the series pass
transistor to improve reliability of the series pass transistor, to reduce
the cost of the series pass transistor along with associated heat sinks, and
to improve the efficiency of the regulation at maximum output voltage
by minimizing the voltage difference between the unregulated input

2 0 voltage and the regulated output 'voltage.

Briefly, the present invention concerns a voltage regulator
wherein the series pass transistor and an amplification transistor are of
complementary types. Supply current flows from the DC supply source
through the emitter-collector path of the series pass transistor to the

25 load. The amount of this current is controlled by a negative feedback
control signal coupled from the regulated output voltage to the base
electrode of the amplification transistor, which in turn drives the base of
the series pass transistor. The emitter electrode of the amplification
transistor is coupled to a voltage which is less than the regulated DC

3 0 output voltage so that drive requirements for the pair of transistors is
reduced.

Reference can be had to the drawings wherein:
Figure 1 shows. a schematic of a regulator according (o
aspects of the present invention.
35 Figure 2 shows an illustrative modification of a portion of the
regulator of Figure 1. _ ) )
Referring now to Figure I, there is shown a voltage regulator
10 according to aspects of the present invention. Voltage regulator 1o



Capaci tor 80, coupled across resistor 72, prevents any AC signal received 1
5 fromthe LNB load fromeffecting anplifier 66. The_cam ; = gl of
the resistors in dividers 58, 68, are as follows: 5
resistor 62 = 3K ohns resistor 64 = 12K_ohns

ohns resistor 72 = 12K ohms 2 0 3 Resi st
devel ops a voltage thereacross proportional to tHhle = :
the vol tages across dividers 58 and 68 are slightly different, and the
vol tages at the taps of the two dividers are arranged to be slightly

different. en_cur.r. oygh. resi e | e
threshol d fol '}igtke E{J‘“flr%(’a}%tb?g tal%%wtgg{'i gnp’fh?o%tg\%ﬁttgggg%i (\g}ftgg{r sr}mg%atggnén 06d8e S
such that theatd|a jgenregdateinRC GWHUL ¥OlAge MRS ti ve than the vol tage at

termnal 66i, and the @ui puhregulitede diredteraurnait 7power asupplynemurcée (Bt

vol tage. Thi sgfagly Q%a&ﬁﬁegﬂéﬂdﬁe&@ceﬁn%ﬂiﬁxpﬁtﬁ ahBeaOopdBéncef pateRtihf iRin6

fromi nterfserwg(e\./gf gr}:)ur?d)q”’ill?c %tmitter electrode 14 of series pass PNP transistor
Q1 is coupled to terminal 12. The collector electrode 16 of transistor Q!
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

10 NPN amplification transistor Q2 and to input terminal 12 through a
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.

15 ' Supply current flows from the DC supply source 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 tramsistor Q2 via line 26, with the voltage drop across transistor Ql

2 0 being adjusted to maintain a regulated output voltage at terminal 18. - A

" resistor 32, coupled between the emitter and collector electrodes of QI.
continues to provide some current to the load even if transistor Ql is
completely cut-off. Resistor 22, coupled between the emitter electrode
and the base electrode of transistor Q1, reduces the effects of collector to

2 5 base leakage currents in transistor Ql.

The complementary arrangement of transistors 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

3 0 electrode 16 of tramsistor Ql. Thus, transistors Ql, Q2 are arranged as
amplifiers within a feedback loop with the loop gain determined by 1
feedback network comprised of resistor 24 coupled from output terminal
18 to the emitter electrode of transistor Q2, and resistor 30 coupled to
ground.

35 Additionally, the arrangement of transistors Q1, Q2 and
resistors 24, 30 has a further advantage of improving the efficiency of
by regulator 10, by reducing power dissipation losses in QI under heavy
load conditions, and reducing the drive requirements for transistors QI.

Thus,



line 26 under normal operation.- Thus, unless the circuit is in the current
30 Ilinmting node, normal control of line 26 is provided by anplifier 46.
However, if the current drawn through resistor 20 exceeds the fol dback

threshold current, the voltage drop acr pss resi storj quUSES ge
at the terninal 66ni to be. slightly |ower than the EMENTSHEER ]| 66i .
This forces the output voltage.at termnal 74 to gofjl dLﬁOthLhﬂQSa e 3

5 gain of operational anplifier 66. This causes djLofe® #8-t-0be-f-61
bi ased and cause the operation of anplifier 46 to be overridéen so that the
control vol t aQe. olFiguree 226hoves aeplartiod bhH theagekiys zpaseo amadgement wWithaur ekell t

the output curdsaml, @ﬁvihgxr iR uésoti SediSYC A (5 NP&idthr 284 Qs ARplaced By a
REPLACEMENT Sﬂl%l%;r cl?%ueit 29:1 l%'ési:sLto?SZ%O is replaced by an open circuit). In this
arrangement, the voltage at the base of transistor Q2 (line 26), would be
5 0.7 volts above the voltage Vo at output terminal 18, and due to the
base-emitter voltage drops in transistors QI and Q2, Vo would be at least
1.4 volts below the input voltage Vin at terminal 12. This provides an
upper limit to the maximum regulated output voltage with respect to the
unregulated input voltage. Further, the 1.4 volt voltage drop across
1 0 transistor Q1 dissipates power in transistor QI. .
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 Ql be
_ driven into saturation at the highest output voltages in the high voltage
15 mode. Voltage divider resistors 24, 30 improve the efficiency of the
series pass circuit to achieve these attributes.
Referring back to Figure 1, voltage V26, at line 26, is

mathematically expressed as follows:

20 V26=Vbe of Q2+Vo(resistor 30/(resistor 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: '

25 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

3 0 transistor Q1 to be more easily driven into saturation while still

maintaining transistor Q2 in an active non-saturating state. Thus, with

divider resistors 24, 30, the series pass transistor Ql can be driven so

that Vo = Vin - 0.2 volts (the typical saturation voltage for transistor Q1)

instead of at least 1.4 voltage, as discussed above. Thus, the regulator

3 5 can operate with 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 '}'ully driven.



out put .voltage Vo is reduced to nearly zero volts. In this manner, when
the output is short circuited or a fault occurs in the |oad —the—6ausput

current is "folded back"” from the nom nal out pd gp[g ISHEETS
provided to the | oad during normal operation. E xarrpFME‘IMii

current may be fol ded back froma normal~val ue of
10 mlIlianperes. Thus, transistor QL is protect

out put 5

%gpe i | Juk Yes. flo about

rom h"“ cted to

excessive thernmal dissipation or overcurrent condition due to a load fault.
When the load fault is renoved, voltage regul ator 10 recovers and returns

to normal operation. e Ll vol t age
vol t age regul at or. n{l?‘ﬁéo‘gﬁrt Suﬁfe{%'f:f’ ag%%w% %I g p%tanﬁ‘t%es PJ ot
vol tage, the mrdbla]@k impes#asied iguthenhigher viiitput cmlr%ﬁﬁ MORE t lbﬁﬁa‘.‘%e 'the
initiated, wWouphgkiflus® Wtu€ vingsithge Vive ishanped.i nAHHHlorfablydbsmée tthe esdmtad

current occur

50 would 1 5 ?oﬁggé‘uﬁﬁ,lfegetov?%ahagg grlq@wa&;ng@gr oWere nSBQS' d}ﬁrél@éﬁ gtor

arti

di fferentlaﬁ woRIHier 46, which prov1 es contro sngna 5gntas wﬁl be discussed
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35

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 QI.

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 transistor Q2 to cut-off transistor Ql. 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) inp{lt 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 arrangemernt provides
negative feedback which reduces or increases the drive to transistor QI
if there is a respcctive increase or decrease in the regulated output
voltage Vo. Capacitor 49, coupled between the output of amplifier 46
and terminal 46i, suppresses oscillation.

Switching between lower and higher output voltage modes is
made possible by transistor Q3, which can be driven into saturation by a
control signal coupled to its base electrode from 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 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 required for LHCP by the LNB.



coupled to input termnals 66ni and 66i due to the increase in voltage
across voltage dividers 58, 68. This is not desi rable ection
afforded transistor QL and the |oad woul d be redueﬁmgmmpsaﬁﬂt

enbodi nent, to maintain the sane current6é2 0 |lim 'l ng yreagﬁ @n t
hi gher vol tage node, the voltage division of dividepatz ns d b

78 coupl ed across resistor 60. The voltage drop adeess—tesistor~66~+=
chosen to be less than the threshold of forward conduction of diode 78 in
the | ower output voltage node. However, when regulator 10 is switched into

the higher voltage noder, nl;rﬁg mcgpe o th% Y&'db?&? é‘li,rrpeq“aﬁgg rgs?egg 0§f GRel S

sufficient to cause dlode

changi ng t he DHIsERydeanIALS: oh ‘tﬁ‘a@vajﬂ’éﬁie%é ar?&"’cﬂ‘i’é"}gelséf‘f’%r{ﬁﬂﬁ?rf)fajfjhéz
di fference vohhdgstapplcoapled obdteern nedlieckdi 1amef Geémsistor TQI sandh grqypmdof with

vol tage divi dsr@Bﬁmh@ h@&oét&s}&%b@ by meeaaeangoéawté wﬁmrqng
current |ne5thl er v &aﬂeﬁ 86 .nﬁas L 6% h%I Yehe 8w18gre68
out put mod ‘Fﬂi’r‘ é?(ré‘h‘ﬁ‘ Phofberfieng &
comprising series resistors 70 an 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
10 76, with the anode-of diode 76 being coupled to control lead 26. Diode
76 prevents operational amplifier 66 from effecting V26 during normal
operation, as will be discussed more fully below. Capacitor 79, coupleq
between output terminal 74 and terminal 66i, suppresses oscillation.
Capacitor 80, coupled across resistor 72, prevents any AC signal received
15 from the LNB load from effecting amplifier 66. The component values of
the resistors in dividers 58, 68, are as follows:’

e
di ode

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

20 : Resistor 20, (3.3 ohms), devclops a voltage thereacross

. proportional to the output current. Thus, the voltages across dividers 58
and 68 are slightly different, and the voltages at the taps of the two
dividers are arranged to be slightly different. When current drawn
through resistor 20 is less than the threshold foldback current,the action

2 5 of voltage dividers 58 and 68 is such that the voltage at terminal 66ni is
more positive than the voltage 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

3 0 limiting mode, normal control of line 26 is provided by amplifier 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

3 5 gain of operational 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



vol tage divider 58, the current limting threshold at the |ower regul ated
out put voltage, in the exenplary enbodi nent, woul d he_about 350 ma. and the
current limting threshold at the higher regul ated QuLRITVE

the present enbodi nent, diode 78 is a |N914 di odel

sharp "knee". If it is desired to reduce the REPA V '3
:20 JUL 1995 8 sharpness of the conduction knee, a resistor (not shovvn) can
be output voltage Vo is reduced to nearly zero volts. In this 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

S current may be folded back from a normal value of 350 milliamperes to
about 10 milliamperes. Thus, 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.

10 Voltage regulator 10 is a dual voltage volitage 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

15 remain the same for any 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.

In the present embodiment, to maintain the same current

2 0 limiting threshold in the higher voltage mode, the voltage division of
divider 58 is altered by diode 78 coupled across resistor 60. The voltage
drop across resistor 60 is chosen to be less than the threshold of forward
conduction of diode 78 in the lower output voltage mode. However,
when regulator 10 is switched into the higher voltage mode, the higher

2 § 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 voltage output mode as in

30 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

3 § current limiting threshold is about 350 ma for each of the dual output
voltages. .

In the present embodiment, diode 78 is a IN914 diode
having a reasonably sharp “knee”. If it is desired to reduce the



connected imediately in series with diode 78. ﬁaaunl y._diode 78 can

be replaced by a plurality of series connected di BEPLACEM ﬁr,- e
sensitive devices can also be used, such as gerngpi um _di odes i, 5
vol tage dependent resistors, or zener djiodes. |1 bg 2 _______________________ LEPp, the

diode itself may be a V|sual I ndi cator "as to the 4 he
regul ator. Additionally, a relay or a swtching transistor can be used I n
pl ace of diode 78. 1In such a case, the presence or absence of a

m croprocessor signal, such as available at termnal 53, can be used to 1 0O
fnitiate thahagpmesshiong thef comductibinvi kitge, raesiesistos (mbenshéka) same be

m cr opr ocess Qnaked! iAbkiaR1gSi Nereba0a Idtot! Pt VRILAfely, Sitdde 73

further, the e sen VL ce connecte re I n._one of

e
the vol t age &?Ul% ep! aF?‘Fsbﬁoﬁl Hl“rﬂé‘ynBE;e‘&“ef Heannegted H’ eéxe fher (voltage
enbodi ment, bessitiper d¢vioesmalcaanplsof ber ssetl; such 668 mxeembM3nB dpmtest i KRBI's,

anpl i i er S5Ma@Raly dUBkAMUM reSRIBrEOBHUEHEF ¥dddSATn TRETASORST @hi DED), the

anplifiers h%todc 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

microprocessor signal, such as available at terminal 53, can be used to

10 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,

15 operauonal amphflers 46 and 66 are LM348 operational amplifiers made

by National Semiconductor of USA. These operational amplifiers have

PNP input circuits which permit the amplifiers to still be operational

when the voltages at the input terminals are very low. However, it has

been found that operational amplifiers having NPN input circuits,

2 0 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

25 fault is removed from output terminal 18. However, there may be
situations where this latching in a “fail-safe” mode may be desirable.




PNP i nput circuits which per stos'- 'S
.t'he voltages at the input tea]“lﬂ "m'g HHLE'" OW. jo

found that operational anplifisers (e 7]
are not operational when the voltages t he |nput ! Mmm\nescl@mer t han
about one volt. It has been found that 1f such NPN j ' '
operational anplifiers are used, the. anplifier 66 :
fol dback current limting node, i.e., output term nall 7& rs—+atched L.§) zero
out put vol tsClaalM8t || not recover to a nornal operatl ng node when the 2 5,

faul't- is removed from 4 OUtR“\rrolEfg;]cmrg@*lgtﬁo? gﬁyiﬁng there may be

situations where this latching sirabl e. 9
REPLACEVENT SHEET Dat e inpy{ tgesping)gtor recexvmg a unreg ated DC voltage;

an output terminal for providing a regulated DC voltage;
5 regulating means coupled between the input terminal
and the output terminal and having a characteristic responsive to a
control signal,
"means for generating the control signal responsive to the
comparison of a version of the regulated DC voltage with a reference
10 voltage;

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 complementary

15 type with respect to 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

means coupled to the second emitter electrode for

20 maintaining the second emitter electrode at a voltage which is less
than the regulated DC voltage at the output terminal.

2. The voltage regulator of claim 1 wherein the means
coupled to the second emitter electrode comprises a resistive voltage
25 divider coupled between the output terminal and a reference
potential, the second emitter electrode being coupled to a tap on the
voltage divider.

3. The voltage regulator of claim 2 wherein the voltage
30 divider comprises resistors of equal value and the voltage applied to
the second emitter electrode is one half of the regulated DC voltage.
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A voltage regulator wherein the series pass transistor
(Q1) and an amplification transistor (Q2) are of complementary
5 types. The emitter electrode of the amplification transistor (Q2) is
coupled to a voltage which is less than the regulated DC output
voltage (Vo) so that drive requirements for the pair of transistors is
reduced, and the voltage difference between the unregulated input
voltage (Vin) and the regulated output voltage (Vo) is minimized
10 under maximum output voltage conditions.
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1. A voltage regulator comprising:
an input terminal for receiving unregulated DC
voltage;
5 an output terminal for providing a regulated DC
voltage;

regulating means coupled between the input terminal
and the output terminal and having a characteristic
responsive to a control signal;

10 means for generating the control signal responsive to
the comparison of a version of the regulated DC voltage
o with a reference voltage;

the regulating means comprising a first transistor of
a first type and having a first electrode coupled to the
15 output terminal, and a second transistor of a complementary
type with respect to the first transistor and having a
second electrode, the second transistor coupling an
amplified version of the control signal to the first.
transistor, the first and second transistors amplifying the

20 control signal in a cascade arrangement, and
first and second resistances comprising a voltage
divider coupled between the output terminal and a reference
potential with the second electrode of the second
transistor coupled to a junction of the first and second
~ 25 resistances, the first and second resistances being

included within a feedback loop including the first and
second transistors.

2. The voltage regulator of claim 1 wherein the
voltage divider resistances reduce the voltage applied to
30 the second electrode to a magnitude less than the regulated
DC output voltage so that the control voltage necessary to
drive the second transistor into saturation is less than
the regulated DC output voltage.

3. The voltage regulator of claim 1 wherein a third
35 resistance is coupled between an emitter electrode and a
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tage regulator of claim 1 wherein a fourth
resistance is coupled between an emitter electrode and a
base electrode of the first transistor for reducing the
effect of collector electrode to base electrode leakage
currents in the first transistor.

5. The voltage regulator of claim 1 wherein a fifth
resistance is coupled between an emitter electrode of the
first transistor and an emitter electrode of the second
transistor to provide a voltage bias with respect to the
reference potential for the emitter electrode of the second
transistor.

6. The voltage regulator of claim 3 wherein a fourth
resistance is coupled between the emitter electrode and a
base electrode of the first transistor for reducing the
effects of collector electrode to base electrode leakage
currents in the first transistor.

7. The voltage regulator of claim 3 wherein a fifth
resistance is coupled between the emitter electrode of the
first transistor and an emitter electrode of the second
transistor to provide a voltage bias with respect to the
reference potential for the emitter electrode of the second
transistor.

8. The voltage regulator of claim 4 wherein a fifth
resistance is coupled between the emitter electrode of the
first transistor and an emitter electrode of the second
transistor to provide a voltage bias with respect to the
reference potential of the emitter electrode of the second
transistor.
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9. The voltage regulator of claim 1 wherein a third
resistance is coupled between an emitter electrode and a
collector electrode of the first transistor for providing
current to the load independent of the first transistor,

a fourth resistance is coupled between the emitter
electrode and a base electrode of the first transistor for
reducing the effect of collector electrode to base
electrode leakage currents in the first transistor, and

a fifth resistance is coupled between the emitter
electrode of the first transistor and an emitter electrode
of the second transistor to provide a voltage bias with
respect to the reference potential for the emitter
electrode of the second transistor.

10. The voltage regulator of claim 1 wherein the
feedback loop is a negative feedback loop.
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VOLTAGE REGULATOR
ABSTRACT

A voltage regulator wherein the series pass transistor
(Q1) and an amplification transistor (Q2) are of complementary
types. The emitter electrode of the amplification transistor (Q2) is
coupled to a voltage which is less than the regulated DC output
voltage (Vo) so that drive requirements for the pair of transistors is
reduced, and the voltage difference between the unregulated input

voltage (Vin) and the regulated output voltage (Vo) is minimized

under maximum output voltage conditions.

FIGURE 1




