WO 01/ 13492 PCT/ SG9/00084 1 A SWTCH CIRCU T The invention relates to a
switch circuit and in particular, a switch circuit including a nonentary
switch. Monentary switches for turning on and off electrical and

el ectroni cwapaiigpgeEent operate using a logic type operati OpcgRgoddtads When a
swtch pulse is supplied to a switch circuit, the circuit swtches from
"off" to "on" or from"on" to "off". The switch pulse is provided by
actuation of the nonentary sw tch which when actuated conpletes the
circuit to provide a pulse to the switch circuit to switch the state of
the switch <circuit. It is commop practice for a nunber of different types
of electrical and electronic eqﬁi%ﬁ5ﬁ¥If%ng§7only a single nonentary
switch to switch the equi pment both on and off. However, one of the

di sadvant ages of using a single nonentary switch is. that, during the off
state, it iThesthiéntieneainyesf§ 06 &Mﬁmchocbﬁtﬁ@ahheﬂntﬁgaﬁdﬁﬁ%t' ch
circuit. This is because it is necessary to maintain alive switch circuit
for sensi SylacBveirduipulinelyding a ewpmenbgry tdhwdtebrent ary switch at. any
tinme. Therﬁfore t hi s .power consunption constantly_drains _the battery or
AC power evgﬁ‘e{lﬁ%ﬂ@ﬁ"flﬁz&\%ﬁeg?’fﬁ? EGuPBret otfppdarsricrbandn an "of £

state 10 agigetrodit SRAPIEAP! bH&-AHe %EgﬁérA9ﬁ%§BF§g§ iébé?ﬂ%?%hally

i mportant to battery ‘opérated ‘equi pment 3Such %p conputergoand
that when a switch pulse is supplied to a switch circuit, the

circuit switches from "off" to "on" or from "on" to "off".
The switch pulse is provided by actuation of the momentary
switch which when actuated completes the circuit to provide a
pulse to the switch circuit to switch the state of the switch

circuit.

It is common practice for a number of different types of
electrical and electronic equipment to use only a single

momentary switch to switch the equipment both on and off.

However, one of the disadvantages of using a single momentary
switch is.that, during the off state, it is still necessary
for power to be supplied to the switch circuit. This is
beqause it is necessary to maintain a live switch circuit for
sénsipé_a.switch.pulsgﬁgeneratédabyvthé momentéry swiﬁch a£ -'
any time. Therefore, this power consumption conétantif.dfains.
the battefy or AC power even though the electronic equipment

appears to be in an "off" state to a user.

This consumption of electrical power is especially important

to battery operated equipment such as laptop computers and



WO 01/ 13492 PC7/ SG9/00084 2 nobile (or hand) phones where the constant
power requirenent drains the battery even when the equi pnent is swtched

off. For in a typical |aptop conputer, the power tion
when t he c?ngg?lé’?”i s switched off can be as high as 8 M,Pc\'{%ggﬁ%\j\'%ul d nmean

that a 3300 mAh battery would be conpletely drained after seventeen days
even with the |laptop conputer switched off. Where the conputer has a
smaller battery, the duration will be even |less. For exanple, if the
battery is only a 1800 mAh battery, the battery will be drained in only
ni ne days &g t(Rrt handbrphanes sierehtle (tdnstant paeer i raguikegieni| ar

probl em exi sts, W ot h equi pnent usj nonentary, sw tches, such as

nobi | e phon ‘—’flrﬁﬁnéﬁl‘g %’ﬁgE%Bﬂe?‘Pe@oﬁ’bﬁﬁpH‘]%neq‘m“]e@tt he PRdfdieds offi-t ched of f
still leads to draining of the battery. In accordance with the present

I nvention, there is provided a switch circuit for controlling the supply
of el ectri cedr poamplef, r om ancygiealr Laptop avdipuies, CEhé ewdrwad, the switch

circuit conprising a first transistor, the emtter of the first transistor
adapt ed t o ¥FEVEPSLEH VReR Hehe SREPUsepply awidahed ofb|¢cawther asdhpobd to be

an out put it 8t 5hBER UG S P ERE SR ShhebRrETHE Hbdd BRd the.
POVer SOUr Ceompl1atd19Naagihdd@td iy BBYEntded idasls bGShSTANE G rleYLEEsgouUP! ed
computer switched off. Where the computer has a smaller
battery, the duration will be even less. For example, if the
battery is only a 1800 mAh battery, the battery will be
drained in only nine days even with the computer switched off

all the time.

A similar problem exists with other equipment using momentary
switches such as mobile phones, where the power consumption
while the phone is switched off still leads to draining of the

battery.

In accordance with the present invention, there is provided a
switch circuit for controlling the supply of electrical power
from an electrical power source to a load, the switch circuit
comprising a first transistor, the emitter of the first
- transistor adapted to be coupled to the power supply and the

collector adapted to be coupled to the load; an electronic
switching device comprising an input, an output adapted to be
coupled to the other side of the load and the power source,
and an activating inﬁut; a first resistance device coupled

between the base of the first transistor and the input of the



bet ween the base of the first transistor and the input of the WD 01/13492
PCT/ 3399/ 00084 3 el ectronic swtching device; a momentary sw tch having

first and termnals, the activating input of the fﬂiﬁﬂb
swi t chi ng aégﬁgéggoupled to the first termnal of a nmonmentary 5svvl ch; a

pul se generation device coupled between the collector of the first

transi stor and the second termnal of the nonentary switch; and a charge
storing device coupled between the collector of the first transistor and
the output of the electronic switching device. Preferably, the first
transi st or §.ecATERHE| BY1EghiRg Seyice arrl nomeREapy ewitall ayipngpfbigiol ar
transi stor. wever |ternativ ,the first.transi r be a MOSFET,
such as an RSE8HEN e%@ﬁﬁ§iﬁc5gh¥,a%ﬁ&fﬁﬁgnﬁyﬁW%é fy§%%5 g@%ﬁﬁﬁﬁﬂlc
enhancementgfsyes i NGSEET: cel HoupakhYro thife &i®st! O8hfi W b?fhhnﬂoﬂéiﬁa&?
conprises a thyristor device, such as a transistor device and preferably

conpri ses ssdakl;aadptlse geneansish odavicEheocsptead (beaneenhthd transi stors

are typically bipolar transistors, one transistor being an npn transistor
and the ot K&1L1gsray @f pgrie Eixfsi cramsistoreprdEhe sefeefetersingl of

transi stor .s a_pnp,.bipol ar. transistor. .the second and third transistors
mogggtang swa:‘LtcE'x- aﬁd 3 cl'f,argﬁegﬁ? 11?%/ daelx_r'& evg?t,lpéﬁ]

are npn an&jﬁhp I'polfar transi Stors, re ve re the

first trangett@eni thd &D1ARIMRBL! of RN GETRR! criydesd¥=SERE, thdenfigrend and
third transistors are N and P :
of the electronic switching device.

Preferably, the first transistor is a bipolar transistor, and

more preferably a pnp bipolar transistor.

However, alternatively, the first transistor may be a MOSFET,
such as an enhancement type MOSFET, and is typically a P

channel enhancement type MOSFET.

Typically, the electronic switching device comprises a
thyristor device, such as a transistor device and preferably
comprises second and third transistors. The second and third
transistors are typically bipolar transistors, one transistor
being an npn transistor and the other being a pnp transistor.
Preferably, where the first transistor is a pnp bipolar
transistor, the second and third transistors are npn and pnp

bipolar transistors, respectively.

However, where the first transistor is a P channel enhancement
type MOSFET, the second and third transistors are N and P

channel enhancement type MOSFETs, respectively.



channel enhancenent type MOSFETs, respectively. WO 01/13492 PCT/ SG9/ 00084
4 Preferably, the base of the second transistor is coupled to the
collector of the third transistor, and the base of the third transistor is
coupl ed t o ¥dMB#Ror of the second transistor. Typical | yPCI/SE9%08¢8dt to t he
el ectronic switching device is coupled to the emtter of the third
transistor, the output is coupled to the emtter of the second transistor,
and the activating input is coupled to the base of the third transistor
and the collector of the second transistor. Typically, the switch circuit

may al so coRERSgbBy f it risenak thdMdcmantashs£orY 64 WBupieaagcsi vating
I nput of the electronic swtching device which permts the swtch circuit

to be swit¢hedcohlemtiong cin thkeethird airagisgsabr, Topd atd paskhef shétch
circuit my_bhe switched on by applying a voltage with a sufficiently |ow

magni t ude FBlFﬂeCE?Eﬁﬁﬂtqrh&ﬁtCEBH%%ﬁntq<§°1ﬁ8FﬁB¥d°%n§h§ #reopdse of the
third transi Bgistﬁgternatlvely the first signal input contact may be used
to smntch e swtch circuit off by applying a voltage of a sufficiently
hi gh magnitude to reverse bias the base of the third transistor.
Typically, the switch circuit may further conprise a second signal input
cont act coﬂwpéqalbehémcde@ctbo igie tdilectimpnilc swindiisgodeafce tixe base of
t he second traTS|stor to per

coupled to the emltter of the third transistor, the output is

coupled to the emitter of the second transistor, and the

activating input is coupled to the base of the third

transistor and the collector of the second transistor.

Typically, the switch circuit may also comprise a first signal
input contact coupled to the activating input of the
electronic switching device which permits the switch circuit
to be switched on using an electrical signal. Typically, the
switch circuit may be switched on by applying a voltage with a
sufficiently low magnitude to the sgignal input contact to

forward bias the base of the third transistor.

Alternatively, the first signal input contact may be used to
switch the switch circuit off by applying a voltage of a
sufficiently high magnitude to reverse bias the base of the

third transistor.

Typically, the switch circuit may further comprise a gecond
signal input contact coupled to the collector of the third
transistor and the base of the second transistor, to permit

the electronic switching device to be switched off, and



the el ectronic switching device to be switched off, and WO 01/ 13492
PCT/ S&09/ 00084 5 therefore, the first transistor to be switched off, by

appl yi ng an‘ﬁéﬁ%F ical signal to the second signal input 931,%)51“

Typi cal ly, ctrical signal applied to the second s

contact is a ground signal. The advant ﬁge of the first and second signal

I nput contacts are that they permt the switch circuit to be swtched off
by the el ectronic equipnment being supplied by the power supply without
requiring activation of the nonentary switch. Alternatively, the first and
second si grnderiefiput, ctin¢é atiirst peansistde tonbechwitelnd offe bg switched on
and off by a _renote system w thout requiring activation of the nonmentary
switch. Pr&RayBRg annelefhrdcadefdgnil div ¢8¢i seceushpriggad anPepaci t ance

device and typically, .t hird resi ce device | ral.l el with the
capaci tancecoé‘%\?f:gé. %}%ara}lllyy, tﬁ%egis%c CRec Pg%’,‘?ffaﬁ’%?ﬁgﬁ g%n% % ses a
fourth re%e%foiacgigﬁﬂCﬁxfﬁﬁuebﬁea@@tw@ﬁg&aﬁn&r@iéﬁ&.and base of the
first transistor and a fifth resistance device coupl ed between the base of
t he second transistor and the output of the electronic swtching device.
Exanpl es of a switch circuit in accordance wiith the invention w Il be now

be descri bdenRENaRERLS ifc EheotLRgt ARD HEEAPH nTLInAladRYE, coREaftisch:

are that they permit the switch circuit to be switched off by
the electfonic equipment being supplied by the power supply
without requiring activation of the momentary switch.
Alternatively, the first and second signal input contacts
permit the switch circuit to be switched on and off by a
remote system, without requiring activation of the momentary

switch.

Preferably, the pulse generation device comprises a
capacitance device and typically, a third resistance device in

parallel with the capacitance device.

Typically, the switch circuit further comprises a fourth
resistance device coupled between the emitter and base of the
first transistor and a fifth resistance device coupled between
the base of the second transistor and the output of the

electronic switching device.

Examples of a switch circuit in accordance with the invention
will be now be described with reference to the accompanying

drawings, in which:-



WO 01/13492 PCT/ SG9/00084 6 Figure 1 is a circuit diagramof a first
exanple of a switch circuit with a nonentary switch in an open position;
Figure 2 i ydot hjggwt di agram of the switch circuit of F 1]]“}%th t he
nonentary swtch in a closed position during swtching on e switch
circuit; Figure 3 is a circuit diagranmgof the swtch CII‘CUIt of Figure 1
W th the nonmentary swtch in a closed position during swtching off of the
switch circuit; Figure 4 is a circuit diagramof a second exanple of a
swtch circuit; Figure 5is a circuit diagramof a third exanple of a
switch circuit; FFB‘gH?el @ﬁ@&l@c%m@lqm@gr & effarﬁibtﬁiqampénaqple of a
switch circuit; ematic dlaramsc}fl) the switch circuit

of Figures 1 t 0S¥t g‘gﬁgnﬁl{éﬁ'& f"'&ggo“f‘lt’?’ﬂ'l‘entél cfrit °PFBm a rectified

AC mai ns suppl yposktghe 8 is a schematic diagram shovm ng the switch
circuit of Fi gures 17to 3 being used to control an AC power supply for a
hi gh power consetipurere |imdi camduit Fiigramd ofStRe Céwitdh cdiragianeof a fifth

exanple of a switch circuit. Figure 1 is a circuit diagramshow ng a
switch circuit ¥dgure 1 with the momentary switch in a closed position
during switching on of the switch circuit;
Figure 3 is a circuit diagram of the switch circuit of
Figure 1 with the momentary switch in a closed position
during switching off of the switch circuit;
Figure 4 is a circuit diagram of a second example of a
switch circuit;
Figure 5 is a circuit diagram of a third example of a
switch circuit;
Figure 6 is a circuit diagram of a fourth example of a
switch circuit;
Figure 7 is a schematic diagram showing the switch
circuit of Figures 1 to 3 being used to control
electrical power from a rectified AC mains supply;
Figure 8 is a schematic diagram showing the switch
circuit of Figures 1 to 3 being used to control an AC
power supply for a high power consumption load; and,
Figure 9 is a circuit diagram of a fifth example of a

switch circuit.

Figure 1 is a circuit diagram showing a switch circuit 10
which acts as an interface between a power supply in the form
of a battery 11 and a load represented by resistor R5. The

switch circuit 10 includes a pnp bipolar transistor Q1 with



whi ch acts as an interface between a power supply in the form of a battery
11 and a Ioad represented by resistor R5. The switch circuit 10 includes a

pnp bi pol a stor QL with WO 01/13492 PGI/'SG9/ 0008 tter of
the transi s l9‘1%%5coupl ed to the positive termnal of t#crgsc{g?gorogpll The -

col | ector term nal of the transistor Q1 is connected to one side of the
load R5. A resistor R8 is coupled between the emtter termnal and the
base termnal of the transistor QL. The base of the transistor QL is also -
coupled to the emtter of a second transistor B via a resistor Ri. The
transi stor t@e esitteon ot theptbamrlslrort Ansoepbed tbheéhenposErivesr m nal of
t he second tranS| st or I's also coupled via a resistor R6 to a contact
14 of a noiFEXPARSL sof t"é}‘F Settappiker d&Mt sellagtas ttaﬁ@m%n‘%ttéﬁ/ switch Si

|s coupl ed tg:' nghﬁigpldle%.t Ok %ﬁ%é@;%ﬁ to oneacfdélfafﬂ'?:h%t ?oaijéll a a capaci tor

C and resis ar a e cont he nonent ary switch S1

is al so coypkedtbp RE hies Reep1éervatidlenoththemsaeandetndnsi Sy &R and to
the collector termnal of a third transistor 2. The third transistor @

is an npn bapel berminalsicft she Trandistero0lt heThe asd ofatlse stor Q2 i s
coupled to the collector of _the second transistor @ and the emtter of
the third tFaR8ister Vp issalgg gtmiadrty Ehreirtitisrenfialiseeond a a resistor

R2. The cllggt 9fo2fod RS8P0 JUANRSt Ofn R a9 8L 50 SRl L Y 10e,

pnp bipolar transistor. The emitter terminal of the second
transistor Q3 is also coupled via a resistor R6 to a contact
14 of a momentary switch S1. Another contact 13 of the
momentary switch S1 is coupled to the collector terminal of
the transistor Q1 via a capacitor Cl and resistor R4 in

parallel.

The contact 14 of the momentary switch S1 is also coupled to
the base terminal of the second transistor Q2 and to the
collector terminal of a third transistor Q2. The third
transistor Q2 is an npn bipolar transistor. The base of the
third transistor Q2 is coupled to the collector of the second
transistor Q3 and the emitter of the third transistor Q2 is
coupled to a ground potential 12 via a resistor R2. The
collector of the second transistor Q3 is also coupled the

ground potential 12 via resistor R3.

In parallel with the components described above is a capacitor
C2 which is coupled between the collector of the first
transistor Q1 and the ground potential 12. The capacitor C2

is also in parallel with the load R5.



ground potential 12 via resistor R3. in parallel with the conponents
descri bed above is a capacitor C2 which is coupled between the collector

of the firéﬁ)oéﬁﬁ sistor QL and the ground potenti al 12éd%$%6%§%ﬁggtor C2
is also in A2 with the |oad R5. WD 01/13492 PCT/ S The
positive termnal of the battery 11 is coupled to the emtter term nal of
the first transistor QL and the resistor R8 and the negative term nal of
the battery 11 is coupled to the ground potential 12. However,
alternatively, the negative termnal of the battery 11 nay be coupled to a
floating pOteposakive useyirdle ofwihe hbatiteryi t110s opaupled tas thel | ows.

Initially, wth the nonentary switch S1 in the position shown in Figure
1, the swi tTHEEEFCOPE™IRRL Of Fhendipft SHansd shry @heand rthissivesdetor) , Q-

d d f t here_i gsed ciycuit pat nd t he
o ton o r i 0 ele negBSf CfRal P End bRRESLE T i) BRbieREe bar tery
11 to the |90 RBundVh6redt RISl Chughésd ! alPetiat IvdfiE ¥k SLELEsvd Ne

only power consunption is a reverse |eakage power consunption rough the
transi st or $e@ming2, ofBthwibattiesyvill tway Ihe regblgiibte £ @Ratedg with the
self discharging current of the battery 11. Accordingly, the initial

pot ent i al éFgﬁﬁglﬁﬁints 1, 2, 3, 4, 5, 6, 7, 8inthe circuit 10 and the
status of the transistors are as follows:

In use, the switch circuit 10 operates as follows. Initially,
with the momentary switch S1 in the position shown in Figure
1, the switch circuit 10 is in the off state and the
transistors Q1, Q2 and Q3 are turned off. Hence, there is no
closed circuit path and the switch circuit 10 acts to prevent

a power being supplied from the battery 11 to the load RS.

When the switch circuit 10 is in the off state, the only power
consumptiqn is a reverse leakage power consumption through the
transistors Q1, Q2, Q3 which is virtually negligible compared

with the self discharging current of the battery 11.
Accordingly, the initial potential at the points 1, 2, 3, 4,
5, 6, 7, 8 in the circuit 10 and the status of the transistors

are as follows:

The potential at point 3

E (the potential of the
battery 11);

The potential at point 1

0, as the transistor Q1 is

switched off;

The potential across the base-emitter junction of the



The potential at point 3 = B (the potential of the battery 11); The
potentia: at poi nthl = 0, as the transistor. QL is swtched off; The
potentia e base-emitter junction of the WO 01/ 134R¢

PCT/ S99/ 08’&3@%‘8& first transistor QL = 0; The potentlal at B%".“’ﬁ?‘ 2 = the
potential at point 3 = E; The currentgthrough Ri 0; The potential at
point 7 = the potential at point 2 = E, The voltage across the

base-em tter junction of the second transistor B = 0, as the second
transistor @B is swtched off; The potential at point 4 = the potential at

po: nt 7 = E CH#irehttxane@ierrdl=0: The potential at point 5 = 0; The
vol tage across the base em.tt unct on the th| rd tranS| or = 0;
The current thrgg‘ hPP T ??OPJ’ ﬂ t?‘fh obStey A B po%nt ‘= 0; The

potentlal acr oss gh EuFARACIHRLUGR 1 & o; . The potentlal acr oss the capacity
d 0; and The potential at pdoint 8 = "t he potential at point 1 = 0.
The potential at point 7 = the potential at point

2 = BE;

The voltage across the base-emitter junction of the
second transistor Q3 = 0, as the second transistor Q3 is
switched off;

The potential at point 4 = the potential at point

7 = E; Current through R3 = 0;

The poﬁential at point 5 = 0;

The voltage across the base emitter junction of the
third transistor Q2 = 0;

The current through the resistor R2 = 0;

The potential at point 6 = 0;

The potential across the capacitor C2 = 0;

The potential across the capacity Cl = 0; and

The potential at point 8 = the potential at point

1= 0.

When the momentary switch S1 is pressed to complete the
contacts 13, 14 as shown in Figure 2 an initial closed circuit
(path A) is formed. This causes the base-emitter junctions of
the first and second transistors Q1, Q3 to be forward biased
thereby turning on transistors Q1, Q3. This generates an
initial current, contributing to the base current for the
first and second traﬁsistors 01, 03, which surges across the

resistor Rl through path A and rapidly drops to zero due to



When the nmomentary switch S1 is pressed to conplete the contacts 13, 14 as
shown in Figure 2 an initial closed cirﬁui: (pathdA) IS Bo[ned..TPls o
causes the phase-emtter junctions of the first and secon ransi st ors ,
03 to be f&?ﬂgyﬂs i ased Jthereby turning on transistors QECTERIHidS
generates an initial current, contriaﬁbing to the base current for the
first and second transistors Q1, @3, ch surges across the resistor Rl
through path A and rapidly drops to zero due to WO 01/13492 PCTI SG99/ 00084
10 the presence of the capacitor Cl. This surge in base current drives the

first and sex@nskdsente 6t otle PapaBtbpt @1 Satial is@Rge M Erasel Bikt-apeousl y,
the initial surge current passes through to resistor R3 (path B). As the

vol tage acréskverg the farsedand gricding Huensistdre Q05 ge3 clurematurheion
base-em tter [unction of the third transistor 2 is forward biased thereby
turning on "% third transistor @. Simlarly, the third transistor @ 1is
al so driven into saturation node. The third transistor @ takes |ts.base
current fromthe second transistor B3 and at the sane tinme, the third

transi stor simppanesublp, bese Gitiant shfgd MRrseeeNHdat s SirREn Lo
Therefore, the voltage across the base-enmitter junction of thé second
t ransi st or XBsisfoyaRAt dPakll Blor wasdthe aseltaget acrhes Rinisjrbﬁaaalstﬁr Q@ in
saturated node as illustrated by path C while the voltage across the
base-enitté?a?ﬁﬁlﬁ:FBﬁ g? ﬁ%ﬁasu ge current, the base-emitter junction of

the third transistor Q2 is forward biased thereby turning on

the third transistor Q2. Similarly, the third transistor 02

is also driven into saturation mode.

The third transistor Q2 takes its base current from the second
transistor 03 and at the same time, the third transistor
supplies the base current to the second transistor Q3.
Therefore, the voltage across the base-emitter junction of the
second transistor Q03 is maintained forward biased with the
third transistor Q2 in saturated mode as illustrated by path C
while the voltage across the base-emitter junction of the
third transistor Q2 is kept forward biased by the second
transistor Q3 operating in saturated mode as shown by path B.
In this way, without external current supply, the combination
of the second and third transistors, Q3, 02 will keep each
other conducting as long as the battery 11 is coupled to the
emitter of the second transistor Q3, that is the battery 11 is
coupled to point 7 in the switch circuit 10. Therefore, the
second and third transistors Q3, 02 form a thyristor device
which is triggered b& the surge current generated in the

switch circuit 10 when the momentary switch S1 is actuated.



third transistor 2 is kept forward biased by the second transistor @
operating in saturated node as shown by path B. In this way, wthout
external curr upply, the conmbination of the second '

transi storét{o@%"%z wi |l keep each other conducting as %ggghgdsmgsﬁe battery
11 is coupled to the emtter of the ggcond transistor B, that is the
battery 11 is coupled to point 7 in the switch circuit 10. Therefore, the
second and third transistors @B, @@ forma thyristor device which is
triggered by the surge current generated in the switch circuit 10 when the
nmonent ary Shierefiosd, ieveacwhenepatiWd (B PRED2CHTHISCIvLE0begEhe 11 Ther ef ore,

even when path Ais open circuit dye to.th capacitor_Cl. bei ully

char ged, tf@PEFH5RE %f&e&r“fa r%ﬁﬁ?’ B:Li"a&ﬁ&dpagﬂecf: St SRS B rd biasing
of the baseg-gmn re o 1: NSy, Of i d Rhedpd sansdsleeks @, Q.

Ina sim I%él?n}r:r%%ﬁe? ,Iﬁaﬁ%%ﬁgsg?%rg#t%fajegggg%ﬁ%of thebfi rst ltrtansi stor QL
i s al so nuijRhatNeds i 6F aHeowwaOAd hirgs ethiraderansistarssobasez curlrent driven

into saturation node. Therefore, in this state the switch circuit 10 is
turned on samdlaovweaniner,sEbgl besetaWidtgh TRBCEIUhSEsERe FHrd% the | oad RS5.

It should be noted that when nonmentar, w.tch S1 is t uat ed 0.C | ete
the cont act-2281549F t%e ?aﬁgé?t‘ﬁar%r&fl%’?acﬁﬁr e’} rd?ﬁ?’%%%‘ﬁ “boé{ehw ?HpV\hen
capaci tor Gl ﬁaég'édrxfé?ﬁraggvemr?to REeUeREt Sod Wddaer current passing

t hrough thé capacitor Cl an

Therefore, in this state the switch circuit 10 is turned on
and power is supplied through the transistor Q1 to the load

R5.

It should be noted that when momentary switch S1 is actuated
to complete the contacts 13, 14 the capacitor Cl is charged up
through path A. When capacitor Cl is fully charged, this
prevents further current passing through the capacitor Cl and
therefore, path A changes to open circuit. Therefore, it does
not matter for how long the momentary switch S1 is actuated,
as Cl will cause path A to go open circuit when it is fully
charged. When the momentary switch S1 is released, the
capacitor-01 will start to discharge through the resistor R4

to a zero charge state.

When the momentary switch S1 is actuated again to complete the
contacts 13, 14 (see Figure 3) a closed circuit path D is
formed in the switch circuit 10 as the capacitor C2
discharges. Therefoie, the point 4 is momentary short

circuited to point 8 during actuation of the switch S1.



therefore, path A changes to open circuit. Therefore, it does not matter
for how long the nonentary switch Sl is actuated, as O wll cause path A

t.o go open é'zHIJ" when it is fully charged. \Wen the nogg?{éﬁg%ﬁ&w tch S1

Is rel ease capacitor ClL wll start to discharge th e resistor
R4 to a zero charge state. \Wen the ITE ntary switch S1 is actuated again
to conplete the <contacts 13, 14 (see Figure 3) a closed circuit path Dis
formed in the switch circuit 10 as the capacitor :C2 discharges. Therefore,
the point 4 is nonentary short <circuited to point 8 during actuation of
the switch @wevm,omh@a@ne RE&H8GE3er00081s il Iyowhaeged whiche tdapacdpaei t or
Cl is fully_cha S:e capacitor Cl effectively nmake path D open
circuit. Weh§ cl’f&?ﬁ? Ya‘f‘?k%vﬁatt&hDSPPF% ‘ﬁ*’é%-b‘éd t herefore, point 4
beconmes the sane potential as point 8 which is E-0.2 volts. However, the
voltage at point 2 during the on state of the <circuit 10 is E-0.7 volts.

Therefore, whan IR Roméngees dwden 8a12i¥0hisssdd@nbBASEsAd] gk Ynctions of
the first transistor QL and the second transistor B are no | onger forward

bi ased andbedmnes the gave seetmmtimdansi Borts 8QWhi€B aseEsmiz aloddsof f. W th

t he second ransistog %in its off node, _the base of the second
transi stor I%ﬁ"? ey £ge TR 30 PORRE ch Liingh&ReoPR stafe Ofi £het ransi st or

Q. Ther ef Oéﬁ*clflrle 1%\’\"1% % &"f C\}Hltt:slo ﬁ'ﬁeréf’grt Chegegf po:l.nr"f:I tl"jlgoterze]:etf ! éSt

transi stor IS swtc
0 2 volts, the base emltter junctions of the first transistor

Q1 and the second transistor Q3 are no longer forward biased
and the first and second transistors Ql, Q3 are switched off.
With the second transistor Q3 in its off mode, the base of the
second transistor Q3 is also switched off which switches off
the third transistor Q2. Therefore, the switch circuit 10 is
switched off and as the first transistor Q1 is switched off,
no power is supplied from the battery 11 to the load R5 and
the remaining charge in the capacitor C2 discharges through

the locad R5.

After the.capacitors Cl and C2 discharge completely, the
switch circuit 10 reverse to the initial off state in which no
power is supplied to the load R5 from the battery 11 and the
only power consumed by the circuit 10 is the reverse leakage
current through the first, second and third transistors Q1,

Q3, Q2 which is virtually negligible.

A second example of a switch circuit 15 is shown in Figure 4.
The switch circuit 15 is identical to the switch circuit 10,

except that the circuit includes a signal input contact 16 at



no power is supplied fromthe battery 11 to the load R5 and the renaining
charge in the capacitor C2 discharges through the |load R5. After the
capacitors Cl and C2 discharge conpletely, the switch ci ' everse
to the ini WAVI3R state in which no power is suppliediééﬁ*%wﬁﬁﬁd R5 from
the battery 11 and the only power coqﬁyned by the circuit 10 is the
reverse | eakage current through the fTrst, second and third transistors
Q,, @, @ whichis virtually negligible. A second exanple of a switch
circuit 15 is shown in Figure 4. The switch circuit 15 is identical to the
swi tch circpintl®, ofexbeptirdait.t heheisignal iinphtidesntacti gealisi nput cont act
16 at WO 01/13492 PCT/ SGR9/00084 13 point 5 of the circuit. The signa

i nput cont RANEGTES teoRHRIERIPiCo eERERSNILT  e{Bi el thE eERIERISRE t he

e s

contact 16 | & Fonic & ur pren urn of f

aut omat i cal doht fRr 18Xa8Phers afeCb18cPFSHIR! ULNipASnDEIT @& t@bntit@e1The
el ectroni c equi pnent 17 turns the switch circurt 15 to the off state by

appl yi ng a ggpouutopatiboal ki, tfort keamslgnalftiempat predetarmihédwbetodw t ches
off the third transistor. Q2 which in turn switches off the second
transi st or ofQFimehi sThaRERCHIRLS \PEIPRINL 47t LYERE J-h5e BHECR prtr Miteui t

which switc of f _th f'rg% ' t o d.aQver ply from
t he batter yﬂ(la%ot 5fhfah8§1"o%%a %Tanngf{?%g ngt_._—Suﬁ& poten o thé :
signal input contact 16 which switches off the third
transistor Q2 which in turn switches off the second transistor
Q3. This causes the switch circuit 15 to become open circuit

which switches off the first transistor Q1 to cut off power

supply from the battery 11 to the load 17.

Figure 5 shows a third example of a switch circuit 20 which is
similar to the switch circuit 15 except a signal input contact
21 is connected at point 4. The signal input contact 21 when
coupled to the electronic equipment 17 permits the electronic
equipment 17 to switch off the switch circuit 20 by applying a
high voltage state signal to contact 21. This causes the base
emitter junction of the first and second transistors Ql, Q3 to
be reversed biased which switches the first and second
transistors Q1, Q3 off. With the first and second transistors
Ql, O3 switched off, the third transistor Q2 is also switched
off as the potential at point 5 drops to zero and the switch

circuit 20 is switched into the off state.

In Figures 4 and 5 it is important that the electrical

connection from the electronic equipment 17 to the signal



Figure 5 shows a third exanple of a switch circuit 20 which is simlar to
the switch circuit 15 except a signal input contact 21 is connected at

poi nt 4. TRR) aih | input contact 21 when coupled to thep rﬁﬁfo yC
equi prent 1 pe?‘r%?ts the electronic equipnment 17 to svvitc‘#o faﬁe switch

circuit 20 by applying a high voltagegtate signal to contact 21. This
causes the base emtter junction of the first and second transistors Q)
B to be reversed biased which switches the first. and second transistors
QL, B off. Wth the first and second transistors Q, @ switched off, the
third transi®usr ceptact gléso 23wl schetntasifedagtt Achimh dmpeslange poiatl 5 drops
to zero and,the switch circuit.EO Is_switched,into the off state. In
Figures 4 andc8 FYCTRS S Pafit' ﬁ’ét"“tie“@?‘é t 17 AT LTS EC BR®from t he

el ectronic ngﬂgﬁngﬁf,ut;?cg&atcteelgi’ ggpl WO 01/13492 PCT/ SG9/00084 14 input
contact 16, 21 is nmaintained at a high inpedance at all tinmes except when
a switch off signal is delivered to the signal input contact 16, 21.
Figure 6 shows a fourth exanple of a switch circuit 25. The switch circuit
25 is proviFdedrei fhskovs rssifonrthcexanpifalofi apaviteh migsnit626orfeet ed to

oint 5 and _a_ _second sw tgch.signal,.inpput_contact 21 copnnegted to point 4.
The swit on eareh Pl o 15 SEoriacd i 81 Denk G ShEnBATEE 11 1o
elect 1 oni ¢ cof@bRea! cihectiCLS AL IRl GOBLAGIE shivchladlfaroup! ed to

a renote electronic system 27 whic as Its own power sw
input contact 21 comnnected to point 4. The switch circuit 25

controls the supply of power from the battery 11 to electronic
equipment_26.. The switch input contacts 16, 21 are coupled to
a remote electronic system 27 which has its own power switch
incorporated therein. The power switch incorporated within
the remote electronic system 27 may be a switch circuit
similar to any of the switch circuits 10, 15, 20, or may also
be a switch circuit 25, controlled remotely by a further

remote electronic system.

The switch circuit 25 permits remote power control from the
other remote electronic system 27 and may be used for example,
with a multi-unit system. The remote system 27 can switch the
switch circuit 25 to the on state by applying a ground
potential (or a sufficiently low level voltagé) to the signal
input contact 21 to forward bias transistor Q3.

Alternatively, the remote system 27 can switch the switch
circuit 25 to the off state by applying a ground potential

signal to signal input contact 16.

In all the switch circuits 15, 20, 25 a momentary switch S1 is



I ncorporated therein. The power switch incorporated wwthin the renote

el ectronic system 27 may be a switch circuit simlar to any of the switch
circuits 10, 15, 20, or may also be a switch Circuit 25, ed
renotel y bWOPA2 her rendte el ectronic system The swi tpcgﬁ.g%%@h’%‘t 25
permts renote power control fromthe ther renote el ectronic system 27
and may be used for exanple, wth a nﬁgti-unit system The renote system
27 can switch the switch circuit 25 to the on state by applying a ground
potential (or a sufficiently low level voltage) to the signal input
contact 21 §eifprpvovddedashicisiradios 83usdt ty mahuyEly, switelr enot e system
27 can switch the switch circuit 25 to the off state by applying a ground
potential sigrats @5si ghal 25 imiweepnthetofifs andhonl BtatrRsswitch circuits
15, 20, 25 a nonentary switch Si is WD 01/13492 PCT/ 3&9/00084 15 still’
provi ded which permts a user to manually switch circuits 15, 20, 25

bet ween t he, of A aa e IV ®eif tg&:r{ eL8yst em bei ng
connect ed t%g ;s%gég%ae?ga?%g%?é%o%acfggﬁ%,é%g%te:mt %ies %osm ie that the renote
system 27 cgapshdte GapaectestdntsA 18, ngl eit iite poestbléethdth@heSwehote Circui t
15 or the switch circuit 20. In the case of the switch circuit 15, the
renote systsystEm Wdulcguidi betramecthe kY reingls bjneupplatithgrathe .
sufficient!y highvoltage, Levelond ,i0G: Ll 98U FOhACLaEQ pd switeh

the switch circuit 15, the remote system 27 would switch on

the circuit 15 by supplying a sufficiently high voltage level
to the signal input contact 16 and switch off the circuit 15

by applying a ground potential to the signal input contact 16.

Where the .remote system 27 is connected to signal input
contact 21 in circuit 20, the remote system 27 would switch on
the circuit 20 by applying a ground potential to the signal
input contact 21 and switch off the circuit 20 by applying a
sufficiently high voltage level to the signal input contact 21

to reversé bias the first and second transistors Q1, Q3.

Although the switches 10, 15, 20, 25 are shown controlling the
supply of power from a battery 11 to load R5 or electronic
equipment .17, 26, the circuits could also be used to control
the supply of power from a rectified AC supply and from an AC
main supply to electronic equipment having a heavy power

consumption.

Figure 7 shows an example of the switch circuit 10 being used

to control a rectified AC power supply from a transformer K2



by applying a ground potential to the signal input contact 16. \Were
the.renote system 27 is connected to signal input contact 21 in circuit
20, the renote system 27 would switch on the circuit 20 by applying a
ground pot ®Q0l43420 the signal input contact 21 and swi t'éﬁ"ﬁ’g"’%’”ﬁ‘b circuit
20 by applying a sufficiently high voltage |evel to the signal input
contact 21  to reverse bias the first ahd second transistors QL, @&.

Al t hough the switches 10, 15, 20, 25 are shown controlling the supply of
power froma battery 11 to load R5 or electronic equipnent.17, 26, the
circuits coild Ales@1b@atiseredtad Gt bl ot cHdPBBY OfioAME!, fkaRta
rectified AC supply and froman AC nain supply to electronic equi pnment
havi ng a heawnecuyiowao coubd urptrnepiacEdgoy eany sfoewiteh exianpliesofist heoswi t ch
circuit 10 being used to control a rectified AC power supply froma
transformer2%2 WO 01/ 13492 PCT/ S&@9/ 00084 16 and a full wave rectifier 29
to a |l oad 28. However, switch <circuit 10 could be replaced by any of
switch circuits 15, 20, 25. Figure 8 shows the switch circuit 10 being
used to CONg{Rire BOWRHWS VP Youfitel alr&H TR BeSHEPhYed & A BRyy1! oad 30
through a.transfornmer K2, a relay R a diode D4 and a battery 32. Figure 9
i S a circuipowdraguaplyghbmwbm e Ad hinexanply ¢b a hsawy dlvagd Bouit 40. The

switch circuit 40 is identical to the )
through a.transformer K2, a relay R, a diode D4 and a battery

32.

Figure 9 is a circuit diagram showing a fifth example of a
switch circuit 40. The switch circuit 40 is identical to the
switch cifcuit 10 except that the bipolar transistors Ql1l, Q2,
Q3 are replaced by enhancement type MOSFETs M1, M2, M3
respectively. The transistors M1, M3 are P channel
enhancement type MOSFETs and the transistor M2 is a N channel
enhancement type MOSFET. The principle of operation of the

switch circuit 40 is identical to the switch circuit 1o0.



switch circuit 10 except that the bipolar transistors Q, @, @3 are
repl aced by enhancenent type MOSFETs ML, M2, M3 respectively. The

transi stors ML, M3 are P channel enhancenent ftype l\/DSFEEgT E‘F’ &{Lg
transi st orWOPYi349 N channel enhancenent type MOSFET. T 'g it pl e of

operation of the switch circuit 40 is_jdentical to the swtch circuit 10.
WO 01/ 13492 PCT/ S@9/00084 17 - - - 4411111 111111 B 0 v s s s s

Claims * CL Aswitch circuit for controlling the s el ectrical’
power froman el ectrical power source to a |oad, H}M H!IJE’"LHH
conprising a first transistor, the engidids oOf the frrs adapted
to be coupled to the power supply and the collector adapted to be coupl ed
to the load; an electronic switching device conprising an input, an output

adapted to be coupl ed the other side qof the |oad and the power source,
and an acti¥ati Ay Wﬁﬁﬁi’ CLr qYits £OF cEPRYTRIIE NI EYR cRURRIIPIPEd bet ween t he

base of thef n t € nLc t chi ng
device; a ﬁeblrée(%%rc %/[Lag %%rﬁglv?ﬁgé?gr%%@é%dg Is)g%:%nd&{ ermli:%aiEl :,Lé%}%'e
activating dipywiceh ElfcelteompPisimyVd vl deamsiestedrypbhd émiddea fir st
term nal of the nonentary switch; a pul se generation device coupled

bet ween t hefcdhleeftivst ofranadistprsadaptaditot be avwpldse tossbenpowar m nal of

t he nonent ar wtc
%p%. ang tl:?en dco%.l%fé%lggea ahg)trelc{l %o be coupled to the load; an

electronic switching device comprising an input, an output
adapted to be coupled to the other side of the load and the
power source, and an activating input; a first resistance
device coupled between the base of the first transistor and
the input of the electronic switching device; a momentary
switch having first and second terminals, the activating input
of the electronic switching device coupled to the first
terminal of the momentary switch; a pulse generation device
coupled between the collector of the first transistor and the
second terminal of the momentary switch; and a charge storing
device coupled between the collector of the first transistor

and the output of the electronic switching device.

2. A switch circuit according to claim 1, wherein the

electronic switching device comprises a thyristor device.

3. A switch circuit according to claim 2, wherein the

thyristor device comprises second and third transistors.

4, A switch circuit according to claim 3, whexein the base

of the second transistor is coupled to the collector of the



devi ce coupl ed between the first transistor and the

out put of the el ectroniﬂﬂwmﬁmﬂam‘ 2. Aswitch circuit according to
claiml, V\%r?)lﬂw% nice sw t chi ng devi ce conpri sesystobooks St or

devi ce. A ch circuit according to claim2, wherein the thyristor
devi ce conprises second and third tranggstors. 4. A switch circuit
according to claim3, wherein the base of the second transistor is coupled
to the collector of the 111211211 I | | i | | 111112111112111111 WO 01/13492 *
c L MSPCI/SG' /00084 18 third transistor, and the base of the third
transi st or tbir@omﬁr@ismrt.hen@onh%&a@ﬁ of the Hugehgrapahsterors 5. A
swtch circuit ac ord| Ia|m4 erein t elnput of the electronic
swi t chi ng dEWBJg %C'fcf‘i‘éoéz'm eFeC?ﬁ‘ tHE"EHFFG* t ransi stor, the
out put is coupled to t he emtter of the second transistor, and the
activating input is coupled to the base of the third transistor and the

coll ector obf.thea sepnl direnst Sie@fordingAtsVelsim Gl,r whieke 86 Celidli fighdto any
of the preceding clainms, wherein the first transistor is a bipolar
transi st or . of 7the\ e\gataiendr gl tchime dgvizget b5 aﬁg}lpdﬁdc Fai Hie lenigter

wherein the first tr.ansistor 8 Asvmt It accordlngto
claim7, wh8FeFhe (Hiir FE?lf’éo’énI@ngﬁggﬁfén{st k%‘l’tt&l M EEREt ch
circuit accgedifg dQdlPiPafs el depandgat a8ivating input is coupled

to the base of the third transistor and the collector of the

second transistor.

6. A switch circuit according to any of the preceding

claims, wherein the first transistor is a bipolar transistor.

7. A switch circuit according to any of claims 1 to 5,

wherein the first transistor is a MOSFET.

8. A switch circuit according to claim 7, wherein the

MOSFET is an enhancement type MOSFET.

9. A switch circuit according to claim 6 when dependent on
any of claims 3 to 5, wherein the second and third transistors

are bipolar transistors.
10. A switch circuit according to claim 7 or claim 8 when
dependent on any of claims 3 to S, wherein the second and

third transistors are MOSFETs.

11. A switch circuit according to any of the preceding



e
e

any of clains 3 to 5, wherein the second and third transistors are bi pol ar

transistors. 10. A swtcg i i ing to claim7 or claim8 when
dependent on any of cl a\‘iﬁ“ﬂ“ﬂﬂ“‘l\mﬂmﬂl n the second and _third
transi st orWORVE4MOSFETs ! MMM W %S\ teh eircuit accordi ng EEVRP81B4¢ he
preceding WO 01/13492 | I"1"1 L0 e inr 11 11 11 PCr/S@9/00084 C
L MS 19 clains, wherein the pul se géﬁ%ration devi ce conprises a

capaci tance device. 12. A switch circuit according to claim 11, wherein the

pul se generation device further conprises a third resistance device in
paral l el wichhikhBe ¢H@ASid aMeepdeyé Cgenekdt ibnSabtide Gopeibedtgording to any
of the preceding clains, further conprising a first signal input contact
coupl ed t o capecatanvatdewjaenput of the electronic switching device. 14. A
switch circuit according to any of clainms 3 to 5, or any of clains 6 to 13
when dependent on any of clains 3 to 5, further conprising a second signal

| nput_cont agt COUPLER 10 18 EOLLEH Mg ko BEatdiFH) WhBRSHA! e and the
base of thé* second tFansistor.
pulse generation device further comprises a third resistance '

device in parallel with the capacitance device.

13. A switch circuit according to any of the preceding
claims, further comprising a first signal input contact
coupled to the activating input of the electronic switching

device.

14. A switch circuit according to any of claims 3 to 5, or
any of claims 6 to 13 when dependent on any of claims 3 to 5,
further comprising a second signal input contact coupled to

the collector of the third transistor and the base of the

second transistor.



