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and are controlled by the microprocessor and in turn control the
control units. A peripheral control unit may serve as a buffer
between logic circuitry of the microprocessor and analog circuitry,
20 such as a switch, of the controlled unit. In addition, a
microprocessor has a limited number of input and output (called
I/0) terminals. A peripheral control unit which has a number of
I/O terminals can be used to increase the number of controlled
units which can be controlled by the microprocessor and is
25 therefore sometimes referred to an “"I/O expander”.
Commonly in electronic equipment, the control system
is coupled to a "standby" power supply which continues to supply
-~ operating power even when the the equipment is "off". This
allows status information to be maintained while the equipment is
30 “off* and in consumer equipment, such as a television receiver, it
allows a remote control command for turning the receiver "on" to
be received and processed. While it is desirable that the control
system be supplied with standby operating power, it is not always
desirable or possible for the entire control be provided with
35 standby operating power. For example, when a large number of
peripheral control units are utilized, there may be an excessively
heavy load on the standby power supply. For this reason or
because of the specific configuration of the equipment, one or




35 st.andby operating power. For exanple, "when a | arge nunber of peripheral
control units are utilized, there may be ar2excessively heavy | oad on the
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As is shown in Figure 1, a penpheral control unit
integrated circuit (IC) 100 receives control data from a
microprocessor IC 200 via a data bus 300 and in turn generates a
control signal for a controlled unit 400. Peripheral control unit
20 100 may comprise an I/O bus expander. Data bus 300 may, for
example, be of the well known two-wire I2C type, including data
and clock lines, which is described in detail in "Philips Technical
Publication 110 - 12C Bus in Consumer Applications”, published by
Philips Export B.V., The Netherlands in 1983. The control signal
25 generated by peripheral control unit 200 is coupled to a switching
circuit 500 associated with a particular function of controlled unit -
400. For example, controlled unit 400 may include an audio
power amplifier of a television receiver and switch 500 may be
associated with the audio muting function of the audio power
30 amplifier. While there may be various other peripheral control
units associated with respective controlled units, these other units
are not shown for the sake of simplicity.
Peripheral control unit IC 100 includes a data decoder
and stbrage register section 101 and an output stage 103
\ 35 including a field effect transistor (FET) Ql. - A control signal
generated and thereafter stored by decoder section 101 in
response to data supplied'by microprocessor 200 is coupled to the
gate of FET Q1. The drain of FET Q1 is coupled to an output




. 25 generated by peripheral control "unit 200 is coupled to a sw tching
circuit 500 associated with a partic@ar function of controlled unit 400.
For exanple, controlled unit 400 may include an audio power anplifier of a
tel evision receiver and switch 500 nay be associated with the audi o nuting
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15 signal generated at the output terminal of penpheral control unit
' IC 100 is coupled the junction of resistors Rl and R2 and the
junction of resistors R2 and R3 is coupled to the base of transistor
Q2. The collector of transistor Q2 is connected to a load circuit
(the input impedance of which is represented by a load resistor
20 R4) within controlled unit 400 which controls the associated
function. The emitter of transistor Q2 is connected to ground.
Microprocessor 200 “is coupled to a standby power
supply (not shown) which continues to 'supply a posmve standby =
" operating voltage (STANDBY) even when- the equipment in ‘which
25 the arrangement shown in Figure 1 is included is "off". Peripheral
control unit 100 is coupled to.a "run" power supply (not shown) - NV
which supplies a positive operating voltage (RUN 1) when the
equipment is turned on and which is turned off when the -
equipment is turned off, as is symbolically indicated by switch
30 SW. This feature reduces the power consumption of the standby
power supply. It also eliminates the need:to connect the standby
power supply to various points: throughout the equipment, which
is particularly advantageous when the various | peripheral control
units are located near respective controlled unit and remote from
35 microprocessor 200. Additionally, it eliminates the need for a
standby power supply which provides a particular Supply voltage
required only by peripheral control unit 100. A resistor RS
represents various other loads, including other peripheral units,




15 signal- generated at the output term nal of peripheral control unit IC
100 is coupled the junction of, resistors R#-and R2 and the junction of
resistors R2 and R3 is coupled to the base of transistor . The collector
of transistor 2 is connected to a load circuit (the input inpedance of
whi ch i5 repmesicht eet:ebyeathboBdJNeéugpewatm veitagei t Hioadc sesistor] BS wilk 400
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audio power amplifier is muted when FET transistor Q1 is non-
conductive and NPN transistor Q2 is conductive. For example, the
conduction of NPN transistor Q2 may cause a current source to be
disabled from operating thereby turning the power amplifier off.
20 It is desirable that the power amplifier be off when the receiver is
off in order to mute unwanted audible responses due to electrical
noise and also to reduce the power consumption of the receiver
since controlled unit 400 is coupled to a run supply which
continually supplies an operating voitage (RUN 2) even when the
25 receiver is off. Such an arrangement is described in commonly
, assigned U.S. patent application serial number 511,295, entitled
— “Apparatus for the Muting of an Audio Power Amplifier in a
Standby Mode", filed in the name of R. E. Morris, Jr. on April 25,
1990 and which was allowed on December 10, 1990. To mute the
30 power amplifier, transistor Q2 should be conductive when the
receiver is off. However, protection diode D1 tends to prevent
such desirable condition in the following way.
When the receiver is turned off, mlcroprocessor 200
transmits control data for causing FET transistor Q1 of peripheral
35 control unit 100 to be rendered non-conductive shortly before
causing the switched power supplies of the receiver, including the
one which Supplies the RUN 1 supply voltage, to be turned off.
NPN transistor Q2 is supposed to be rendered conductive when



5 continually supplies another operating voltage (RUN 2) even when the
equi pnent is off. The latter feature elimnates the need for a relatively
expensi ve power switch. The function of controlled unit 400 controlled by
transistor Q2 is activated when FET transistor QL is non- 1 O conductiyve
(cutoff) and NPN transistor @ is conductive (saturated). The function is
inactivated when FET transistor QL is'sc”onductive (satur at ed) and NPN
transi stor Q2 i's non-conductive (cutoff). In the exanple in which %
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recelyy I?.ﬁ\l 2 supply voltage. As a result, a current path' is established
between the output termmal of penpheral ‘control. unit 100 and
“ground through now .cqndu_cnve_ protection diode D1 and load
resistor RS. This' current path tends to '-keep the base voltag'e of
NPN t:ransistor Q2 so low that it is rendered not conductive:

20 'I‘hempedameofthecurrentpathlsdependentonthe
nature of the load represented by resistor ‘RS and is not readily
predictable and controllable. Accordmgly, it is difficult to select
values of resistors R1, R2 and R3 which would compensate for the
presence of the -unwanted current path -

25 - Summarx of the Invegtlon
' o Accordlng to the present 1nventlon, there is
provided in an electronlc equlpment whlch may be
activated and 1nact1vated _apparatus comprlslng° a
controlled unlt which recelves a. f1rst supply voltage

30 even when said equlpment is 1nact1vated and whlch
includes a control dev1ce for controlllng partlcular
function of sa1d controlled dev1ce in response to a
control signal coupled to an 1nput, a control unit which
receives a second supply voltage and whlch generates said

35 control signal at an output only when sa1d equipment is
activated; and a switch for coupling the control signal



one which supplies the RUN 1 supply voltage, to be turned off. NPN
transistor @ is supposed to be rendered conductive when FET transi stor
QL is caused to be rendered non-conductive when the receiver is turned off
and i s supposed to remain conductive thereafjer The inpedance presented at
the output termnal of peripheral control unit 100 would remain high if
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has its cashodeaﬁduaéedn&osgppnydvbhtagghisthbseatkous | oads (R5) of the
RUNI power supply and its anode coupled to the RUN 2 power supply voltage
through resistor R, is forward biased in response to the 15 RUN 2 supply
voltage. As a result, a current path is established between the output
term nal of peripheral control unit 100 and ground through now conductive
protection diode D1 and load resistor R5..This current path tends to keep
't he base voltage of NPN transistor @ so Iom1that it is rendered not
conductive. 20 The inpedance of the current path is dependent on the
nature of the load represented by resistor R5 and is not readily
predlctable and controllable. Accordingly, it is difficult to select values
resistors Rl, R2 and R3 which woul d conpensate for the presence of the
ggpted current .path. 25 Summary of the Invention
_ ding to the present invention, there is provided in an electronic
'eqU|pnent whi ch may be




activated and inactivated, apparatus conprising: a controlled unit which
receives a first supply voltage 30 even when said equi pnent is inactivated
and which includes a control device for controlling particular function of
said controlled device in response to a control signal coupled to an input;
a control unit which receives. a second@esupply voltage and which generates
said 35 control signal at an output only when said equipnent is
activated; and a switch for coupling the control signal devel oped é?r
sai d out put of saldAnomnlubtuathvboemmddnmqmﬁ:d£:thﬂ(innnﬁﬂxdndeV|ce when
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supply vollrawings. absent . An illustrative enbodi nent of -the invention
wi |l now be described wt h refer ence to the accorrpany ‘drawi ngs. Bri ef @
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incorporating a preferred lmplementauon of a switching circuit
10 which is constructed in accordance with an aspect of the inveation
and which solves the problem present in the control system _ : \J
shown in Figure 1.
In Figure 2, the same or similar elements of the
control system shown in Figures 1 are identified by the same
15 reference designations.

Detailed . Description of Figure 2 of the Drawing
The control system shown in Figure 2 is the same as
the one shown in Figure 1, except that an additional switching
circuit including a NPN transistor Q3 configured as a non-inverting
20 buffer has been inserted between peripheral control unit 100 and
switching circnit 500 associated with controlled unit 500. The
emitter of transistor is coupled to the output terminal of P
peripheral control unit 100 and the collector of tramsistor Q3 is .\J
coupled to the junction of resistors R1 and R2 of switching circuit :
25 500. The RUN 1 supply voltage, when present, is coupled to the
base of transistor Q3 through a current limiting resistor R6. An
optional resistor R7 may be coupled between the base of
transistor Q3 and ground for the reason described below.

While the RUN 1 supply voltage is present when the .
30 equipment is on, if | FET Q1 is caused to conduct (saturate) in
response to data generated by microprocessor 200, the emitter of = ¢

NPN transistor Q3 is pulled to ground through conductive FET Ql.

As a result, the base-emitter junction of transistor Q3 is forward

biased and transistor Q3 is caused to conduct (saturate) because
35 the RUN 1 supply voltage is coupled to its base. In turn, transistor



In Figure 2, the sanme or simlar elenents:of the control system shown in
Figures 1 are identified by the same 15 reference designations. Detailed
Desription of Figure 2 of the Drawi ng The control system shown in Figure 2
is the sane as the one shown in Figure 1, ex@ept that an additi onal
swtching circuit including a NPN transistor B configured as a
non-ifiverting 20 buffer has been inserted between peripheral control unit
100 afe switching circuit 500 associated with controlled unit 500. The
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result, protection diode D1 is decoupled from switching circuit 400
15 and the base voltage of transistor Q2 is allowed to assume the
positive voltage provided at the junction resistors R1 and R2. As a
result, transistor Q2 is conductive (saturated) and the associated
function (muting) of controlled unit 400 is activated, as is desired.
It is noted that no unwanted transients are generated
20 as the RUN 1 supply voltage drops. As was earlier described with
reference to the example in which controlled unit comprises an
audio power amplifier, it is desirable that the muting function be
activated as the receiver is turned off to ensure that audible noise
W, responses are not generated. For that purpose, microprocessor
25 200 transmits data to peripheral control unit 100 to cause FET
transistor Q1 to be rendered non-conductive (cut-off) and NPN
transistor Q2 to be rendered conductive (saturated) shortly before
the switched power supplies, including the RUN 1 voltage supply,
are caused to be turned off. The RUN 1 supply voltage does not
30 fall instantaneously but rather falls gradually due to power
supply filter capacitors (not shown). Transistor Q3 remains non-
conductive as the RUN 1 supply falls because its base voltage
follows the RUN1 supply voltage.
' Optional resistor R7 may be added to establish a cut-
35 off threshold for switching transistor Q3 relative to the RUN 1
supply voltage to inhibit transients due to erratic operation of
peripheral control unit IC 100 as the RUN 1 supply voltage falls.
For example, assume peripheral control unit IC were to exhibit



off). In turn, transistor Q is ren&ered conductive and the associ at ed
function of controlled unit 400 is ac®vated. Thus, the addition of
switching transistor (B does not interfere 10 with the normal control
operation. Wiile the RUN 1 supply voltage is absent when the equipnent is
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ifre

power esl ra e that the muting function be activated as
the receiver is tthmked thef presentsimeention hasii been ndesczibeds pwithes are not

genera r a Ukt C Eﬁﬁﬁm ra?gﬁ ata to

per i ph}ffaé etéé;ér)]tt%:é tsREHirf??S&rc ca%‘?glg t'r ansi stlggq’él gaita?e‘?rder ed

ndrf2 cottctmodifieations ftp suit Nﬁhﬁr igurations (mayebeeme ed  conduct i ve
(Sﬂurﬁbﬁdr)exﬁh&itdhbsbeélﬁ'lﬁdt e e t&hedmhemédmgam 'aﬂal uehétlatthe CF;UN 1
“vol tage_su ur ne e vol t age does
not 302 ?a‘l?‘l?e'%/qﬁ‘fl §ﬁe3‘ﬂ 1 ﬁﬁ? %QRFePfO&'l‘?s‘“dFQHB& %‘ﬁ’d\%@* power supply
filter onepecirhore ofntlie folomiing TChaimsst or Q3 renmins non- conductive as the
RUN 1 supply falls because its base voltage follows the RUN1 supply o
voltage. Optional resistor R7 may be added to.establish a cut- 3 5 off
threshold for switching transistor B relative to the RUN'1 supply voltage
to inhibit transients due to erratic operation of perlpheral control wunit

| C 100 as the RUN 1 supply voltage falls. For .exanple; assume peripheral
control unit IC were to exhibit _ - .



erratic operation causing FET QL to be rendered conductive fromthe desired
non- conductive state when the RUN 1 supply voltage fell to 2 volts. In that
case, the ratio of resistors R6 and R7 could be selected to provide an

i nsufficient base voltage, for exanple, 5 0.4 volts, to permt transistor
B to be rendered conductive when FET transit® or QL was erraticallycaused
to conduct at 2 volt level of the RUN 1 supply voltage. Wile the present

i nventyvon has been described with reference to a specific circuit
configuration, it wWCDAIMS: gppreciated 10 that nodifications to suit other

configurations may beconﬁﬁppaiﬁrﬁntélé&‘eﬁ&x%iéé@ﬁgﬁéhé %féﬁ-ma%%che
e

nodi fications and others are jntended to be withinhe scpé) of t

i nvention defi RSFIXALRRE Nd nbhaCtHiVated s APRAF FHRTI CPMRELISINGS | Al ME: 1.
Inian el ectronic equi pnend adntrolled benietwlvitiedreveivescd i fitst, supply
apparatus conprising: a.controlled unit which receiy f] Py .

vol t age eveh m"é?i“’s%ed %de? p%?ﬂ ?§1$ N2 LHRATR Ja%d"ﬁ?@#’?ﬁ%% u%§§ Jgﬁlgh
control device inmluites ralcomgrohrdéevitcear fé6xincontrobl ingi paxticudatred
device in resp@igfes HQ@+ s ' ; ngrol unit
whi ch receives a scg:ig’n!g &sﬁ;g%éﬁal(gb VO %%‘g%p%%ﬂl%ﬁl%ﬂ ig.;e er%?%sega%d control
signal at an ofgnfireh|sighah cenpled tPramtinrRuBLti vated; and a switch for

coupling the control signglcontrol unit which receives a second supply

10 voltage and which generates said control signal at an

output only when said equipment is activated; and
\_) a switch for coupling the control signal

developed at said output of said control unit to said
input of said control device when said second supply

15 voltage is present and for decoupling said input of said
control device from said output of said control unit when
said second supply voltage is absent.

2. The apparatus defined in Claim 1, wherein:
said control device includes a protection device
20 coupled to its output.

3. The apparatus defined in Claim 1 or 2, wherein:
said switch is responsive to the presence of said
\U second supply voltage for coupling the control signal developed at
25 said output of said control unit to said input of said control device
and is responsive to the absence of said second supply voltage for
decoupling said input of said control device from said output of
said control unit. '

30 4., The apparatus defined in Claim 3, wherein:
said switch includes a transistor having first and
second electrodes defining the ends of a conduction path and a
control electrode for controlling the conduction state of said
conduction path; said first electrode being coupled to said output
35 of said control unit, said second electrode being coupled to said
input of said said control device and said second supply voltage
being coupled to said control electrode.
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devel oped at said output of said control unit to said input of said control
devi ce when said second supply 15 voltage is present and for decoupling
said input of said control device fromsaid output of said control unit
when sai d second supply voltage is absqpt. 2. The apparatus defined in
Caim1l, wherein: said control device includes a protection device 20

coupled to its outp def din aiml or 2, wherer o
said switch is respg%5|ve‘¥£nﬁhe pré%@ﬁ%%?g gngaﬁegﬁﬁﬂlgéﬁEPyevoltagé~gor
coupl i ng BREcEdkedomidiny maferante ol Bigebe 2z a0fl thepdtawingsi.d contro

unit to said input of said control device and is responsive to the absence .
of. said second supply vol tage for decoupling sald i nput of said control t
device fromsaid output of said control unit. 30 - 4] The
apparatus defined in Claim3, wherein: said swtch:includes a transistor
having first and second el ectrodes defining the ends of a conduction path
and a control electrode for control l'ing the conduction state of said
conduction path;. said first electrode ‘being coupled to said output 35 of
said control unit, said second electrode being coupled to said input of °
sai d said control device and sald second supply voltage being coupled to
said control el ectrode. Appar at us substantially as herei nbefore
described with reference to Figure 2 of the draw ngs.
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