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i.,,.....- This invention relates to a circuit arrangement to 
detect a voltage, including a voltage divider having 
applied to its divider node the input of a voltage detec­
tor which comprises a Schmitt-Trigger with reference 
voltage and an output driver, with the output of the 
voltage detector being connected to the positive poten­
tial of the voltage. 

Voltage detectors comprising internally a Schmitt­
Trigger with reference voltage and an output driver are 
commercially available devices. FIG. · 4 illustrates the 
wiring. of such a voltage detector VD when a specified 
voltage, for example, the voltage of two serially con­
nected battery cells or accumulator cells (B), is to ·be 
detected which is ·greater than the internal reference 
voltage of the voltage· detector VD. In this event, a 
voltage divider comprised of resistors Rl and R4 is con­
nected in p~rallel with the battery B, and the junction 
of the two resistors Rl and.R4 is connected to the IN in­
put of the voltage detector VD. The OUT output of the 
voltage detector VD is applied to the positive potential 
of the battery B through a resistor R2. The voltage di;_ 
vider Rl/R4 is so dimensioned that the internal reference 
voltage (2.1 volts, for example) will be present at the 
IN input of the voltage detector VD when the voltage to 
be detected (2.3 volts., for example) is ·present at the 
battery B. When the battery voltage drops below this 
value,. the output of the voltage comparator VD will go 
from "high" to "low"~ · 

However, such commercially available voltage detec­
tors have the disadvantage of having a hysteresis of, for 
example, 0.1 volts. ·This means that with the battery 
voltage falling, the output of ·the voltage detector VD 
will go from "high" to "low" when the voltage at the in­
put reaches 2 .1 vol ts · (correspondingly 2. 3 vol ts at the 
battery), however, with the battery voltage rising (for 
example, when the battery is being recharged), the·output 
of the voltage detector VD will not reverse its state un­
til the voltage at the input reaches 2.2 volts (2.1 volts 
+ 0.1 volts). ·This is not satisfactory for some applica­
tions requiring an accurate voltage detection as, for 
·example, when it is desired to detect a specified voltage 
accurately on a battery during both discharging and 
charging of the battery. 

Further, from U.S. Pat. No. 4,906,055 a circuit 
arrangement is known in which the source voltage of a 
power source is tested for the attainment of different 
threshold values. In this arrangement, a voltage detec­
tor is provided in which an applied voltage is compared 
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with a single reference voltage. The attainment of 
several threshold values of the voltage of the power 
source is tested by applying the voltage to a voltage di­
vider and comparing the divided voltage with the 
reference value in order to determine the attainment of a 
first threshold value, and by applying the full voltage 
of the power source to the same voltage detector and thus 
comparing it with the same reference value in order to 
determine the attainment of a second threshold value of 
the voltage of the power source. When the div~ded volt­
age ~s lower than the reference voltage·, it is found that 
the voltage is below the first threshold value. When the 
full voltage of the power source is lower than the 
reference value, it is found that the voltage of the 
power source is below the second threshold value. In or­
der to apply·the proper voltage .to the voltage detector, 
that is,· either the divided voltage or the full voltage 
of the power source, the output signal of the voltage de­
tector is fed to a CPU which in turn generates an output 
signal ·closing or opening.a controllable switching means, 
with the closed position of this controllable switching 
means causing the full voltage of .the power source to be 
applied to the vol~age detector. The test p+ocedure is 
as follows: First, the divided voltage is applied to the 
voltage detector •. If the divided voltage is higher than 
the reference voltage, the . voltage detector issues a 
"hiqh" voltage signal, that is~ the CPU continues to keep 
the controllable switching means open. If· the divided 
voltage is found to be lower than the reference voltage, 
the voltage·detector issues a "low" voltage signal. This 
then causes the CPU to.close the controllable switchinq 
means. In this event, the voltage of the power source is 
below the first threshold value. The controllable 
swi tchinq means being closed, it is then tested in the. 
next step whether the full voltage of the power source is 
lower than t~e reference value. If the answer is no, the 
voltage detector issues again a . "high" voltage signal • 
This means that the CPU places·the controllable switching 
means again. in a non-conductive condition. In the next 
step the diyided voltage is again fed to the voltage de­
tector which again delivers a "low" voltage signal. The 
circuitry is thus caused to oscillate. If the full volt­
age is lower than the reference value of the voltage 
detector, the voltage detector constantly delivers a 
"low" voltage signal, meaning that the voltage of the 
power source is below the second threshold value. The 
.subject-matter of this prior application is then required 
to continue generating CPU output signals, with a light­
emitting diode as a warning device being driven when the 
voltage falls below the first threshold value. When it 
falls pelow the second threshold value, a load connected 
to the pow~r source is deactivated, and a second diode is 
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driven to inform of this condition. This U.S. patent 
specification merely sets out with respect to the voltage 
detector that it includes a specified reference value. 
The specification does not .describe that this specified 
reference value may have a hysteresis. By contrast, it 
is disclosed in this specification that the voltage de­
tector is to include a specified value of the reference 
value, that is, that it is precisely the absence of a 
hysteresis in the reference voltage that is desired. 
When in the subject-matter of this prior application a 
voltage comparator whose reference voltage has a hystere­
sis is substituted for the voltage detector with a speci­
fied .reference voltage, it will be seen that the first 
threshold value is tested by comparing the divided volt­
age w1 th the · lower value -of the hysteresis of the 
reference voltage. · Prior to each test of the divided 
voltage, the output of the voltage comparator is at. a 
"high" level because of the · full voltage which is above 
the reference value. When the second threshold value is 
tested, it will be seen that the full voltage is compared 
with the upper value of the hysteresis of the reference 
v:oltage. Because of th:e circuitry oscillating, the com­
parator is at a "low" l·evel b~cause the divided voltage 
is below the reference voltage. However, since in the 
subject-matter of the U.S. patent specification a speci­
fied reference voltage is to be employed, a voltage com­
parator whose reference voltage has a hysteresis cannot 
find application. As a result, in the use of a voltage 
comparator whose reference voltage in9ludes a hysteresis, 
different reference voltages would be used when testing 
the attainment of the different threshold values. 

It is therefore an object of the present invention 
to configure a circuit arrangement of the type initially 
ref erred to in such a manner as to permit a hysteresis­
free detection of a specified voltage.· . 

According to the present invention, this object is 
accomplished in that the output signal of the voltage de­
tector is applied to the base of a first transistor, that 
the collector-emitter· circuit, together with a series­
connected capacitor, is connected in parallel with the 
voltage to be detected, that the junction of the capaci­
tor and the first transistor is connected to the input of 
the voltage detector through a first resistor, and that 
the output of the voltage detector is .further applied to 
the input of a component delivering different output sig­
nals in dependence upon whether its input receives a con­
stant signal level or a varying signal level. 
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When it is desired to detect several specified volt­
ages using the same voltage detector or to be able to 
vary the value of the voltage to be detected, the resis­
tor of the first voltage divider connected to reference 
potential is comprised of a second voltage divider to 
which an integrating capacitor is connected in parallel 
and whose divider node receives a square-wave voltage 
whose pulse duty factor is variable. 

Further advantageous embodiments of the present in­
vention will become apparent from the other dependent· 
claims and the subsequent· description. 

Embodiments of .the present invention wi11~now be de­
scribed in more detail in the following with reference to 
the accompanying drawings, in which: 

FIG. 1 is a schematic diagram showing a circuit · 
arrangement for detecting a specif~ed voltage value on a 
battery; 

"FIGS. 2 and 3 are schematic diagrams showing circuit 
arrangements for: detecting several voltage values using a 
single voltage detector. · · · 

Referring .now to FIG. 1 of the· drawings, there is 
shown a circuit arrangement prov.iding a suitable indica­
tion when the voltage U of the battery B has reached . a 
specified value. A load resistor RL may be connected to 
this battery (accumulator) through a switch s. This load 
resi_stor may be the motor of a small electrical appliance 
as, tor example, an electric shaver. The battery is 
rechargeable by means of a. charging circuitry not shown. 

Connected in.parallel with the battery Bis a volt­
age divider comprised of ·resistors Rl·and R4, by means of 
which the voltage u of the battery B is divided down to 
the voltage ue resiqing at the junction of the resistors 
Rl and R4 which is applied to the IN input of the voltage 
detector VD. The OUT output of the voltage detector VD 
is connected to the positive terminal of the battery . B 
through a resistor R2, to the base of a transistor Tl 
through a resistor R3, and to the microprocessor c driv­
ing a display device D through a resistor RlO. 

The emitter of transistor Tl is connected to the 
positive terminal of the battery B, its collector being 
connected to reference potential through a capacitor Cl. 
In addition, the collector is connected to the junction 
of the resistors Rl and R4 of the voltage divider through 
resistors R5 and R6. The resistor R6 is of the variable 
type for adjustment~ 
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The voltage divider Rl/R4 is dimensioned such as to 

i ....... ,. ensure that, when the battery B reaches a specified volt­

age u, the divided-down voltage Ue at the IN input of the 

voltage detector VD lies below the detection voltage of 

the voltage detector VD. This ·specified voltage U may 

be, for example, the "low charge 11 point at 2.3 volts (in 

which event the battery ·is discharged to 10% to 20% of 

its capacity). When the detection voltage of the voltage 

detector is, for example, 2.1 volts and the tolerance is 

± 0.1 volts (~hich has no relation to the hysteresis of 

the voltage detector) , these are 2·. o vol ts. 

· .. ··:;: 

. ·-~~x./Y't : . " .. 

The.mode of functi9n of the ci~cuit arr~ngement is 

as follows: When the battery voltage u has dropped to 

the vo;ttage to be detected which is, for example, 2.3 

volt~, the voltage -Oe .~t the IN input of th.e voltage de­

tector VD will be 2.0 volts, and the OUT output of the 

voltage detector VD will change from "high" to "low". 

"Low" . is the active state of the . voltage detector VD. 

Transistor Tl will then conduct, causing the series 

arrangement comprised of the resistors R5, R6 to be con-

· nected in parallel. With :c:esistor .Rl. The input voltage 

Ue (divide::t;' ·voltage) is thereby increased to a·· value 

greater than· the d.etection voltage of the voltage detec­

tor plus the hysteresis voltage, causing the voltage 

de~ector to assume the reverse state ·again (release volt­

age) an~ the OUT output: to return. to "high". The tran-. 

sistor ·Tl is again non-conducting, cancelling the . 

parallel connection· of resistors RS, R6 to. resistor Rl, 

whereby the.divider vol.tage Ue is.again below the detec­

tion voltage of the voltage detector VD, and the OUT out­

put is again changed to 111ow11 • 

The circuitry oscillates. The capacitor Cl provides 

time delays for the transition operations, thus reducing 

the oscillation frequency to about 1 kHz, for example. A 

square-wave voltage with an amplitude of the order of the 

battery voltage·u is present at the OUT output. 

Oscillation will cease to be possible when the 

release voltage of the· ·voltage detector is no longer 

attained with the transistor Tl conducting. At this in­

stant, the state of the voltage detector VD will be main~ 

tained, its output voltage being constantly at "low". 

This voltage point is adjusted by means of resistor R6. · 

Thus, it is possible to detect a specified value of 

the supply voltage solely by the presence of a constant 

signal level at the output of the voltage detector VD 

with respect to a varying (oscillating) signal level. 

The specified voltage va·lue is detected without hystere­

sis,· tha~· is, it is irrelevant whether the specified 
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voltage value is reached starting from higher or from 
lower voltage values, since it is not the internal 
reference voltage of the voltage detector (2.1 volts) 
that is used for adjustment, but rather its release 
voltage. 

The circuit arrangements of FIGS. 2 and 3 present an 
extens:i,on of FIG. 1 to cover the detection of several 
voltages using just a single voltage detector VD. In 
these Figures, the resistor R4 of FIG. 1 is subdivided 
into serially connected resistors R7, RB and R9, whereof 
resistor R7 'is connected to the input of the voltage de­
tector VD, while resistor R9 is tied to reference. poten­
tial. ·An integrating capacitor C2 is cohnected in 
parallel with the series arrangement comprised of resis­
tors RB and R9. 

In FIG. 2, an output of the microprocessor C is con­
nected to.. the junction of resistqrs RS and R9. The 
microprocessor ·supplies to this junction a square-wave 
control signal whose pulse duty f~ctor is variable.· 

owing to this variable pulse duty factor, in combi­
nation ·with the resistors R7, RS, R9 and the integrating 
capacitor C2, the release voltage point of the voltage 
detector VD can be shifted over a wide range of the volt- . 
age u of the battery B. The greater the· pulse duty · 
factor of the square-wave voltage supplied, ·that is, the 
greater the ratio of pulse duration t~ pulse spacing, the 
higher· the mean value of the voltage supplied.. Corre­
spondingly,· the voltage at ·the junction of capacitor C2 
and resistor RS, and consequently also the voltage Ue at 
the input of the voltage detector VD, are raised, whereby 
the release voltage of ·the voltage detecto~ is reached at 
higher.battery volt~ges U. · 

· As· described wi:th reference to FIG. 1, · it is thus 
possible to · · determ.j;ne and detect any desired. number· of 
voltage points of the battery voltage U by varying the 
pulse duty factor of· the square-wave voltage supplied. 
By sensing a voltage point and subsequently specifying a 
next voltage point by correspondingly varying the pulse 
duty factor of the square-wave voltage supplied, the 
voltage characteristic of a battery during charging 
and/or discharging can be retraced in dependence on time. 

By allocating specified voltage points ·of a dis­
charging or charging characteristic of the battery (for 
example, between 2.5 volts and 2.2 volts at 50 mv inter­
vals) to a visual signal of the display device D, the 
current charging condition of the battery is displayed. 
Where a display device D comprising several segments is 
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employed, the segments are controlled by the microproces­
sor C such that in the fuily charged condition (highest 
detected voltage), all segments are driven, whilst with 
the battery charge near depletion (lowest detected volt­
age), no segment is driven. 

Where the display device D incorporating several 
segments provides a continuous indication of t~e charging 
condition_ on a time· basis, that is, in dependence on the 
period of time during which the load resistor RL (load) 
was connected_ to the battery or the battery was charged, 
the voltage points detected in operation will be compared 
with the. values of the battery charging and · discharging 
characteristic stored in the microprocessor, and if a de­
viation is established, the display will be corrected 
·correspondingly. 

FIG. 3 shows a circuit arrangement suitable for .the 
event that the voltag~ divider is not sufficiE:mtly high­
resistance, that is, the .output of the microprocessor c 
supplying the square-wave.voltage is not in a position to 
provide the .requisi t~ ·power. In . this case, . the square­
wave signal of the microprocessor c will be · delivered 
through a resistor Rll to the base of a transistor T2 
whose collector-emitter circuit is in parallel with the 
resistor R9. In· acco.rdance with the pulse duty factor of 
the square-wave signal supplied, the transistor T2 is 
rendered either conducting or non-conducting. In all 
other respects, the mode of function of the circuit 
arrangement is the -same-as that of FIG. 2. 

All circuit arrangements described in the. foregoing 
are self-oscillating, requiring no control voltages from 
an external source. In consequence of the low current 
requirements, the circuit arrangements ·may · remain con­
nected to the supply voltage u aiso with the appliance 
turned off (load resistor RL disconnected from the 
battery)·, without the battery discharging unacceptabl:y. 
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1. A circuit arrangement to detect a voltage (U), 
including a first voltage divider (Rl, R4) having applied 
to its divider node the input of a voltage detector (VD) 
which comprises a Schmitt-Trigger with reference voltage 
and an output driver, with the output of the voltage de­
tector (VD) being connected to the positive potential of 
the voltage (U), 
characterized in that the output signal of the voltage 
detector (VD) is applied to the base of a first transis­
tor (Tl), that the collector-emitter circuit of the first 
transistor (Tl), together with a series-connec~ed capaci­
tor (Cl), is connected in ·parallel with the voltage (U) 
to be detected, that the junction of the capacitor (Ci) 
and the first transistor (Tl) is connected to the input 
of the: voltage detector (VD) through a first resistor 
(RS, R6) , and that the output of . the voltage detector 
(VD) is further applied to the input of a first component 
delivering different O'!oltput signals in dependence upon 
whether its inptit receives a constant signal level or a 
varying signal level. 

2. A circuit arrangement as claimed in claim 1, 
characterized in that the first component controls a dis­
play device (D) in dependence upon its input signal, such 
as to enable it to recognize whether the detected voltage 
(U) has reached a specified voltage value and/or lies 
above or below the specified voltage value. 

3. · A circuit arrangement as claimed in claim 1, 
characterized in that part of the first resistor (R5, R6) 
is adjustable (R6). 

4. .A circuit.arrangement as claimed in claim 1, 
charac;:terized in that the resistor (R4) of the first 
voltage-divider (Rl, R4) connected to .reference potential 
is comprised of a second voltage divider (RS, R9) to 
which an integrating capacitor (C2) is connected in 
parallel, and that a second component delivers to the di­
vider node of the second voltage divider (RS, R9) a 
square-wave voltage. 

5. A circuit arrangement as claimed in claim 4, 
.characterized in that a second resistor (R7) is inserted 
between the second voltage divider (RS, R9) and the input 
(IN) of the voltage detector (VD). 

6. A circuit arrangement as claimed in claim 4, 
characterized in that the pulse duty factor of the 
square-wave voltage is variable. 
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7. A circuit arrangement as claimed in claim 1 or 
claim 4, 
characterized in that the first component and/or· the 
second component are parts of a microprocessor (C). 

8. A circuit arrangement as claimed in claim 6, 
characterized in that different specified values of the 
voltage (U) are determined by means of varying pulse duty 
factors of the square-wave voltage, and that a display 
device ( D) provides a suitable indication when these 
specified voltage values are reached. 

9.· A circuit arrangement as claimed in claim 6, 
characterized in that the voltage (U) to be _detected is · 
.the supply voltage· of a battery (B), that different 
specified valu,es of the battery voltage are determined by 
means ·of varying· pulse duty factors of the square-wave 
voltage, that the supply voltage of.the battery Bis.com­
pared with the known charging/discharging characteristic 
of the battery, .and that a time-controlled charge-status 
indication is corrected correspondingly when a deviation 

, is established. 
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