
Method and system for determining a signal vector and
computer program element Field of the invention The
invention relates to a method for determining a signal
vector, a system for determining a signal vector and a
computer program element. Background of the invention
Recent research in information theory has shown that
the wireless channel capacity in a MIMO (multiple
input multiple output) communication system can be
increased linearly with the number of transceiver
antennas. The great potential for achieving high data
rate in wireless communications by exploring the
spatial domain using multiple antennas has been
attracting more and more attention in the business and
scientific communities. The IEEE 802.11 wireless local
area network (WLAN) working group has set up the task
group 802. H n for standardization of higher
throughput enhancements .of 802.11 by using MIMO
technologies. It is supposed to provide more than
lOOMbps (e.g. 320Mbps with 20MHz bandwidth) data rate
transmission in a WLAN system. In fact, MIMO
techniques are also considered as promising for other
standards, such as the IEEE 802.16 WiMax (worldwide
interoperability for microwave access) for high data
rate broadband wireless access (BWA) , the IEEE 802.20
and 3GPP HSDPA (high speed downlink packet access) for
high data rate cellular systems, and the WiMedia
Alliance / 1394 Trade Association for very high data
rate wirelesspersonal area networks (WPANs) with
probably more than 1 Gbps transmission rate. In
theory, the great channel capacity promised by MIMO
systems is fully achievable only by using the optimal
maximum likelihood (ML) detection at the receiver.
However, the major problem associated with such a
nonlinear receiver is its computational complexity,
which increases exponentially with the number of
antennas at the transmitter and the receiver and the
size of the modulation constellations. Recently, the
sphere detector has been introduced to MIMO systems.
The lure of the sphere decoder is that its expected
(or average) complexity is polynomial (see [1] ).
Unfortunately, the so-called expected polynomial
complexity is only given in some special cases,
whereas in general, the sphere detector still has
exponential average complexity. Apart from this, the
maximum complexity of the sphere detector is much
larger than its average complexity. For a practical
system design, a limitation of the maximum complexity
is desirable. However, a sphere detector with limited
maximum complexity is no exact implementation of
maximum likelihood detection. Therefore, suboptimal
detection schemes have to be used in practical MIMO
systems. A considerable amount of research has been
conducted in order to find less complex algorithms or
structures to exploit as much as possible the
transmission capacity provided by MIMO 



channels. Among them, the most popular architecture is
the Bell Labs Layered Space-Time architecture (BLAST)
, including the most practical version so far, the
vertical BLAST (VBLAST, see [2]). According to
V-BLAST, the information data stream to be transmitted
is first de-multiplexed to aplurality of sub-streams,
which are transmitted by different transmit antennas
via a multipath channel. At the receiver, the signals
received at multiple receive antennas are detected
iteratively and the detection order of demultiplexed
sub-streams is optimized from a performance point of
view. It is demonstrated that V-BLAST provides
cost-effectiveness and high spectral efficiency and
that by using V-BLAST nearly 60% of the channel
capacity can be reached. The complexity of V-BLAST is
varied using different detection algorithms (see [3] ,
[4] , [5] ). Essentially, it is much lower than that
of maximum likelihood detection and in the order of
cubic complexity or less in respect of the number of
transceiver antennas. The performance of the
conventional V-BLAST algorithms is, as expected, far
from maximum likelihood detection performance. In
light of this, the so-called QRD-M algorithm, proposed
originally for CDMA (code division multiple access)
multi user detection, has been introduced recently to
MIMO systems (see [6]). QRD-M detection reduces the
computational cost by combining QR-decomposition and
ordered detection with the well known M-algorithm in
the coding theory to simplify the tree searching
process. The performance achieved by QRD-M is
comparable to that of maximum likelihood detection,
especially when the number of antennas and the number
of modulation constellations are relatively low. The
trade-off between performance and complexity of QRD-M
can be adjusted through setting of the parameter M ,
which is the tree searching size in each step.
However, to achieve near optimal maximum likelihood
performance for QRD-M, a largervalue of M needs to b e
used. In this case, the computational complexity o f
QRD-M i s still very high. When its complexity is
limited t o b e comparable t o conventional V-BLAST
detection, the performance of QRD-M degrades quickly.
In other words, QRD-M i s not very efficient in
achieving near optimal maximum likelihood performance.
Therefore, there i s clearly a need to improve the
MIMO system performance with moderate complexity. In
the following, a mathematical formulation o f some
detection methods usable according t o V-BLAST is
given, in particular o f the QRD-M detection mentioned
above. Let a MIMO system according t o the V-BLAST
architecture comprise N transmit antennas and N r
receive antennas. When the transmit antennas transmit
a signal vector d = [d}_, d2f d . ] T , o f which each
component is transmitted b y one transmit antenna and
all components are transmitted 



simultaneously, the received signal vector r = [r, 2r
...,r ] T (each component i s received b y one receive
antenna) can b e written a s r = H d + v (1) where H i
s the Nr x N-j- complex channel matrix with
statistically independent entries and v is the complex
Gaussian noise vector with zero mean and variance sv .
A linear detection is simply t o multiply the received
signal vector r with a linear transform matrix G ,
i.e., the estimated signal vector d can b e
represented a sd = G - r = G - H - d + G - v . (2 )
This linear processing i s also known a s "nulling".
Because the effect o f the linear processing for each
sub-stream i s t o keep the desired sub-stream signal
while suppress o r "null" the other sub-stream signals
a t the same time. The linear detection algorithms
differ from each other b y the selection o f G , which
can b e derived based o n different criterion. The
most common linear detection algorithms are zero
forcing (ZF) and minimum mean squared error (MMSE) for
which the corresponding linear transform matrix are G
= H'+ (3) and G = P HH (4 ) / IT 2 V "-1-
respectively, where P = IH H + sv Ijyi J and the
superscript '+' represents matrix pseudo inverse,
superscript 1H ' represents Hermitian and superscript
'-1 1 represents matrix inverse. A s can b e seen, b y
the linear detection, estimates for all N components o
f d are obtained a t the same time. The interference
cancellation (IC) detection comes from multi-user
detection. According t o this kind o f detection
method, not all N components o f the transmitted
signal vector are detected a t one go. Instead, i t
starts with lineardetection of only one sub-stream by
means of nulling with ZF or MMSE for example, i.e., by
multiplying r_ with a row vector of the linear
transform matrix G instead of the whole matrix G . The
sub-stream (i.e. component of signal vector) detected
first is the one corresponding to the highest
post-detection signal-to-noise ratio (SNR) . Then the
effect of the detected sub-stream is subtracted out
from the received signal vector, resulting in a
modified received vector with less "interferers", i.e.
sub-streams that give rise to interference. This
process proceeds until all the sub-streams are
detected. Let the ordered set V = {k]_, k2, ...,k , }
be a permutation of the integers 1 , 2 , ..., N
specifying the order in which components of the
transmitted signal vector d are extracted. The full
detection algorithm with ZF nulling can be described
compactly as a recursive procedure, including
determination 



of the optimal ordering, as follows: a )
initialization: i - 1 G1 = H+ (5a) b ) recursion Yk =
w . a ( = r) (5d) k1 = Q(yjci ) 5 ea+i = - ki (H)ki
(5f) ki + 1 = arg min ||(Gi + i ) j|| (5h) J k1 ,. . .
,kil i - i + 1 (5i) where (.)j denotes the jth column
of the matrix within the bracket, H . stands for the
matrix obtained by zeroing the columns k]_, k2, ... r
k j of H , |.| denotes length of vector and Q(.)
denotes the quantization (slicing) operation
appropriate to the constellation in use. For IC
detection with MMSE, the steps are similar except that
G (i = 1 , ..., N-J-) are calculated based on the
formula (4) instead of (3) and an ordering is
determined based on matrix J? instead of G as in steps
(5b) and (5h) . As mentioned above, the QRD-M
algorithm is a variant of the well known M-algorithm
or the breadth-first detection algorithm. Essentially,
it puts an upper limit on the number of searching
branches during the tree searching process based on
the maximum likelihood cost function. The maximum
likelihood estimate of the transmitted vector d is the
solution of the following minimization problem: d =
arg min ||r - H d | (6) where ||.|| stands for the
vector norm.Instead o f the brute force searching for
the solution o f (6) a s i n the maximum likelihood
detection, the QRD-M algorithm utilizes
QR-decomposition t o get a modified minimization
problem. d = arg min llr' - QH H dll2 (7) where r ' =
Q H r Q H Q = I Note that the channel matrix H in (7)
i s i n fact a permutation o f the original channel
matrix. It i s re-arranged s o that the column norm i
s in increasing order. Since the matrix R i s a n
upper triangular matrix, decisions can b e made from
the strongest data t o the weakest data sequentially b
y removing stronger data from the received signal i n
each step. The best solution for equation (7) i s
applying the optimal tree searching technique, which
requires searching through S branches (S denotes the
constellation size) . However, the computational cost
grows exponentially with the value o f N - Combining
with the M-algorithm, each survivor path i s extended
and only M branches with minimum accumulated distance
metrics are retained a t each level o f the tree.
Thus, this QRD-M algorithm i s a suboptimal tree
searching algorithm but with lower computational cost
compared t o maximum likelihood detection. A s M goes
t o S ,the detection performance approaches the
maximum likelihood detection performance. 



Summary of the invention The object is achieved by a
method for determining a signal vector, a system for
determining a signal vector and a computer program
element with the features according to the independent
claims. A method for determining a signal vector
comprising a plurality of components from a received
signal vector is provided wherein a component of the
plurality of components is selected, and wherein for
each candidate symbol of a list of candidate symbols,
wherein each candidate symbol represents a possible
symbol for the selected component, a candidate signal
vector for the candidate symbol is generated under the
assumption that the selected component is equal to the
candidate symbol. The signal vector is determined from
the candidate signal vectors based on a quality
measure of the candidate signal vectors. Further, a
system for determining a signal vector and a computer
program element according to the method for
determining a signal vector described above are
provided. Short description of the figures
Illustrative embodiments of the invention are
explained below with reference to the drawings. Figure
1 shows a communication system according to an
embodiment of the invention.Figure 2 shows a flow
diagram according to an embodiment of the invention.
Figure 3 shows simulation results according to an
embodiment of the invention. Figure 4 shows simulation
results according to an embodiment of the invention.
Figure 5 shows simulation results according to an
embodiment of the invention. Figure 6 shows simulation
results according to an embodiment of the invention.
Detailed description Illustratively, a list of
possible symbols for the selected component is used.
The list exists for example of a set of constellation
symbols that are possible for the selected component.
For each of the elements of the list, it is assumed
that the selected component actually equals the
element and under this assumption, the remaining
components are generated. For example, when it is
assumed that the selected component equals a certain
element of the list, the interference that this
element would cause if it was equal to the selected
component is cancelled from the remaining components
of the received signal vector and the remaining
components of the signal vector are determined. The
different candidate signal vectors generated based on
the assumptions that the selected component equals the
elements of the listare compared using some quality
measure and the best one is chosen as the signal
vector to be determined. Near optimal maximum
likelihood detection performance can be achieved. The
invention is especially efficient in and can 



for example be applied to high data rate packet
transmission systems such as WLAN (wireless local area
network) based hotspots, fixed broadband wireless
access systems, 4G cellular based hotspots, WPANs
(wireless personal area networks) etc. The
computational complexity of the invention is, for
example in one embodiment described below,
significantly lower than that of maximum likelihood
detection and the state of the art technologies .
Embodiments of the invention emerge from the dependent
claims. The embodiments which are described in the
context of the method for determining a signal vector
are analogously valid for the system for determining a
signal vector and the computer program element. The
received signal vector can be a radio signal vector
received via at least one antenna. For example, the
received signal vector is a radio signal vector
received via a MIMO system. A candidate signal vector
for a candidate symbol may be determined by setting
the selected component to the candidate symbol and
determining the remaining components. In one
embodiment, the remaining components are determined by
IC detection. The remaining components by also be
determined by linear detection or by another
conventional detection.For example, the component of
the plurality of components is selected that has the
lowest quality in the received signal vector. For
example, the component of the plurality of components
is selected that has the lowest quality in the
received signal vector in terms of post SNR or largest
mean square error. The signal vector is for example
determined from the candidate signal vectors by
determining a metric of the candidate signal vectors
and choosing the candidate signal vector with the best
metric. Fig.l shows a communication system 100
according to an embodiment of the invention. The
communication system 100 comprises a transmitter 101
and a receiver 102. The transmitter 101 comprises a
plurality of transmit antennas 103, each transmit
antenna 103 being coupled with a respective sending
unit 104. Each sending unit 104 is supplied with a
component of a signal vector d where N is the number
of transmit antennas 103. Each sending unit 104
transmits the respective component of the signal
vector d using the respective antenna 103, such that
altogether, the signal vector d is sent. The
transmitted signal vector is received by the
transmitter 102 by a plurality of receive antennas
105, each receive antenna 105 being coupled with a
respective receiving unit 106, in form of the received
signal vector r = via a communication channel 108 . Nr
denotes the number of receive antennas 105, wherein
N-J < Nr .Since N2- and N are bigger than one, the
communication system 100 is a MIMO (multiple input
multiple output) system, for example a MIMO-OFDM
(orthogonal frequency division 



multiplexing) system with N = Nr = 4 or 8 and working
at a center frequency of 5 GHz with a system bandwidth
of 20MHz. Each receive antenna 105 receives one
component of the received signal vector r_ and the
respective component is output by the receiving unit
106 coupled to the antenna and fed to a detector 107.
The transmission characteristics of the communication
channel 108 between the transmit antennas 103 and the
receive antennas 105 can be modelled by a complex
channel matrix H_. The received signal vector r can be
written as r = H d + v (8) where v is the complex
Gaussian noise vector with zero mean and variance sv .
The communication system 100 is in one embodiment
formed according to the V-BLAST architecture. The
signal vector d is generated from a single data stream
that is de-multiplexed in the transmitter 101 into N
sub-streams. Each sub-stream is encoded into symbols
and one symbol of a sub-stream corresponds to a
component of the signal vector d . The communication
channel 108 is a rich-scattering multipath channel and
is assumed to be fading slowly relative to the
signalling such that the attenuation experienced by
one or afew package data is invariant. This assumption
is valid for many systems. For example, the
transceivers are fixed in BWA (broadband wireless
access) systems and the mobility in WPAN (wireless
personal area networks) systems is minimal, hence the
Doppler spread is expected to be very small. For WLAN
(wireless local area networks) and cellular systems,
MIMO techniques are typically designed for those "good
channels" with limited mobility to achieve peak data
rate transmission. For higher mobility situations,
other multiple antenna technologies like beamforming
and selection diversity can be used. The fadings
between the antenna pairs (one pair consisting of one
transmit antenna 103 and one receive antenna 105) are
assumed to be independent. However, the embodiment can
be extended directly to correlated MIMO channels with
some performance degradation. Anyway, it will
introduce a trivial effect on the relative performance
between different detection schemes. The communication
channel 108 is further assumed to be flat fading for
simplicity. However, the embodiment is also extendable
to a frequency-selective fading channel in an OFDM
system, as it is described in [4] and [6] . The
detector 107 uses the received signal vector r to
generate an estimated signal vector d which is an
estimate for the originally sent signal vector d . The
functionality of the detector 107 is explained in the
following with reference to fig. 2 . The detection
method carried out by the detector 107 is referred to
as list detection.Fig .2 shows a flow diagram 200
according to an embodiment of the invention. 



In step 201 a detection order of sub-streams is
determined. This means that an ordered set V = {k ,
k2, ...,k , } is determined, that is a permutation of
the integers 1 , 2 , ..., N - and specifies the order
in which the components of the detected signal vector
d are determined. Similar to the conventional IC
(interference cancellation) detection, the detection
order of sub-streams can be determined using the
channel matrix H . It should be noted, however, that
the optimal order for the list detection carried out
by the detector 107 is different from the optimal
order in conventional IC detection. This is because
the first detected sub-stream in the list detection is
no longer the most vulnerable sub-stream, which is
true in conventional IC detection. In fact, the first
detected sub-stream will be the maximum likelihood
detection with full diversity order achieved and thus
the most reliable one, irrespective of the channel
conditions. Therefore, the first sub-stream to be
detected (corresponding to k in the set V ) should be
selected such that it is corresponding to the "worst"
sub-channel in the conventional IC detection to save
the better sub-channels to be used in later detection,
where the conventional IC is employed. After detection
of the first sub-stream, the detection order for the
remaining sub-streams can be determined in the same
way as in the conventional IC detection.The ordering
step 201 can be summarized as follows: - Identify the
worst sub-stream as the first sub-stream to be
detected, in terms of having least post SNR or largest
MSE (mean square error) by using conventional IC
ordering techniques, such as using pseudo-inverse of H
or square-root techniques, see [5] . - Continue to
identify the best sub-stream in the remaining
sub-streams one by one iteratively, as in the
conventional IC detection. When the detection order is
determined, a candidate list for the first sub-stream,
i.e. the first component to be detected according to
the index k]_ is set up in step 202. This means that a
list of possible symbols for the component djq is
generated. For example, all signal constellations may
be included in the candidate list such that the size
of the candidate list is equal to the constellation
size S . The constellation size S depends on the
modulation used for generation of the symbols forming
the signal vector d . In case of QAM modulation, S
depends on whether 16-QAM, 64-QAM etc. is used. In
step 203, a candidate from the candidate list is
selected (starting from a first candidate, according
to an arbitrary ordering of the candidate list) .
Illustratively, a hypothesis is made that the selected
candidate is the first component (corresponding to
k]_) of the transmitted signal vector d .In step 204,
using the selected candidate as the first component of
d , all remaining components of d successively
determined. 



This can be done similar to conventional IC detection,
for example according to the equations Yk = - (a = r )
d o) dki Q (yki ) (11) a+i a - dki -(H)ki (12) i+ I =
H (13) k i+l = arg min ||(Gi+1 ) j|| (14 ) J s-Hk1 , .
. . , kj_} i - i + 1 (15 ) wherein the equations are
carried out iteratively starting with i=l and ending
with i=Nt (in each iteration, equations (9) to (15)
are processed successively). (.)j denotes the jth
column of the matrix within the bracket, H . stands
for the matrix obtained by zeroing the columns k]_,
k2, - , kj_ of H , ||.|| denotes length of vector and
Q(.) denotes the quantization (slicing) operation
appropriate to the constellation in use. The matrix G
is a linear transform matrix and is initizialized by
G1 = H+ . (16)The result of step 204 is thus an
estimated signal vector d , the first (corresponding
to k]_) component of which is the first candidate from
the list. Based on this estimation of the signal
vector, the quality of the first candidate is
evaluated using a metric in step 205. The metric is in
this embodiment based on the maximum likelihood
detection cost function and is given by where d , as
mentioned, is the estimated signal vector based on the
first candidate. The processing returns to step 203,
in which another candidate is selected and an
estimated signal vector d is calculated based on this
candidate, i.e. the candidate is used as the first
component of d and the remaining components are
calculated based on the first component as described
above. Then, the metric of the vector d is calculated
to according to equation (17). The steps 203 to 205
are repeated for all candidates in the candidate list.
The result is a plurality of estimated signal vectors
d , each based on one candidate from the candidate
list. As the estimated signal vector d that is output
by the detector 107, the one with the lowest metric
according to equation (17) is chosen in step 206. All
others are discarded.This can be done successively,
i.e. when two estimated signal vectors d have been
calculated according to two candidates, the metrics
may be compared and the estimated signal vector
corresponding to the higher metric and the candidate
on which it is based are discarded. This may be done
until only one candidate is left. From the detailed
steps of the list detection described with reference
to fig. 2 , it can be seen that the estimation of the
first sub-stream (first component corresponding to
k]_) is from the hypothesis, i.e. from the candidate
currently selected. Under error free assumption for
each sub-stream as 



in IC detection, the diversity orders achieved for all
substreams are N , Nr - N + 2 , ..., N , respectively.
Compared with conventional IC detection, the most
vulnerable first sub-stream that might cause
significant errors now becomes the most reliable one
with the same diversity order as the maximum
likelihood detection. With the reliable estimation of
the first detection, the IC detection for remaining
substreams starts with diversity order Nr - N + 2 ,
one more order than conventional IC detection. Both
effects of enlarged diversity order and less possible
error propagation boost the performance of the
conventional IC detection significantly. As can be
seen from simulations, the performance of the list
detection approaches well that of maximum likelihood
detection and shows higher diversity order that that
of QRD-M detection. The complexity of the list
detection is dependent on the candidate list size. In
general it is roughly equal to the complexity of the
IC detection multiplied with the candidate list size
and is much lower that that of QRD-M. Specifically,
the complexity in terms of the required number of
complexmultiplications and additions in one signal
vector for the list detection and QRD-M detection can
be calculated as shown in table 1 . IC QRD-M list
detection number of ? T (Nt + 3Nt - 4 ) / 2 S (2Nt Nr
+ 1 ) required 2Nt r +2M + (N + Nr - Nt )
multiplications -Nr number of S (2Nt VT (Nt + Nt - 2 )
/ 2  N r required 2Nt Nr -Nt + D +M + (N 2 --D
additions -Nt - Nr table 1 It should be noted that the
channel matrix H in a slow fading or quasi static
channel can be assumed to be constant for one or a few
packages, typically with hundreds to thousands of
symbols. The manipulations on the channel itself, such
as QRdecomposition and/or inversion etc., can be
performed only once per package and do not incur much
complexity surplus compared with the metric
calculation and nulling process working in the symbol
rate. Therefore, the manipulations on the channel
itself are not counted in table 1 . When example
values are used, the terms given in table 1 show that
the complexity of the list detection as described
above is much lower than the complexity of QRD-M. For
example, when 16-QAM is used, the complexity of QRD-M
detection is more than five times than that of the
list detection (for a medium to large number of
transmit antennas and receive antennas) . It can be
derived from the terms given in table 1 that, if S
equals M , the complexity of the list detection is one
order less (0(S2 ) ) than that of QRD-M (0(S 3 )).
Therefore, list 



detection has a clear advantage concerning complexity
whenthe constellation size is large, such as in case
of 64-QAM modulation. For different purposes, variants
of the list detection described above may be used. If
the complexity is of big concern in case of a large
constellation size S , such as in case of 64-QAM
modulation or even 256-QAM modulation, a smaller
candidate list can be used by using some
pre-processing techniques. For example, linear
detection or one round of conventional IC detection
can be performed as an initial stage of detection.
After the conventional detection, one of the detected
sub-streams can be selected as the first sub-stream to
be detected in the next stage based on certain
criteria. The candidate list can be set as the set
including only the adjacent points to the
constellation estimated for this first sub-stream to
be detected during the initial stage. List detection
can then be performed based on this candidate list
which is smaller than the one comprising all possible
constellation symbols. However, the performance of the
detection will typically be not as good as in the
embodiment described above. For applications where
many transmit antennas and receive antennas are
employed, another variant can be used. If the
complexity constraint is not stringent, the size of
the candidate list can be increased especially in case
of small constellation size, such as in case of QPSK
(quadrature phase shift keying) and BPSK (binary phase
shift keying) . In this case, the candidate list may
not be limited to contain only one dimension of
constellations, that is the possible constellation
symbols for the first sub-stream to be detected. The
candidate list may contain two or moredimensions of
constellation symbols, that is pairs of constellation
symbols or vectors of constellation symbols wherein
each component corresponds to a sub-stream to be
detected. For example, for the first two sub-streams
to be detected, all pairs consisting of a possible
constellation symbol for the first sub-stream and a
possible constellation symbol for the second
sub-stream may be contained in the candidate list and
list detection will be performed based on this
candidate list, where hypothesis for the first two
substreams are used. Analogously, triples and vectors
with higher dimensions may be used for the candidate
list. This will increase the complexity of the list
detection, but performance in terms of accuracy can be
increased in this way. Table 2 gives a comparison of
IC detection and the list detection of one
embodiment.A SWITCH CIRCUIT Field of the Invention The
present invention relates to an arrangement for a
switch circuit, in particular an improved arrangement
for a switch circuit utilising a momentary switch.
Background of the Invention Momentary switches are
commonly used for turning on and off electrical and
electronic equipment. They operate in combination with
a switch circuit located 



on a microcontroller to produce a logic type operation
so that when a switch pulse is supplied to a switch
circuit, the circuit switches from "off 1to "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
because it is necessary to maintain a live switch
circuit for sensing a switch pulse generated by the
momentary switch at any time. Therefore, this power
consumption constantly drains the battery or AC power
even though the electronic equipment appears to be in
an "off 1state to a user. This consumption of
electrical power is especially important to battery
operated equipment such as laptop computers and mobile
(or hand) phones where a long battery life is
preferable in order to cut down on the need to
constantly change or recharge batteries.Summary of the
Invention The present invention relates to an improved
arrangement for a switch circuit which is used for
controlling the supply of electrical power from an
electrical supply source e.g. a battery, to a load. In
general terms, the present arrangement for a switch
circuit comprises a charge storage element which
performs the dual functions of both turning on and
turning off the switch circuit. According to a first
aspect of the invention, there is provided a switch
circuit comprising: a power supply switch comprising
input, output and control terminals, wherein the input
terminal of the power supply switch is coupled to the
electrical power source and the output terminal of the
power supply switch is coupled to the load; an
electronic switching device connected to the control
terminal of the power supply switch and having an
activating input; a momentary switch coupled to the
activating input of the electronic switching device; a
charge storage element coupled to the momentary
switch; the arrangement being such that (i) in a first
mode, power is supplied to the load by closing the
momentary switch to connect the charge storage element
to the electronic switching device for a predetermined
time in excess of a triggering time of the electronic
switching device, the predetermined time being
determined by the charge-up time of the charge storage
element and triggering of the electronic switching
device maintaining the power supply switch in an on
state to supply power from the electrical power source
to the load; and ii) in a second mode, the supply of
power to the load is stopped by closing the momentary
switch to connect the charge storage element to the
electronic switching device, the charge storage
element providing a signal to turn off the electronic
switching device and the power supply switch to cut
the supply of power from the electrical power source
to the load.In one embodiment, the charge storage
element comprises a capacitor. Preferably, the switch
circuit further comprises a charge-up time controller
for the charge storage element. The triggering time of
the electronic switching device can be adjusted by
changing the value of the charge-up time controller.
In one embodiment, the charge-up time controller
comprises a resistive 



element. The charge storage element and the charge-up
time controller are preferably disposed in series and
across the load. According to the invention in a
second aspect, the arrangement for the switch circuit
is implemented as a combination of an integrated
circuit with a charge storage element and a momentary
switch coupled to the integrated circuit, wherein the
integrated circuit comprises a power supply switch and
an electronic switching device. The activating input
of the electronic switching device is adapted for
connecting the integrated circuit to a momentary
switch. Additionally, the integrated circuit is also
provided with means for receiving a supply of
electrical power from an electrical power source and a
first and second connection means for connecting the
integrated circuit to a respective load and a charge
storage element . According to the invention in a
third aspect, a momentary switch is coupled to an
assembled integrated circuit and packaged integrally
with the integrated circuit to form a switching
structure. The integrated circuit comprises some or
all of the components of a switch circuit (excluding
the momentary switch).Brief Description of the
Drawings Embodiments of the present invention will now
be described, by way of example, with reference to the
accompanying drawings of which: Figure 1 is a circuit
diagram of a first example of a switch circuit, in
which the switch circuit is in an "off' state; Figure
2 is a circuit diagram of the switch circuit of Figure
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 10 is a perspective view of a
switching structure in accordance with the third
aspect of the invention. Detailed Description of the
Preferred Embodiment Figure 1 illustrates a switch
circuit 100 in accordance with one embodiment of the
present invention. The switch circuit 100 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 100 comprises a first transistor Q 1
which acts as a power supply switch, a resistor R1, an
electronic switching device 20, a momentary switch S 1
and a charge storage and discharge circuit 30.As shown
in Figure 1, the transistor Q1 is of pnp bipolar type,
the emitter terminal of which being coupled to the
positive terminal of the battery 11 while the
collector terminal is connected to one side of the
load R5. A resistor R8 is coupled between the emitter
terminal and the base terminal of the transistor Q1.
The electronic switching device 20 comprises an input
terminal 7 which is connected to the base of the
transistor Q1 via resistor R1, an output 22 coupled 



to the negative terminal of the battery and an
activating input 4 coupled to a first contact 14 of
the momentary switch Sl In this embodiment, the
electronic switching device comprises second and third
bipolar transistors Q2 and Q3 connected as a thyristor
device. Second transistor Q2 is a pnp bipolar
transistor. The emitter of the second transistor Q2 is
coupled to the base of transistor Q1 via a resistor R1
and to the contact 14 of the momentary switch S1 via a
resistor R6. The contact 14 of the momentary switch S
1 is also coupled to the base terminal of the second
transistor Q2 and to the collector terminal of the
third transistor Q3. Third transistor Q3 is an npn
bipolar transistor. The base of the third transistor
Q3 is coupled to the collector of the second
transistor Q2 and the emitter of the third transistor
Q3 is coupled to a ground potential 12 via a resistor
R2. The collector of the second transistor Q2 is also
coupled the ground potential 12 via resistor R3.
Another contact 13 of the momentary switch S 1 is
coupled to the collector terminal of transistor Q 1
via resistor R9 and also to the ground potential via
capacitor C2. In this embodiment, resistor R9 and
capacitor C2 make up the charge storage and discharge
circuit 30. The positive terminal of the battery 11 is
coupled to the emitter terminal of the first
transistor Q1 and the resistor R8 while the negative
terminal of the battery 11 is coupled to the ground
potential 12. However, alternatively, the negative
terminal of the battery 11 may be coupled to a
floating potential.In use, the switch circuit 100
operates as follows: Initially, with the momentary
switch S1 in the position shown in Figure 1, the
switch circuit 100 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 100
acts to prevent power being supplied from the battery
11 to the load R5. When the switch circuit 100 is in
the off state, the only power consumption is a reverse
leakage power consumption through the transistors Q 1,
Q2, Q3 which is virtually negligible compared to 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 100 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 first transistor Q1 = 0; The potential
at point 2 = the potential at point 3 = E; The current
through R1 = 0; The potential at point 7 = the
potential at point 2 = E; The voltage across the
base-emitter junction of the second transistor Q2 = 0,
as the second transistor Q2 is switched off; The
potential at point 4 = the potential at point 7 = E;
Current through R3 = 0; The potential at point 5 = 0;
The voltage across the base emitter junction of the
third transistor Q3 = 0; The current through the
resistor R2 = 0; The potential at point 6 = 0; The
potential across the capacitor C2 = 0; and The
potential at point 8 = the potential at point 1 =
0.When the momentary switch S 1 is pressed to complete
the contacts 13, 14 as shown in Figure 2, point 4 is
driven to zero potential and an initial closed circuit
(path A) is formed. This causes the base-emitter
junctions of the first and second transistors Q1, Q2
to be forward .biased thereby turning on transistors 



Q 1, Q2. The initial current generated contributes to
the base current for the first and second transistors
Q 1, Q2 and surges across the resistor R 1 through
path A. This surge in base current drives the first
and second transistors Q 1, Q2 into saturation mode.
Immediately after path A is formed, the initial surge
current passes through to resistor R3 (path B). As the
voltage across R3 is raised rapidly due to the surge
current, the base-emitter junction of the third
transistor Q3 is forward biased thereby turning on the
third transistor Q3. Similarly, the third transistor
Q3 is also driven into saturation mode. The current
through path A is in the form of a pulse which rapidly
becomes zero due to the presence of the capacitor C2
which is charged up to a constant value Vs thereby
rendering path A open circuit. In Fig. 2, the voltage
Vs given by (E-2Vbe)c- -- -- , whereby R2ZZR3 refers
to the effective resistance of ? +R2Il R resistors R2
and R3 which are connected in parallel. When capacitor
C2 is charged to a voltage of Vs, this prevents
further current from passing through the capacitor C2
and path A becomes open circuit. Therefore, even if
momentary switch S 1 continues to remain pressed, path
A will eventually become open circuit when C2 charges
to Vs. As we shall see in the following paragraph, the
switch circuit 100 is configured such that the battery
11 continues to deliver electrical power to the load
even after capacitor C2 charges to Vs and path A
becomes open circuit. Upon deactivation of S 1, C2
continues to be charged up through path X to a voltage
of about E-0.2V. This is because the voltage drop
across the collector-emitter junction of transistor Q1
is typically about 0.2 V when transistor Q1 is in
saturation mode.The second and third transistors Q2,
Q3 form a thyristor device which is triggered by the
surge current generated in the switch circuit 100 when
the momentary switch S 1 is actuated. The third
transistor Q3 takes its base current from the second
transistor Q2 and at the same time, the third
transistor supplies the base current to the second
transistor Q2. The advantage of using a thyristor
device is that once the thyristor device enters a
latched on state, it continues to conduct even without
current supply at the activating input 4 (either due
to the momentary switch being released or capacitor C2
being charged to a constant value Vs). This is because
when the thyristor is in the latched on state, the
voltage across the base-emitter junction of the second
transistor Q2 is maintained forward biased with the
third transistor Q3 in saturated mode as illustrated
by path C while the voltage across the base-emitter
junction of the third transistor Q3 is kept forward
biased by the second transistor Q2 operating in
saturated mode as shown by path B. In this way, even
without current supply at the activating input 4, the
combination of the second and third transistors, Q2,
Q3 will keep each other conducting as long as the
battery 11 is coupled to the emitter of the second
transistor Q2, that is the battery 11 is coupled to
point 7 in the switch circuit 100. Therefore, once the
thyristor device enters a latched on state, the closed
circuit path B and path C maintain the forward biasing
of the base-emitter junctions of the second and third
transistors Q2, Q3 even when path A becomes open
circuit. Accordingly, with the thyristor device
switched on, the base-emitter junction of the first
transistor Q 1 is also maintained in a forward biased
mode with its base current driven into saturation
mode. Therefore, in this state the switch circuit 100
is turned on and power is supplied through the
transistor Q1 to the load R5. However, a sufficient
amount of triggering energy must be provided in order
for the thyristor device to enter a latched on state
and continue to conduct even after path A becomes open
circuit. This triggering energy is expressed in terms 



of the minimum triggering current through transistor
Q3 that has to be exceeded in order for the transistor
Q3 to remain switched on permanently. The current
through transistor Q3 is dependent on its base emitter
voltage, that is thevoltage across points 5 and 6 .
Since the voltage at point 5 is dependent on the
voltage at point 4, the voltage at point 5 and hence
current through transistor Q3 rises as capacitor C2 is
being charged up. When capacitor C2 is charged above a
certain voltage, the current through transistor Q3
rises above the triggering current required and the
transistor Q3 is switched on permanently. Accordingly,
this means that switch S 1 has to be pressed for a
triggering time that is required for the triggering
current to be exceeded. In this embodiment, the
triggering time is dependent on how fast C2 charges
up. As seen from the above, the supply of electrical
power from the battery 11 to a load R5 is activated by
pressing switch S 1 for a duration that exceeds the
triggering time. When switch S 1 is actuated to
complete the contacts 13, 14, the capacitor C2 is
charged up through both paths A and X while paths B
and C draw current away from paths A and X. Since C2
is charged through resistor R9 along path X, R9
provides a charge-up time controlling function. The
triggering time can thus be adjusted by adjusting the
value of C2 and R9 and ideally this should not be too
short, in order to prevent misfiring of the thyristor
device This advantageously allows the triggering time
to be pre-fixed as it is independent of the value of
any filtering capacitance which is commonly connected
in parallel with the load. In our previous PCT
application PCT/SG99/00084, a switch circuit was
disclosed whereby the triggering time was determined
by a capacitor connected in parallel with the load. In
this case, the resulting triggering time was difficult
to predict as it was not independent of the filtering
capacitance. When the momentary switch S 1 is actuated
again to complete the contacts 13, 14 (see Figure 3) a
closed circuit path D is formed in the switch circuit
100 as the capacitor C2 discharges. Therefore, C2
functions as a charge storage device which is charged
up when the switch circuit switches from "off' to "on"
and discharges when the circuit switches from "on" to
"off 1. Point 4 ismomentary short circuited to point 8
during actuation of the switch S 1 and it becomes the
same potential as point 8 which is E-0.2 volts.
However, the voltage at point 2 during the on state of
the circuit 100 is about E-0.7 volts. This is because
the voltage drop across the base-emitter junction of
transistor Q1 is typically about OJV. Therefore, when
point 4 goes to E-0.2 volts, the baseemitter junctions
of the first transistor Q1 and the second transistor
Q2 are no longer forward biased and the first and
second transistors Q1, Q2 are switched off. With the
second transistor Q2 in its off mode, the collector of
the second transistor Q2 is also switched off which
switches off the third transistor Q3. Therefore, the
discharge of capacitor C2 provides a signal to switch
off switch circuit 100 and as the first transistor Q 1
is switched off, no power is supplied from the battery
11 to the load R5. When the momentary switch S 1 is
released, the remaining charge in the capacitor C2
discharges through the load R5 and resistor R9. As
seen from the above, actuating momentary switch S 1
momentarily while the switch circuit 100 is in the
"on" state switches off the first transistor Q1 and
the thyristor device as a reverse bias voltage is
established across the first and second transistors
Q1, Q2. If momentary switch S 1 is not released but
continues to remain pressed, the voltage at point 4
will decrease as capacitor C2 starts to discharge.
When the voltage at point 4 reaches a sufficiently low
level, transistor Q1 will start to conduct again as
its base-emitter junction 



becomes forward biased. Accordingly, power will be
supplied to the load R5, although at a lower level
since the thyristor is not activated unlike during the
"on" state of the switch circuit 100 mentioned in the
previous paragraphs. When the momentary switch S 1 is
finally released, power supply to the load R5 will be
cut off as Q 1 switches off and any remaining charge
in the capacitor C2 discharges through the load R5 and
R9. After the capacitor C2 discharges completely, the
switch circuit 100 reverts back 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 100 is the reverse leakage current through the
first, second and third transistors Q1, Q3, Q2 which
is virtually negligible.The values of resistor R9 and
capacitor C2 are chosen to take into account the need
for capacitor C2 to discharge as the switch circuit
reverts back to the initial "off stage where it is
able to sense a switch pulse generated by the
momentary switch at any time. Therefore the values of
R9 and C2 cannot be too large or it will affect the
ability of the switch circuit to react to switch
pulses. On the other hand, C2 also has to sustain a
voltage that is high enough to switch off Q1 and the
electronic switching device when a request is made to
switch from an "on" to "off 1state. In a preferred
embodiment of the invention, when the voltage supply
is between 1.8 to 10V, the value of resistor R9 is
between 22 to 82 k ohms and capacitance of C2 between
20OnF to 10 mF. A second example of a switch circuit
150 is shown in Figure 4. The switch circuit 150 is
identical to the switch circuit 100, except that the
circuit includes a signal input contact 16 at point 5
of the circuit. The signal input contact 16 is
connected to electronic equipment 17, which is the
equivalent of the load R5 shown in Figures 1 to 3. The
signal input contact 16 permits the electronic
equipment 17 to turn itself off automatically, for
example, after a predetermined period of time. The
electronic equipment 17 turns the switch circuit 150
to the off state by applying a ground potential to the
signal input contact 16 which switches off the third
transistor Q3 which in turn switches off the second
transistor Q2. This causes the electronic switching
device 20 to become open circuit which switches off
the first transistor Q 1 to cut off power supply from
the battery 11 to the electronic equipment 17. In
another embodiment of Figure 4, the electronic
equipment 17 may also be used to turn on the switch
circuit 150 by supplying a sufficiently high voltage
level to the signal input contact 16. Figure 5 shows a
third example of a switch circuit 200 which is similar
to the switch circuit 150 except a signal input
contact 24 is connected at point 4. The signal input
contact 24 when coupled to the electronic equipment 17
permits the electronic equipment 17 to switch off the
switch circuit 200 by applying a high voltage state
signal to contact 24. This causes the base emitter
junction of thefirst and second transistors Q1, Q2 to
be reversed biased which switches the first and second
transistors Q1, Q2 off. With the first and second
transistors Q 1, Q2 switched off, the third transistor
Q3 is also switched off as the potential at point 5
drops to zero and the switch circuit 200 is switched
into the off state. In another embodiment of Figure 5,
the electronic equipment 17 may also be used to turn
on the switch circuit 200 by supplying a ground
potential to the signal input contact 24. Figure 6
shows a fourth example of a switch circuit 250. The
switch circuit 250 is provided with a first switch
signal input contact 16 connected to point 5 and a
second switch signal input contact 24 connected to
point 4. The switch circuit 250 controls the supply of
power from the battery 11 to electronic equipment 26.
The switch input contacts 16, 24 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 100, 150, 200,
or may also be a switch circuit 250, controlled
remotely by a further remote electronic system. The
switch circuit 250 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 250 to the on
state by applying a ground potential (or a
sufficiently low level voltage) to the signal input
contact 24 to forward bias transistor Q2.
Alternatively, the remote system 27 can switch the
switch circuit 250 to the off state by applying a
ground potential signal to signal input contact 16. In
all the switch circuits 150, 200, 250 a momentary
switch S 1 is still provided which permits a user to
manually switch circuits 150, 200, 250 between the off
and on states. In the instances where a user wishes to
use the momentary switch instead of the electronic
equipment 17 or remote system 27 to toggle the switch
circuit 150, 200, 250 between on and off states, the
electrical connectionbetween the electronic equipment
17 and the signal input contact 16, 24 is maintained
at a high impedance. Alternatively, it is also
possible to disable the momentary switch S 1 and rely
on the remote system 27 to control the toggling of the
switch circuit. In this case, if the control signal is
applied at the signal input contact 16, maintaining a
sufficiently high potential at signal input contact 16
keeps the switch circuit in an "on" state as the
base-emitter junction of transistor Q3 is forward
biased while maintaining a ground potential reverse
bias the base-emitter junction of transistor Q3 and
the switch circuit remains turned off. As for signal
input contact 24, maintaining a ground potential at
signal input contact 24 keeps the switch circuit in an
"on" state as the baseemitter junction of transistor
Q2 is forward biased while maintaining a high
potential reverse bias the base-emitter junction of
transistor Q2 and the switch circuit remains turned
off. As an alternative to the remote system being
connected to separate input contacts 16, 24 it is
possible that the remote system 27 could be connected
by a single line to either the switch circuit 150 or
the switch circuit 200. In the case of the switch
circuit 150, the remote system 27 would switch on the
circuit 150 by supplying a sufficiently high voltage
level to the signal input contact 16 and switch off
the circuit 150 by applying a ground potential to the
signal input contact 16. Where the remote system 27 is
connected to signal input contact 24 in circuit 200,
the remote system 27 would switch on the circuit 200
by applying a ground potential to the signal input
contact 24 and switch off the circuit 200 by applying
a sufficiently high voltage level to the signal input
contact 24 to reverse bias the first and second
transistors Q1, Q2. Although the switches 100, 150,
200, 250 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 andfrom an
AC main supply to electronic equipment having a heavy
power consumption. Figure 7 shows an example of the
switch circuit 100 being used to control a rectified
AC power supply from a transformer K2 and a full wave
rectifier 29 to a load 28. However, switch circuit 100
could be replaced by any of switch circuits 150, 200,
250. Figure 8 shows the switch circuit 100 being used
to control power supply from an AC mains supply to a
heavy load 30 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
400. The switch circuit 400 is identical to the switch
circuit 100 except that the bipolar 



transistors Q1, Q2, Q3 are replaced by enhancement
type MOSFETs M1, M2, M3 respectively. The transistors
M1, M2 are P channel enhancement type MOSFETs and the
transistor M3 is a N channel enhancement type MOSFET.
The principle of operation of the switch circuit 400
is identical to the switch circuit 100. The
embodiments described lend themselves to integrated
circuit implementation, with most of the components
assembled together on an integrated circuit. The
remaining components of the switch circuit are
connected to the integrated circuit via connection
means provided on the integrated circuit. Furthermore,
the integrated circuit may also be provided with means
for connecting to an electrical power source and/or a
load. In one embodiment, the integrated circuit is
encapsulated in an electrically insulating material
and with the connection means on the integrated
circuit electrically coupled e.g. by wire bonds or
flip chip connections to one end of the connection
leads located on the surface or extending outwards of
the encapsulating material. The connection leads
provide electrical connection to the devices located
outside of the integrated circuit. In a preferred
embodiment, the switchcircuit is implemented with the
first transistor Q1 , resistor R9 and electronic
switching device 20 assembled on an integrated
circuit. The capacitor C2, momentary switch S 1,
electrical power source 11 and load R5 are then
connected to the integrated circuit via connection
means provided on the integrated circuit. The
momentary switch S 1 and capacitor C2 are connected in
series so that when the momentary switch is actuated,
capacitor C2 is coupled to the activating input 4 of
the electronic switching device. In this case, since
resistor R9 is located within the IC, the triggering
time of the resulting switch circuit is adjusted by
varying the value of the externally located capacitor
C2. In addition to the above, the integrated circuit
assembled may also be provided with connection means
which allow the switch circuit to be switched on or
off remotely via the electronic equipment being
switched 17 or a remote system 27. In one embodiment,
the connection means is coupled to the electronic
switching device at the signal input contacts 16 or 24
so that the electronic switching device and hence the
switch circuit may be selectively switched on or off
remotely. Therefore, a user of the integrated circuit
has the option of either using a momentary switch or
remote system in combination with the integrated
circuit. Since the momentary switch returns to its
normally open position when released, it is
conventionally implemented with a relay or
microcontroller which ensures continued power delivery
to the load even after the switch is released. In
accordance with a third aspect of the present
invention, a momentary switch 520 is packaged together
with an integrated circuit 510 to produce a switching
structure 500 shown in Figure 10. The integrated
circuit comprises some or all of the components of a
switch circuit (excluding the momentary switch) used
for controlling the supply of electrical power from an
electrical power supply to a load. The momentary
switch 520 is electrically coupled to the integrated
circuit via connection means provided on the
integrated circuit 510 thereby providing a stand alone
momentary switch which is able to latch onto an "on"
state without the assistance of a relay or
microcontroller. Examples of switch circuits whichare
applicable include both the embodiments encompassed by
the present invention as well as those of our previous
PCT application PCT/SG99/00084. The elimination of a
microcontroller also advantageously reduces the "off'
state power consumption since the embodiments of the
switch circuit in both the present invention and that
of PCT application PCT/SG99/00084 do not require a
live switch circuit for sensing a switch pulse
generated by actuating the 



momentary switch. The switch circuit described in
figures 1 to 9 comprises a charge storage element
which performs the dual functions of turning on and
off the switch circuit while in the switch circuit of
PCT/SG99/00084 separate modules are required.
Specifically, for the switch circuit of PCT/SG99/00084
a pulse generation device which comprises a capacitor
and resistor connected in parallel is used for turning
on the switch circuit while a charge storage device
comprising a capacitor is used for turning off the
switch circuit. Preferably the power supply switch Q 1
and electronic switching device 20 which are common to
both switch circuits are assembled on the integrated
circuit 510 of the switching structure 500. The
combination of the power supply switch Q1 and
electronic switching device 20 form an electronic
latching switch which switches between a conductive
and non-conductive mode in response to an actuation of
the momentary switch. Meanwhile, the charge storage
element, charge storage device and at least a portion
of the pulse generation device are preferably located
outside of the switching structure 500 with connection
means being provided to connect them to the integrated
circuit. In one embodiment where the switching
structure 500 is based on the switch circuit of
PCT/SG99/00084, the pulse generation device is
arranged with the resistor located on the integrated
circuit 510 and the capacitor located outside the
switching structure. In this way, the switching
structure 500 in combination with the externally
coupled components form a switch circuit. In a
preferred embodiment, the integrated circuit 510
packaged with the momentary switch 520 includes the
first transistor Q1, resistor R9 and
electronicswitching device 20 as well as means for
connecting the momentary switch 520, a capacitor C2,
an electrical power source 11 and a load R5 to the
integrated circuit. The integrated circuit 510 is
mounted on a lead frame 530 with the leads of the lead
frame 530 providing electrical connection between the
integrated circuit 510 and the external devices. An
electrically insulating housing 540 encapsulates the
integrated circuit 510 with the momentary switch 520
protruding out of the housing 540 so that it can be
actuated externally by a user. Although the switch
structure 500 shown in Figure 10 uses a lead frame
530, other types of packaging substrate such as
surface mount substrates are also suitable. An
integrated circuit and switch structure as described
above can be used in a wide range of applications such
as in battery operated devices or even in conjunction
with a microprocessor to reduce the off-state power
consumption of the microprocessor.Claims 1. A switch
circuit for controlling the supply of electrical power
from an electrical power source to a load, the switch
circuit comprising: a power supply switch having
input, output and control terminals, wherein the input
terminal of the power supply switch is coupled to the
electrical power source and the output terminal of the
power supply switch is coupled to the load; an
electronic switching device connected to the control
terminal of the power supply switch and having an
activating input; a momentary switch coupled to the
activating input of the electronic switching device;
and a charge storage element coupled to the momentary
switch; the arrangement being such that (i) in a first
mode, power is supplied to the load by closing the
momentary switch to connect the charge storage element
to the electronic switching device 



for a predetermined time in excess of a triggering
time of the electronic switching device, the
predetermined time being determined by the charge-up
time of the charge storage element and triggering of
the electronic switching device maintaining the power
supply switch in an on state to supply power from the
electrical power source to the load; and (ii) in a
second mode, the supply of power to the load is
stopped by closing the momentary switch to connect the
charge storage element to the electronic switching
device, the charge storage element providing a signal
to turn off the electronic switching device and the
power supply switch to cut the supply of power from
the electrical power source to the load. 2. A switch
circuit according to claim 1, wherein the electronic
switching device comprises a thyristor device.3. A
switch circuit according to claim 1 or claim 2 wherein
the power supply switch comprises a transistor. 4. A
switch circuit according to any one of the preceding
claims wherein the electronic switching device is
formed from at least one bipolar transistor. 5. A
switch circuit according to any one of claims 1 to 3
wherein the electronic switching device is formed from
at least one MOSFET. 6. A switch circuit according to
any one of the preceding claims wherein the power
supply switch is formed from at least one bipolar
transistor. 7. A switch circuit according to any one
of claims 1 to 5 wherein the power supply switch is
formed from at least one MOSFET. 8. A switch circuit
according to any one of the preceding claims, wherein
the power supply switch and the electronic switching
device are assembled together on an integrated
circuit. 9. A switch circuit according to any one of
the preceding claims, wherein the charge storage
element comprises a capacitor. 10. A switch circuit
according to any one of the preceding claims further
comprising a charge-up time controller for the charge
storage element. 11. A switch circuit according to
claim 10 wherein the charge-up time controller
comprises a resistive element. 12. A switch circuit
according to claim 10 or claim 11 wherein the charge
storage element and charge-up time controller are
disposed in series and across the load.13. A switch
circuit according to claim 12 wherein the momentary
switch is connected between the charge storage element
and the charge-up time controller. 14. A switch
circuit according to any one of claims 10 to 13,
wherein the power supply switch, electronic switching
device and charge-up time controller are assembled
together on an integrated circuit. 15. An integrated
circuit for controlling the supply of electrical power
from an electrical power source to a load, the
integrated circuit comprising: means for receiving a
supply of electrical power from an electrical power
source; a first connection means arranged to connect
the integrated circuit to a load; a second connection
means arranged to connect the integrated circuit to a
charge storage element, wherein the second connection
means is coupled to the first connection means; a
power supply switch having input, output and control
terminals, wherein the input terminal of the power
supply switch is coupled to the means for receiving a
supply of electrical power and the output terminal of
the power supply switch is coupled to the first
connection means; and 



an electronic switching device connected to the
control terminal of the power supply switch and having
an activating input arranged to connect the integrated
circuit to a momentary switch; the arrangement being
such that (i) in a first mode, power is able to be
supplied to a said load by closing a said momentary
switch to connect to the electronic switching device
for a predetermined time in excess of a triggering
time of the electronic switching device a said charge
storage element disposed in series with the said
momentary switch, the predetermined time being
determined by the charge-up time of the said charge
storage element and triggering of the
electronicswitching device maintaining the power
supply switch in an on state to supply power from the
said electrical power source to the said load; and
(ii) in a second mode, the supply of power to the said
load is stopped by closing the said momentary switch
to connect the said charge storage element to the
electronic switching device, the said charge storage
element providing a signal to turn off the electronic
switching device and the power supply switch to cut
the supply of power from the said electrical power
source to the said load. 16. An integrated circuit
according to claim 15 further comprising a chargeup
time controller for controlling the charge-up time of
the said charge storage element. 17. An integrated
circuit according to claim 16, wherein the charge-up
time controller comprises a resistive element. 18. An
integrated circuit according to claim 16 or claim 17,
wherein the charge-up time controller is connected
between the first and second connection means such
that the charge-up time controller and the said charge
storage element are disposed in series and across the
said load. 19. A combination of an integrated circuit
according to any one of claims 15 to 18 and a
momentary switch connected to the activating input in
which the integrated circuit and momentary switch are
packaged integrally. 20. A combination according to
claim 19 in which the integrated circuit is mounted on
a packaging substrate and the integrated circuit and
momentary switch are encapsulated in an electrically
insulating material, the momentary switch protruding
out of the electrically insulating material so that it
can be actuated externally. 2 1. A switching structure
for controlling the supply of electrical power from an
electrical power source to a load, the switching
device comprising:an integrated circuit; and a
momentary switch, the integrated circuit and momentary
switch being packaged integrally and encapsulated in
an electrically insulating material with the momentary
switch protruding out of the electrically insulating
material so that it can be actuated externally; the
integrated circuit comprising: means for receiving a
supply of electrical power from an electrical power
source; a first connection means arranged to connect
the integrated circuit to a load; an electronic
latching switch having input, output and control
terminals, wherein the input terminal of the
electronic latching switch is coupled to the means for
receiving a supply of electrical power and the output
terminal of the electronic latching switch is coupled
to the first connection means; the electronic latching
switch having a conductive mode and nonconductive mode
of operation, the electronic latching switch switching
between the conductive and non-conductive mode in
response to an actuation of the 



momentary switch which is coupled to the control
terminal, wherein (i) in the conductive mode, the
electronic latching switch couples the means for
receiving a supply of electrical power to the first
connection means, thereby causing power to be supplied
from the said electrical power source from the said
load; and (ii) in the non-conductive mode, the
electronic latching switch isolates the means for
receiving a supply of electrical power from the first
connection means, thereby cutting off the supply of
power from the said electrical power source to the
said load. 22. A switching structure according to
claim 2 1, wherein the electronic latching switch is
arranged to operate in combination with a pulse
generation device and a first charge storage device,
the arrangement being such that(i) the electronic
latching switch is switched from the non-conductive to
the conductive mode by closing the momentary switch to
connect the control terminal of the electronic
latching switch to the pulse generation device; and
(ii) the electronic latching switch is switched from
the conductive to the non-conductive mode by closing
the momentary switch to connect the control terminal
of the electronic latching switch to the first charge
storage device. 23. A switching structure according to
claim 22, wherein the pulse generation device
comprises a second charge storage device wherein the
first and second charge storage device are located
external of the switching structure. 24. A switching
structure according to claim 23, wherein the
electronic latching switch is adapted to operate in
combination with a single charge storage device which
functions as both the first and second charge storage
device. 25. A switching structure according to claim
24, wherein the electronic latching is adapted to
operate in combination with a capacitor which
functions as the single charge storage device. 26. A
switching structure according to claim 23, wherein the
electronic latching switch is adapted to operate in
combination with a capacitor which functions as the
charge storage device and a combination of a capacitor
connected in parallel with a resistor which function
as the pulse generation device. 


