Wake-Up Circuit for an Electronic Device The invention relates to a
welkke-up circuit for an electronic device conprising an input circuit for
receiving infrared signals and an anplifier connected to the input
circuit, the output of the anplifier being connected to a switching

circuit for swtching on the device. Such circuits, terned "wake-up"
circuits, are wutilized e.g. in TV sets or generally in receivers to
switch on a device which is in the "stand-by" node. Wake-up circuits

shoul d consune as little power as possible since they are always connected
to a (battery) power supply. At the desired point of tine, the wake-up
circuit receives an exterﬁ%%efq?r%&¥ﬁP¥ﬁgfﬂﬂ FFhiEdisctzoniFaPE¥ifRe device or
a power consum ng appliance, respectively, via the switching circuit. In
this connection it nust also be taken into consideration that in case of

an intensive background |igh Lncreased current noise ML#| occur which
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nevert hel ess shall be such that an extrenely |ow power consunption Is

achieved in the to the input circuit, the output of the amplifier being
connected to a switching circuit for switching on the
device.

Such circuits, termed "wake-up" circuits, are
utilized e.g. in TV sets or generally in receivers to
switch on a device which is in the "stand-by" mode.

Wake-up circuits should consume as little power as
possible since they are always connected to a (battery)
power supply. At the desired point of time, the wake-up
circuit receives an external infrared signal which
activates the device or a power consuming appliance,
respectively, via the switching circuit. In this
connection it must also be taken into consideration
that in case of an intensive background light, an
increased current noise will occur which will
deteriorate the signal/noise ratio.

It is an object of the invention to provide a wake-
up circuit of the initally defined kind which enables a
selective reception and an amplification of the signals
also in case of intensive background light, wherein the
circuit configuration nevertheless shall be such that

an extremely low power consumption is achieved in the



waiting ("sleeping") state of operation. According to the invention,
this object is achieved in that the input circuit includes a parallel
arrangenent of at |east two series arrangenents of infrared detectors as
well as a parallel resonant <circuit, and in that the anmplifier is a
bandpass anplifier, the output of which being connected to a signal
detector to which the switching circuit is connected. By this
configuration, the object set out above can well be nmet. By the parallel
connection of branches containing i nfrared-detectors in series as well as
by the filtering effect of t %ﬁg arallel resonant circuit, an increased
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circuit will onlycbpegyh! ched £H'@ﬁé€”tﬁb ampllfler is a bandpass
amplifier, the output of which being connected to a
signal detector to which the switching circuit is
connected. By this configuration, the object set out
above can well be met. By the parallel connection of
branches containing infrared-detectors in series as
well as by the filtering effect of the parallel
resonant circuit, an increased signal/noise ratio is
attained. The wake-up circuit according to the
invention thus is particularly suitable for outdoor
use, e.g. for switching on infrared transmittors in
toll systems on roads.

According to a preferred embodiment of the
invention it is provided that the signal detector is
formed with two interconnected integrating circuits and
a comparator, the one input of the comparator being
connected to the ocutput of the one integrating circuit,
and the other input being connected to the output of
the other integrating circuit. This measure leads to a
selective checking of the duration of the signal, i.e.
the switching circuit will only be switched on after a

pre-determined minimum duration of the signal.



pre-determ ned m ni rum duration of the signal.

- 52 - Here, it is also advantageous if the one
integrating circuit conprises a capacitor which is connected to a series
arrangenment of resistors which forma voltage divider, and if the other
integrating circuit conprises a resistor connected to the branch- off
point of the voltage divider and a capacitor connected to this resistor,
the discharge tinme constant of the one integrating circuit being shorter
than the discharge tine constant of the other integrating circuit.
Despite a Iom1nunbermﬁf electrpnic elenents, in this manner functioning of
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off point of the voltage divider and a capacitor
connected to this resistor, the discharge time constant
of the one integrating circuit being shorter than the
discharge time constant of the other integrating
circuit. Despite a low number of electronic elements,
in this manner functioning of the signal detector will
be very much ensured irrespective of element tolerances
and variations of the supply voltage.

An advantageous and simple embodiment of the
bandpass amplifier is characterized in that the
bandpass amplifier is a multi-stage transistor
amplifier with direct current coupling, with the at-
rest working currents of the individual transistors
each being adjusted to a minimum, whereby a
particularly low load on the supply voltage source will
be attained.

To still further improve the selectivity of the
wake-up circuit with a view to the frequency of the
signals, it is provided that the lower cut-off
frequency of the bandpass amplifier is adapted to the
lower cut-off frequency of the parallel resonant

circuit, resulting in an additional improvement of the



signals, it is provided that the |ower cut-off frequency of the bandpass
anplifier is adapted to the |ower cut-off frequency of the parall el
resonant circuit, resulting in an additional inprovenent of the

-3 si gnal /noi se ratio. The invention will be explained in
nore detail by way of a preferred exenplary enbodinent illustrated in the
drawi ng to which, however, it shall not be restricted. Fig. 1 shows a
bl ock di agram of a wake-up circuit; Fig. 2 shows a practical

preferred enbodi nent of this wake-up circuit; and Figs. 3a to 3f show
time diagranms to explain the function of the wake-up circuit. In Fig.
1, an input cirui?lﬁBFIDQEéﬁﬁiﬁatéﬁ' infrared signal is denoted by 1, which
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Fig. 1 shows a block diagram of a wake-up circuit;

Fig. 2 shows a practical, preferred embodiment of
this wake-up circuit; and

Figs. 3a to 3f show time diagrams to explain the
function of the wake-up circuit.

In Fig. 1, an inpﬁt ciruit for receiving an
infrared signal is denoted by 1, which infrared signal
is supplied to an amplifier 2. A signal detector 3 is
connected to the amplifier 2, the signal detector
comprising a first integrating circuit 4 whose output
is led at an input 5a of a comparator 5, whose second
input S5b is connected to the output of a second
integrating circuit 4' which, in turn, is connected to
the first integrating circuit 4. The two integrating
circuits 4, 4' and the comparator 5 thus together form
the signal detector 3 which is selectively designea for
or responds to, respectively, the total duration of a
received wake-up signal, as will be explained below in
more detail. The comparator 5 may be built of
individual electronic elements and configured as an
integrated circuit.

The output 5c of the comparator 5 is connected to a



t he si~gnal detector 3 which is selectively designed for or responds to,
respectively, the total duration of a received wake-up signal, as will be
expl ai ned below in nore detail. The conparator 5 may be built of

i ndi vidual electronic elenents and configured as an integrated circuit.
The output 5c of the conparator 5 is connected to a

- 4 - swtching circuit 6 for switching on and off an
el ectronic device (not illustrated), the switching circuit 6 conprising a
hol d i nput 6a the function of which wll be explained bel ow. As can

be seen from Fig. I npyt circuit 1 1is rised of a parallel
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emtter resistor 20 thereof, brid
comprised of a parallel arrangement of two series

arrangements of infrared detectors in the form of
infrared photodiodes 7 to 10 as well as of a parallel
resonant circuit 11 with a capacitor 12 and an inductor
13. On the one hand, the input circuit 1 is connected
to the base of an npn-transistor 12 via a coupling
capacitor 14, which npn transistor forms the first
stage of the amplifier 2 that is designed as a five-
stage bandpass amplifier 2' with DC coupled npn and pnp
transistors, respectively, 15 to 19. On the other hand,
the input circuit 1 is connected to the emitter of the
transistor 15, the emitter resistor 20 thereof, bridged
by a capacitor 21, being connected to ground, and the
collector resistor 22 thereof being connected to a
positive voltage Ugiep Which is obtained from a
positive supply voltage Uy via a filtering resistor 23;
in this case, a filtering capacitor 25 after the
filtering resistor 23 is connected to ground. Between
the collector and the base of the transistor 15, a bias
voltage resistor, or negative feedback resistor 26,
respectively, is connected.

" The base of the pnp transistor 16 forming the



by a capacitor 21, being connected to ground, and the collector resistor
22: t hereof being connected to a positive voltage Uerr] which is obtained
froma positive supply voltage W via a filtering resistor 23; in this
case, a filtering capacitor 25 after the filtering resistor 23 is
connected to ground. Between the collector and the base of the transistor
15, a bias voltage resistor, or negative feedback resistor 26,

respectively, is connected. The base of the pnp transistor 16 form ng
t he - 5 - second stage of the
bandpass anplifier 2' is directl connected to the collector of the

transi stor 15 of t9Rcond dags sfe thehbandpracerarptifier 27 ¥ directly

transistor 16 is bridged by a capacitor 28 and connected to the voltage
Usi eb, whereas t hEXBTEQDIEY &diesCoL1egtpE of ohheckErns s kRl .of the The
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connected to ground.

The base of the npn transistor 17 forming the third
stage of the bandpass amplifier 2' is connected to the
collector of the transistor 16 via a resisﬁor 30 and a
coupling capacitor 31 arranged in parallel. The
collector resistor 32 of this transistor 17 is
connected to the voltage Ugiep, Whereas the emitter
resistor 33 is bridged by a capacitor 34 and is
connected to ground.

The basis of the npn transistor 18 forming the
fourth stage of the bandpass amplifier 2' is directly
connected to the collector of the transistor 17. The
collector resistor 35 of the transistor 18 is connected
to the voltage Ugj.pn, Whereas the emitter resistor 36
is bridged by a capacitor 37 and is connected to
ground.

The basis of the npn transistor 19 forming the
fifth stage of the bandpass amplifier 2' is connected
to the emitter of the transistor 18 via a resistor 38.
The emitter resistor 39 of the transistor 19 is bridged

by a capacitor 40 and connected to the voltage Ugjeop-

The collector resistor of the transistor 19



The basis of the npn transistor 18 formng the fourth stage of the
bandpass anplifier 2' is directly connected to the collector of the
transistor 17. The collector resistor 35 of the transistor 18 is connected
to the voltage Usieb, whereas the emtter resistor 36 is bridged by a
capacitor 37 and is connected to ground. The basis of the npn
transistor 19 formng the fifth stage of the bandpass anplifier 2' is
connected to the emtter of the transistor 18 via a resistor 38. The
emtter resistor 39 of the transistor 19 is bridged by a capacitor 40 and

connected to the voltage Uerr]. The coll ector resistor of the
transi stor 19 consists of a grounded serigs arrangement oftdiwsi sts of a

grounded series arrangenent of two resistors 41 and 42 which is bridged by
a capacitor 43, (§616E9rst isand 42owhhahthe kaidded &y 48 dapaditen K,
first integrating circuit 4 which has a discharge tinme constant [err]

det ermi ned by t he$8ScERFISERES 41, 42 3R the eARIGIE QDA dBHN0ithE 44 of
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From the connection point 44 of the resistors 41, 42, a
series circuit of a resistor 45 and a capacitor 46
forming the second integrating circuit 4' leads to
ground. The one input 5a of the comparator 5 is
connected to the connection point 48 between the
collector of transistor 19, the capacitor 43 and the
resistor 41, whereas the other input 5b is connected to
the connection point 47 between the capacitor 46 and
the resistor 45.

In the following, the function of the wake-up
circuit according to Fig. 2 will be explained with
reference to the time diagrams according to Figs. 3a to
3f.

As a transmitting modulation type for wake-up
circuits, the FSK-OOSK (frequency shift keying-on off
shift keying) modulation is suitable, since it is
simple and interference-proof, i.e. for a certain time
t,’, a per se conventional transmitter not further

illustrated emits a transmission signal Vg in the form
of a pulse package of e.g. 10 pulses with a frequency
f,, with a transmission pause time t, following

thereupon (cf. Fig. 3a).



resistor 41, whereas the other input 5b is connected to the connection

pei nt 47 between the capacitor 46 and the resistor 45. In the

foll owi ng, the function of the wake-up circuit according to Fig. 2 will be
explained with reference to the tinme diagranms according to Figs. 3a to

3f . As a transmtting nodul ation type for wake-up <circuits, the

FSK- OOSK (frequency shift keying-on off shift keying) nDduIatlon S
suitable, since it is sinple and interference-proof, i.e. for a certain
time a per se conventional transmitter not further illustrated emts

a transm ssion signal _Verr] in the form of a pul se package of e.g. 10
pul ses with a frequen%?e ?{%F$Tls%ﬁQ41%%9ﬂ@&n§ﬁ|§§F8&V5§u§¥gFPﬁe tzg
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to keep as '0“’aStRQSﬁépéfléferéégﬁéﬁﬂ“aifyhlkhg1 is adjusted to
frequency £,. In this instance, the quality of the
resonant circuit 11 is chosen to be relatively low so
as to keep as low as possible the influence of the
varying capacity caused by the background light and of
the interior resistance of the photodiodes 7 to 10 as
well as of the tolerances of the inductivity of the
inductor 13 and of the capacity of the capacitor 12 of
the parallel resonant circuit 11,

A further selective amplification of the pulses
occurs in the bandpass amplifier 2', the lower cut-off
frequency beingISubstantially determined by the
dimensioning of the RC members 20, 21, 27, 28, 33, 34,
36, 37 and 39, 40 in the emitter circuits of the
transistors 15 to 19 as well as of the coupling
capacitors 14 and 31 of the transistors 5 and 17, and
the upper cut-off frequency being determined by the
cut-off frequency of the transistors 15 fo 19, the
lower cut-off frequency of the bandpass amplifier 2
being adapted to the lower cut-off frequency of the
parallel resonant circuit 11.

In this case, the working points of the transistors

15 to 19 are adjusted by the choice of the



varying capacity caused by the background |light and of

the interior

resistance of the photodiodes 7 to 10 as well as of the tol erances of the
i nductivity of the inductor 13 and of the capacity of the capacitor 12 of
tHe parallel resonant circuit 11. A further selective anplification of
the pul ses occurs in the bandpass anplifier 2', the |lower cut-off
frequency being substantially determ ned by the dinensioning of the RC
menbers 20, 21, 27, 28, 33, 34, 36, 37 and 39, 40 in the emtter circuits

of the transistors 15 to 19 as well as of the coupling
31 of the transistors 5 and, 17, and  the upper cut-off
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Due to the pulses Up occurring at the basis of

transistor 19 (cf. Fig. 3b), the latter is blocked at

each pulse, i.e. the capacitor 43 is discharged via the

resistors 41 and 42. Likewise, the capacitor 46

discharges via the resistors 45 and 42,

whereby a

second discharge time constant 7, is defined for this

circuit, the discharge time constant 7,

of the

£

capacitor 43 being chosen to be approximately 1/10 of

the discharge time constant 7, of the capacitor 46, the

capacitor 46 in its charged state being charged to a

voltage U, which is defined by the voltage divider with

the resistors 41, 42 at approximately 80% of voltage U,

of the capacitor 43. Consequently, starting from the

point of time t, of the occurrence of pulses, after a

time ty, defined by the two discharge time constants 7,

and 7,, the decreasing voltage U, at the input 5a will

be equal to the decreasing voltage U, at the input 5b

of the comparator 5 (cf. Fig. 3c) so that the voltage

Ucomp (cf. Fig. 3d) at the output 5c¢ of the comparator

5 will rise and, subsequently, the switching circuit 6

will be switched from the operating state "off" to "on"



UerrJ- Due to the pulses UB occurring at the basis of transistor 19
(ct. Fig. 3b), the latter is blocked at each pulse, i.e. the capacitor 43
is discharged via the resistors 41 and 42. Likew se, the capacitor 46

di scharges via the resistors 45 and 42, whereby a second discharge tine
constant [err] is defined for this <circuit, the discharge tinme constant
[err] of the capacitor 43 being chosen to be approximately 1/10 of the

di scharge tine constant [err] of the capacitor 46, the <capacitor 46 in its
charged state being charged to a voltage U2 which is defined by the
voltage divider with the resistaors 41, 42 at approxi mately 80% of_ voltage
Uerr] of the cap&di-t §R%33etonSWAEERLRY, CEFGRTE y 13RS iesignest a5 & i ne

t[err] of the occurrence of pulses, after.a %ine ton, defined by the two
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at the input 5a wi |l b uak-to.th creasi ng, vol.t age U err.] t he
Lpputsg? ?fthhe g&ﬁﬁ?rif%&f%HeggFrﬁ?88?3%§€§E? _%X ?§§§QK#§%¥ € onp Erf.

ig. a eo C ato : ; equent |y,
the switching ci r%tt#tweg vti'n%lel Egg‘pé\?\n g%e%l %?%rr?%eé%%de@g'h %lsﬁ%g‘{% '%(L)!ff" to
‘on” As soon as a ho?d'sign%} atij% E)cf. (ﬁg'p?vf\g;’ % been
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provi ded
by the device (not illustrated) connected to switching
circuit 6 before the time t, has passed in which, as
mentioned above, the pulses are being sent, switching
circuit 6 will remain in the operative state "on" for
the duration of the hold signal Uy.

At the point of time tg¢f (cf. Fig. 3c), the
comparator 5 is set back again, if during chafging of
the capacitors 43 and 46, the increasing voltage U, of
the capacitor 43 again exceeds the voltage U, at the
capacitor 46.

By the above-described course of detection of the
signal it-is ensured that only pulse packages of a
certain frequency and having a certain minimum
transmission duration t, will be_received and detected

and consequently will lead to the switching on of

switching circuit 6.

- 10 -



between the conparator 5 and the switching circuit 6. As soon as a
hol.d signal Uerr] (cf. Fig. 3f) has been applied to the hold input 6a of
the switching circuit 6 by the device (not illustrated) connected to
switching circuit 6 before the tine t[err] has passed in which, as

menti oned above, the pul ses are being sent, swtching circuit 6 wll
remain inglewingperati ve state "on" for the duration of the hold signal UH
At the point of time t[err] (cf. Fig. 3c), the conparator 5 is set back
again, if during charging of the capacitors 43 and 46, the increasing
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(1) includes a parallel arrangement of at least two series
arrangements of infrared detectors (7 to 10) as well as a
parallel resonant circuit (11), and that the amplifier (2) is a
bandpass amplifier (2') the output of which being connected to a
signal detector (3) to which the switching circuit (6) is

connected.

2. A wake-up circuit according to claim 1, characterized in
that the signal detector (3) is formed with two interconnected
integrating circuits (4, 4') and a comparator (5), the one input
(5a) of the comparator (5) being connected to the output of the
one integrating circuit (4), and the other input (5b) being
connected to the output of the other integrating circuit (4').

3. A wake-up circuit according to claim 2, characterized in
that the one integrating circuit (4) comprises a capacitor (43)
which is connected to a series arrangement of resistors (41, 42)
which forms a voltage divider, that the other integrating
circuit (4) comprises a resistor (45) connected to the branch-
off point (47) of the voltage divider (41, 42) and a capacitor
(46) connected to this resistor (45), the discharge time
constant (7,) of the one integrating circuit (4) being shorter
than the discharge time constant (7,) of the other integrating

circuit (4')

4. A wake-up circuit according to any one of claims 1 to 3,
characterized in that the bandpass amplifier (2) is a multi-
stage transistor amplifier with direct current coupling, with
the at-rest working currents of the individual transistors (15

—_

to 19) each being adjusted to a minimum.
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input-.circuit (1) for receiving infrared signals and an anplifier (2)
connected to the input circuit (1), the output of the anplifier being
connected to a switching circuit (6) for sw tching on the device,
characterized in that the input circuit (1) includes a parallel arrangenent
of at least two series arrangements of infrared detectors (7 to 10) as well

as a paragl el A%Qﬁénﬁ chipshit (dddordiiy tt'&ﬁtanﬁzh@néﬁbkl tileimé2) t6 4,

bandpass anplifier (2'),the output of whic onnected_tp, a S|gna
det ect or FB3ragteRiepdt e EQ@%(##?\ Qﬂ%?nﬁqF 6%¥ﬁ%§e88ﬁﬁggt85 €né A

wake- up cbaﬁapasgcgﬁpﬁiﬁgeio(zl)alm ladapwdacicetiheedowart bat -oh€ 5| gnal

det ect or d wth t per nect e ing circuits (4, 4')
and a con%ﬁ%gPﬁ?CYS tHe %%Emf% %?%%‘%t %%Eh@%ng%?gtor (5) being
connected to the output of the one integrating circuit (4), and the other

i nput (5b) being connected to the output of the other integrating circuit
(4'). 3. A wake-up circui,t according to claim?2, characterized in that
the one integrating circuit (4) conprises a capacitor (43) which is
connected to a series arrangenment of resistors (41, 42) which forns a

vol tage divider, that the other integrating circuit (4') conprises a
resistor (45) connected to the branch- off point (47) of the voltage

di vider (41, 42) and a capacitor (46) connected to this resistor (45), the
di scharge tinme constant ([err]) of the one integrating circuit (4) being
shorter than the discharge time constant ([err]) of the other integrating
circuit (4'). 4. A wake-up circuit according to any one of clains 1 to
3, characterized in that the bandpass anplifier (2) is a multi- stage
transistor anplifier with direct current coupling, wth the at-rest working
currents of the individual transistors (15 to 19) each being adjusted to a
m ni mum 5. A wake-up circuit according to any one of clains 1 to
4, characterized in that the | ower cut-off frequency of the. bandpass
anplifier (2') is adapted to the | ower cut-off frequency of the parall el
resonant circuit (11).
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