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ABSTRACT OF THE DISCLOSURE

A vehicular alternator control circuit having a tem-
perature responsive reference voltage generator which
establishes a temperature controlled reference voltage
compared with the battery or alternator generated volt-
age. The comparison results in a control signal which
turns a control switch on and off for alternately supply-
ing full voltage to the alternator field coil or mome. A
flywheel diode across the alternator field windings keeps
the alternator generating voltage during periods of zero
field voltage supply. A zone of voltage is provided between
which the alternator voltage oscillates in magnitude and
filter means are provided in the circuit for smoothing a
response of the control circuit.

BACKGROUND OF THE INVENTION

This invention relates to the control of voltage genera-
tion and particularly to control of that voltage generation
provided by a motor driven alternator.

It has been desired for several years to provide a com-
pletely solid-state control circuit for a vehicular motor
driven alternator. Problems involved in the provision of a
solid-state control circuit include the power dissipation
capacity of the controlling element and the stability of the
control circuit. Electronic or solid-state devices are much
faster than the alternator response, and therefore, the
design has to accommodate the difference in responsive-
ness. It is also desired that the entire control circuit be
integrated on one monolithic silicon chip. To this end the
number of components should be minimized. In some
voltage regulator systems, such as those used in automo-
tive electrical systems, the generated voltage should vary
in accordance with temperature changes. At below 0° C,
for example, the voltage generated by the alternator for
charging a battery should be maximum since at the
colder temperatures the battery requires a higher voltage
to accept a given charge level. At the higher tempera-
tures, it is desired to reduce the voltage generated such
that the battery will not overcharge. Such temperature
responsive voltage generators are also useful to supply
electrical signals indicative of temperature at remote
sites therefor'

SUMMARY OF THE INVENTION

It is an object of this invention to provide an improved
control circuit for a vehicular alternator which facilitates
integration thereof into a single monolithic silicon chip.

It is a further object of this invention to provide a
solid-state alternator control circuit having a fast-acting
temperature response to provide charging of a battery in
accordance with temperature within a predetermined
range.

1t is a further object of this invention to provide a
control circuit for a vehicular alternator having good
stability and fast response.

It is another object to provide an improved tempera-
ture-responsive control circuit for a device which indicates
its operational state by an electrical signal.
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One embodiment of the present invention includes the
features of a temperature responsive circuit having upper
and lower output voltage amplitude limits and which
voltage varies substantially inversely proportional to
temperature between such limits. The temperature re-
sponsive generated voltage is used as a reference voltage
and is supplied to a comparator in which it is compared
with the voltage being generated. The comparator sup-
plies a control voltage indicative of the difference in mag-
nitudes. A control switch receives the control voltage and
is responsive thereto to rapidly actuate an alternator field
or other device or deactivate it. The control switch has
voltage hysteresis for providing a zone in which the volt-
age generated by the alternator oscillates between an
upper and a lower magnitude. Filter means may be pro-
vided to smooth out the oscillating voltage.

THE DRAWING

FIG. 1 is a schematic and block diagram of an embodi-
ment of the present invention.

FIG. 2 is a graph illustrating an idealized output voltage
wave form of the FIG. 1 circuit. )

FIG. 3 is a graph showing the output voltage variation
with respect to temperature of the FIG. 1 circuit.

FIG. 4 is a schematic diagram of an equivalent circuit
for the temperature respomsive portion of the FIG. 1
circuit,

DESCRIPTION OF THE ILLUSTRATIVE
EMBODIMENTS

Referring now more particularly to the drawings, like
numbers indicate like parts and structural features in the
various diagrams.

Referring first to FIG. 1 there is shown in block and
schematic form a control circuit embodying the teachings
of the present invention together with an alternator shown
in schematic form. The alternator 10 supplies an AC
voltage to rectifier 11 which converts the same to a DC
voltage for charging battery 12 to a predetermined volt-
age. Alternator 10 is inductively associated with the usual
field coil 13. Ignition switch 14 selectively connects bat-
tery 12 to load 15 which schematically represents the
various electrically operated devices in a vehicle. During
the time that switch 14 is closed, amplifier 16 is alternately
switched on and off by the later-described control circuit
to selectively and repetitively draw current from battery
12 over line 17 through field coil 13. When amplifier 16
is nonconductive the energy stored in field <coil 13 causes
a current flow through diode 18 in the direction indicated
by loop arrow 19. Therefore, during the period of non-
conductance of amplifier 16, current continues to flow
through field coil 13 to continue the generation of AC
voltage in alternator 10. Diode 18 is referred to as a
so-called “flywheel” diode in that it provides a current
path for the coil 13 collapsing field caused current. Diode
18 also limits the voltage across field coil 13.

Amplifier 16 is controlled by control switch 20 which
has voltage hysteresis for establishing a zone of voltage
through which the amplitude output of rectifier 11 os-
cillates as described with respect to FIG. 2. Line 21 shows
in idealized form the variation of the rectifier 11 output
voltage with respect to time and represents the regu-
lated voltage supplied by alternator 10. Alternator 10 out-
put voltage is set at V; indicated by line 22 and has an
upper limit, V,, indicated by line 25 and a lower limit,
V1, indicated by line 23. The zone of voltage magnitudes
between lines 23 and 25 is determined by control switch
20. The increasing voltage indicated by line 24 indicates
the period of time during each control cycle when ampli-
fier 16 is conducting current and thereby drawing cur-
rent from battery 12 through coil 13. Decreasing voltage
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_magnitude indicated by line 26 indicates the period of time
during each control cycle when amplifier 16 is noncon-
ductive and the voltage being generated is due to the
loop current 19 flowing through flywheel diode 18. The
zone 23, 25 in a twelve-volt vehicular system may be
about 0.1 volt, for example.

Referring again to FIG. 1, battery 12 voltage is sup-
plied. over line 30 labeled “sense voltage” .to voltage
smoothing or filter circuit 31 for filtering the oscillatory
portion 21 (FIG. 2) of the rectified voltage. Such oscil-
latory portion has a frequency between 1,000 hertz and
2,000 hertz, for example. Voltage smoothing circuit 31
may consist of voltage divider or potentiometer 32, re-
sistor 33 and capacitor 34 connected as shown. The cir-
cuit is designed to eliminate the 1,000 hertz signal. The
smoothed voltage is supplied over the line 35 to voltage
sensing and comparison circuit 36. Circuit 31 is not re-
quired for successful operation of the system. For ex-
ample, capacitor 56 in control switch 20 is sufficient to
make the system nonresponsive to the oscillatory portlon
of the rectified voltage

Voltage sensing circuit 36 consists of a differential am-
plifier 37 having one input circuit connected to line 35.
Transistors 38 and 39 comprise a Darlington pair for pro-
viding a high input impedance from line 35 to differen-
tial amplifier- 37. Transistor 39 also forms one-half of
amplifier 37. A reference voltage from line 40 is supplied
to the base electrode of transistor 41, the second haif of
differential amplifier 37.

Common-emitter resistor 42 provides bias for transis-
tors 38, 39, and 41. Load resistor 43 is connected between
the collector electrode of transistor 41 and load voltage
line 44. The resultant comparison voltage is supplied as
a control voltage over line 46 to control switch 20. Dif-
ferential amplifier receives collector current on one side
from sense voltage line 30 while on the other side load
resistor 43 is connected to the load voltage line 44 and
is therefore disconnected from battery 12 when switch
14 is opened. This connection is provided to prevent cur-
rent drain from battery 12 when load 15 is not in use,
i.e., the system is turned off.

Control switch 20 is recognized as a complementary
type transistor switching pair consisting of PNP transis-
tor 50 and NPN transistor 51. Resistance divider 52, 53
is connected to line 44 for supplying a supply voltage to
the switch. When switch 14 is open, control switch 20 is
nonconductive, i.e., open. It is well known that transistors
50 and 51 when connected as shown will switch to a
highly conductive state when the voltage on line 46 reaches
a certain positive magnitude with respect to ground ref-
erence potential. At a lower potential on line 46 with
respect to ground reference potential transistors 50 and
51 will rapidly switch to a nonconductive state. When
switch 20 is conductive, the voltage on line 54 is essen-
tially at ground reference potential because of the low
impedance of conductive transistor 51. As such, amplifier
16, shown as a Darlington connected transistor pair 55,
is also nonconductive. However, when transistor 51 is
nonconductive, a relative positive voltage is supplied over
line 54 to make Darlington pair 55 highly conductive.

While it is desirable that the complementary transis-
tors 50, 51 switch quite rapidly to reduce power dissipa-
tion in amplifier 16, the switching may be so fast that
radio frequency interference from the rapidly changing
field current may result. To slow down the switching of
control switch 20, a filter capacitor 56 may be connected
as shown.

The reference voltage on line 40 supplied to voltage
sensing circuit 36 is generated by the reference voltage
generation circuit 60 consisting of a temperature respon-
sive voltage (slope) generator 61. Also included is high
voltage reference 62 which sets low voltage reference cir-
cuit 63. The low reference voltage circuit 63 supplies a
voltage pedestal for the temperature-responsive voltage-
generation circuit 61, as will be described. The tempera-
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ture responsiveness of the circuit 60 is limited to a maxi-
mum voltage C1 by low temperature clamp 64 and to a
lower voltage amplified limit C2 by high temperature
clamp 65 (see FIG. 3). Voltage divider 66 is used to
provide a reference voltage to high temperature clamp
65. The voltage variation of circuit 60 is shown in FIG. 3
wherein at 0° C. the reference voltage on line 40 is at
maximum amplitude C1 determined by low temperature
clamp 64 clamping the output line 40 to the high voltage
reference 62. Similarly, at 100° C. the reference voltage
on line 40 is clamped at lower-amplitude limit voltage C2
by clamp 65. Intermediate the temperature limits 0° C.
and 100° C., the slope generator 61 supplies a voltage
across its terminals 67 and 68 which varies inversely with
temperature to provide a  substantially linear slope 69,
as shown in FIG. 3, between the limits of 0° and 100° C.
Such voltage variation is useful to provide a constant
charge rate to a battery irrespective of environmental tem-
perature. At temperatures colder than 0° C. and warmer
than 100° C. the voltage generated may vary slightly
from the clamped magnitudes due to imperfect diode
clamping action.

Operation of temperature responsive voltage generator
61 is now described. It will be shown that the voltage
between generator terminals consisting of lines 67 and 68
varies inversely with respect to temperature between 0°
and 100° C, Temperature variation is caused by a tem-
perature responsiveness of the base-to-emitter junction
or diode of tramsistor 70 which serves as a temperature
sensing means. It is well known that such temperature
characteristic is negative with respect to temperature, that
is, as the temperature increases, the forward voltage drops
across the diode decreases. The rate of change of a typi-
cal base-to-emitter diode or junction is about minus 2
millivolts per degree centigrade temperature change, The
temperature responsive generator 61 can be analyzed as
having two parallel current paths; one path comprising
transistor 70 with current limiting resistor 71 and the
second path comprising the voltage divider consisting of
resistor 72 which in the following analysis has resistance
value R2 and resistor 73 having resistance R1. First, it
should be noted that the base-to-emitter diode of tran-
sistor 70 is in parallel circuit relation to resistor 72, and
thereby, regulates or controls the voltage drop there-
across in accordance with the temperature responsive
voltage drop normally associated with a forward-biased
base-to-emitter diode. Such voltage has an amplitude ¢,
the temperature responsive voltage across resistor 72.

Next, derivation of the equivalent circuit of the temper-
ature responsive generator 61, is described to show the
generator 61 temperature responsiveness. An electrical
current, having amplitude I, flows from line 67 to line
68 through generator 61. The temperature responsive
voltage generated in generator 61 as a result of such cur-
rent flow is equal to

$(R1+R2)/R2

This voltage can be viewed as a temperature responsive
battery. Since generator 61 is not perfect, there is in-
cluded in the equivalent circuit (not shown) a series re-
sistance equal to R1/(B+-1), the dynamic impedance of
generator 61, B is the base-to-collector current gain of
transistor 70.

The current I, flowing from line 67 to line 68, is equal
in magnitude to the sum of the currents flowing through
transistor 70 and resistor 73. Since the emitter-to-base
diode of transistor 76 determines the voltage across re-
sistor 72, the current flow through resistor 72 need not
be separately considered, The transistor 70 base current
ip, flowing on line 74, controls the current conductivity
of transistor 70. Therefore, the current flowing from the
collector electrode to the emitter electrode of transistor
70 (also the current through resistor 71) is equal to B
i, wherein B.is the current gain of transistor 70. The
current through resistor 73 has two components, The first
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current component also flows through resistor 72 and has
an amplitude ¢/R2, it being remembered that the voltage
across resistor 72 is determined by the voltage drop
across the base-to-emitter diode of transistor 70. The
second component is the base current flowing over line 74
equal to i, Therefore, the total current I is represented
as:

I=Biy+ip+o/R2 (n

The potential difference V between lines 67 and 68 is
equal to the current I times the impedance of the circuit:

V=(¢/R2+1iy)R1+¢ (2)
The above equation represents the voltage drop across
the voltage divider 72, 73 with the left-hand term repre-
senting the voltage drop across resistor 73 (R1) while
¢ is the voltage drop across resistor 72.
Solving Equation 1 for the base current iy:

w=(I—¢/R2)/(B+1) (3)
Factoring Equation 2:
V=¢(R1/R2)+Rliy+¢ (4)

Substituting Equation 3 into Equation 4 and rearrang-
ing:
V=¢(R1/R2)+¢+R1(I—¢/R2)/(B+1)
Factoring:
V=¢(B1/R2+¢-+(R1)(I)/(B+1)—R1(¢/R2)/(B+1)
(6)

(5)

Factoring out the term ¢:
V=¢{R1/R24+1—R1/[(R2)(B+1)1}-+IR1/(B+1)

(7)

In Equation 7 the term on the left-hand side multiplied

by ¢ is the temperature responsive generator portion while

the right-hand term is the voltage drop due to the current

I flowing through the incremental impedance R1/(B+1),

the temperature responsive voltage gemerator 61. In
practice the term

—R1/(R2)(B+1)

is negligible; the Equation 7 may be simplified to:
V=¢(R1/R2+1)+IR1/(B+1) (8)

Equation 8 is a mathematical representation of the
equivalent circuit (FIG. 4) of temperature responsive
‘circuit 61 wherein the voltage between lines 67 and 68
is formed by the temperature responsive portion and
an incremental and dynamic impedance portion,

At the low temperature of 0° the circuit 60 is designed
such that the voltage at terminal 67 will be equal to or
greater than the Zener or reverse avalanche voltage of
diode 77 in high voltage reference circuit 62. Therefore,
as circuit 61 tends to provide a higher voltage than the

Zener voltage, diode clamp 64 becomes conductive to .5:

clamp the voltage on line 40 to the diode 77 Zener volt-
age C1. The circuit 60 receives its supply voltage from
line 44 on the load side of ignition switch 14. Isolating
diode 78 connects lines 44 to clamp 65 and to resistor 79.
Diode 80 is provided in the circuit to provide temperature
compensation for the clamping transistor 81 of circuit 65.

At the high end of the temperature range, i.e., 100° C.,
the voltage on terminal 67 and thence output line 40 has
reduced magnitude due to the negative temperature char-
acteristics of the transistor base-to-emitter diode and will
tend to forward bias transistor 81. Even above 100° C.
circuit 61 continues to reduce its voltage. However, when
transistor 81 is forward biased due to the decreased
voltage magnitude on terminal 67, further decrease volt-
age on terminal 67 is inhibited by the current conduction
of transistor 81, which clamps the voltage on terminal
67 to the C2 magnitude. It should be noted that clamp
65 is in shunt connection to resistor 79 and line 40.

The terminal 67 voltage to ground magnitude is pro-
vided by the low voltage reference circuit 63, a “double-
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6
transistor emitter-follower” circnit 82 is driven by the
voltage divider 83 to closely follow the high reference
voltage provided by circuit 62 plus the series voltage
generated in circuit 61.
As circuit 61 adjusts the line 40 reference voltage in-
versely with temperature changes, the control voltage on
line 46 supplied from voltage sensing circuit 36 and
zones 23, 25 are correspondingly adjusted in accordance
with temperature changes.
It should be noted that the FIG. 1 circuit uses only one
capacitor 34 in its design. If RF interference is gener-
ated, a second capacitor 56 can be added.
I claim:
1. A control circuit for voltage regulation of an alter~
nator output voltage, including in combination,
first sensing means for sensing the amplitude of the
alternator voltage to be regulated and supplying a
sense signal indicative of a sensed amplitude,

second sensing means for sensing the magnitude of an
independently variable phenomenon and supplying
a reference signal indicative of a sensed magnitude,

control circuit means including signal responsive ON-
OFF semiconductor switching means exhibiting hys-
teresis characteristics in its switching responsiveness
for establishing a zone of regulated voltage ampli-
tudes having an upper limit and a lower limit and
supplying an output signal indicating whether an
ON or an OFF state exists in said ON-OFF switch-
ing means and the control circuit means adjusting
said zone in accordance with said reference signal,
said control circuit means being jointly responsive to
said signals for supplying said output signal for actu-
ating the alternator to continually change the output
voltage amplitude between said limits with alternate-
ly increasing and decreasing amplitudes,

and signal limiting means connected to said sensing

means for limiting the range of said reference signal
to limit the adjusting of said zone between a maxi-
mum upper amplitude for said upper limit and a
. minimum lower amplitude for said lower limit, and
said second sensing means establishing a predeter-
mined relationship between zone adjustment and
changes in magnitude of said phenomenon inter-
mediate said maximum and minimum amplitudes.

2. The circuit of claim 1 wherein said second sensing
means includes in combination the following temperature
responsive electrical circuit:

first reference means establishing a first voltage mag-

nitude,

second reference means deriving a second voltage mag-

nitude from said first magnitude such that said first
and second magnitudes have a substantially constant
relationship,

temperature responsive voltage generation means con-

nected to said second reference means and having
an output terminal for supplying said reference sig-
nal indicative of temperature,

said signal limiting means including first clamp means

selectively connecting said output terminal to said
first reference means in response to a predetermined
relationship of said reference magnitude to said first
voltage magnitude for limiting the magnitude of said
reference signal to be no greater than said first volt-
age magnitude, and

second clamp means connected to said output terminal

and to said first reference means and responsive to
a predetermined relation between said reference sig-
nal magnitude and said first voltage magnitude to
supply additional current to said output terminal
whereby a lower limit is provided for said reference
signal magnitude.

3. The circuit of claim 2 wherein said first reference
means comprises a Zener diode and said second reference
means comprises an emitter-follower type circuit means
having an input connection means including a voltage






