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(57)  Asystem (10) is presented. The system (10) in-
cludes detection circuitry (14) configured to detect occur-
rence of a zero crossing of an alternating source voltage
(36) or an alternating load current (42). The system also
includes switching circuitry (12) coupled to the detection
circuitry (14) and comprising a micro-electromechanical

system switch (20). Additionally, the system (10) includes
control circuitry (16) coupled to the detection circuitry (14)
and the switching circuitry (12) and configured to perform
arc-less switching of the micro-electromechanical sys-
tem switch (20) responsive to a detected zero crossing
of an alternating source voltage (36) or alternating load
current (42).
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Description

[0001] The invention relates generally to switching de-
vices and more particularly to micro-electromechanical
system based switching devices.

[0002] Traditionally, electromechanical contactors are
employed in control gear, where the electromechanical
contactors are capable of handling switching currents up
to their interrupting capacity. Electromechanical contac-
tors may also find application in power systems for
switching currents. However, fault currents in power sys-
tems are typically greater than the interrupting capacity
of the electromechanical contactors. Accordingly, to em-
ploy electromechanical contactors in power system ap-
plications, it may be desirable to protect the contactor
from damage by backing it up with a series device that
is sufficiently fast acting to interrupt fault currents prior
to the contactor opening at all values of current above
the interrupting capacity of the contactor.

[0003] Previously conceived solutions to facilitate use
of contactors in power systems include vacuum contac-
tors, vacuum interrupters and air break contactors, for
example. Unfortunately, contactors such as vacuum con-
tactors do not lend themselves to easy visual inspection
as the contactor tips are encapsulated in a sealed, evac-
uated enclosure. Further, while the vacuum contactors
are well suited for handling the switching of large motors,
transformers and capacitors, they are known to cause
damaging transient overvoltages, particularly when the
load is switched off.

[0004] Furthermore, the electromechanical contactors
generally use mechanical switches. However, as these
mechanical switches tend to switch at a relatively slow
speed, predictive techniques are required in order to es-
timate occurrence of a zero crossing, often tens of milli-
seconds before the switching eventis to occur. Such zero
crossing prediction is prone to error as many transients
may occur in this time.

[0005] Briefly, in accordance with various aspects of
the present technique, a system is presented. The sys-
tem includes detection circuitry configured to detect oc-
currence of a zero crossing of an alternating source volt-
age or an alternating load current. The system also in-
cludes switching circuitry coupled to the detection circuit-
ry and comprising a micro-electromechanical system
switch. Additionally, the system includes control circuitry
coupled to the detection circuitry and the switching cir-
cuitry and configured to perform arc-less switching of the
micro-electromechanical system switch responsive to a
detected zero crossing of an alternating source voltage
or alternating load current.

[0006] In accordance with another aspect of the
present technique, a method is presented. The method
includes detecting occurrence of a zero crossing of an
alternating source voltage or an alternating load current.
In addition, the method includes switching a present state
of a micro-electromechanical system switch responsive
to the detected zero-crossing such that the micro-elec-
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tromechanical system switch is opened in an arc-less
manner to interrupt a load circuit responsive to the de-
tected zero crossing of the alternating load current, and
the micro-electromechanical system switch is closed in
an arc-less manner to complete the load circuit respon-
sive to the detected zero crossing of the alternating
source voltage.

[0007] In accordance with further aspects of the
present technique a method is presented. The method
includes monitoring an alternating source voltage or an
alternating load current in a switch array, where the
switch circuitry comprises a plurality of switch modules
coupled in series. Further, the method includes detecting
occurrence of zero crossing of the alternating load cur-
rent or the alternating source voltage. The method also
includes generating a trigger signal responsive to the de-
tected zero crossing, where the trigger signal is config-
ured to facilitate switching a present operating state of
the micro-electromechanical system switch. In addition,
the method includes switching a present state of each of
the plurality of switch modules responsive to the trigger
signal.

[0008] Various features, aspects, and advantages of
the present invention will become better understood
when the following detailed description is read with ref-
erence to the accompanying drawings in which like char-
acters represent like parts throughout the drawings,
wherein:

FIG. 1 is a block diagram of an exemplary MEMS
based switching system, in accordance with aspects
of the present technique;

FIG. 2 is a schematic diagram illustrating an exem-
plary MEMS based switching system, in accordance
with aspects of the present technique;

FIG. 3 is a schematic diagram illustrating an exem-
plary MEMS based switch module, in accordance
with aspects of the present technique;

FIG. 4 is a schematic diagram illustrating an exem-
plary MEMS based switch array, in accordance with
aspects of the present technique;

FIG. 5 is a schematic diagram illustrating a system
model of the exemplary MEMS based switching sys-
tem, in accordance with aspects of the present tech-
nique;

FIG. 6 is a flow chart depicting steps of operating the
exemplary MEMS based switching system, in ac-
cordance with aspects of the present technique;

FIG. 7 is a graphical representation of exemplary
simulation results representative of closing of a
MEMS switch in the MEMS based switching system
of FIG. 2, in accordance with aspects of the present
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technique; and

FIG. 8 is a graphical representation of exemplary
simulation results representative of opening of a
MEMS switch in the MEMS based switching system
of FIG. 2, in accordance with aspects of the present
technique.

[0009] In accordance with certain embodiments of the
present invention, systems and methods for micro-elec-
tromechanical system based arc-less switching are de-
scribed herein. In the following detailed description, nu-
merous specific details are set forth in order to provide
a thorough understanding of various embodiments of the
present invention. However, those skilled in the art will
understand that embodiments of the present invention
may be practiced without these specific details, that the
present invention is not limited to the depicted embodi-
ments, and that the present invention may be practiced
in a variety of alternative embodiments. In other instanc-
es, well known methods, procedures, and components
have not been described in detail.

[0010] Furthermore, various operations may be de-
scribed as multiple discrete steps performed in a manner
that is helpful for understanding embodiments of the
present invention. However, the order of description
should not be construed as to imply that these operations
need be performed in the order they are presented, nor
that they are even order dependent. Moreover, repeated
usage of the phrase "in one embodiment" does not nec-
essarily refer to the same embodiment, although it may.
Lastly, the terms "comprising", "including", "having", and
the like, as used in the present application, are intended
to be synonymous unless otherwise indicated.

[0011] FIG. 1 illustrates a block diagram of an exem-
plary soft switching system 10, in accordance with vari-
ous aspects of the present invention. As illustrated in
FIG. 1, the soft switching system 10 includes switching
circuitry 12, detection circuitry 14, and control circuitry
16 operatively coupled together. The detection circuitry
14 may be coupled to the switching circuitry 12 and con-
figured to detect an occurrence of a zero crossing of an
alternating source voltage in a load circuit (hereinafter
"source voltage") or an alternating current in the load
circuit (hereinafter referred to as "load circuit current").
The control circuitry 16 may be coupled to the switching
circuitry 12 and the detection circuitry 14, and may be
configured to facilitate arc-less switching of one or more
switches in the switching circuitry 12 responsive to a de-
tected zero crossing of the alternating source voltage or
the alternating load circuit current. In one embodiment,
the control circuitry 16 may be configured to facilitate arc-
less switching of one or more MEMS switches comprising
at least part of the switching circuitry 12.

[0012] In accordance with one aspect of the invention,
the soft switching system 10 may be configured to per-
form soft or point-on-wave switching whereby one or
more MEMS switches in the switching circuitry 12 may
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be closed at atime when the voltage across the switching
circuitry 12 is at or very close to zero, and opened at a
time when the current through the switching circuitry 12
is at or close to zero. By closing the switches at a time
when the voltage across the switching circuitry 12 is at
or very close to zero, pre-strike arcing can be avoided
by keeping the electric field low between the contacts of
the one or more MEMS switches as they close, even if
multiple switches do not all close at the same time. Sim-
ilarly, by opening the switches at a time when the current
through the switching circuitry 12 is at or close to zero,
the soft switching system 10 can be designed so that the
current in the last switch to open in the switching circuitry
12 falls within the design capability of the switch. As al-
luded to above and in accordance with one embodiment,
the control circuitry 16 may be configured to synchronize
the opening and closing of the one or more MEMS switch-
es of the switching circuitry 12 with the occurrence of a
zero crossing of an alternating source voltage or an al-
ternating load circuit current.

[0013] Turning to FIG. 2, a schematic diagram 18 of
one embodiment of the soft switching system 10 of FIG.
1isillustrated. In accordance with the illustrated embod-
iment, the schematic diagram 18 includes one example
of the switching circuitry 12, the detection circuitry 14 and
the control circuitry 16.

[0014] Although for the purposes of description FIG. 2
only illustrates a single MEMS switch 20, the switching
circuitry 12 may nonetheless include multiple MEMS
switches depending upon e.g., the current and voltage
handling requirements of the soft switching system 10.
In one embodiment, the switching circuitry 12 may in-
clude a switch module including multiple MEMS switches
coupled together in a parallel configuration to divide the
current amongst the MEMS switches. In another embod-
iment, the switching circuitry 12 may include an array of
MEMS switches coupled in a series configuration to di-
vide the voltage amongst the MEMS switches. In yet a
further embodiment, the switching circuitry 12 may in-
clude an array of MEMS switch modules coupled togeth-
erin a series configuration to concurrently divide the volt-
age amongst the MEMS switch modules and divide the
current amongst the MEMS switches in each module. In
one embodiment, the one or more MEMS switches of the
switching circuitry 12 may be integrated into a single
package 28.

[0015] The exemplary MEMS switch 20 may include
three contacts. In one embodiment, a first contact may
be configured as a drain 22, a second contact may be
configured as a source 24, and the third contact may be
configured as a gate 26. In one embodiment, the control
circuitry 16 may be coupled to the gate contact 26 to
facilitate switching a current state of the MEMS switch
20. Also, in certain embodiments, damping circuitry 29
may be coupled in parallel with the MEMS switch 20 to
delay appearance of voltage across the MEMS switch
20. As illustrated, the damping circuitry 29 may include
a snubber capacitor 30 coupled in series with a snubber
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resistor 32, for example.

[0016] Additionally, the MEMS switch 20 may be cou-
pled in series with a load circuit 34 as further illustrated
in FIG. 2. In a presently contemplated configuration, the
load circuit 34 may include a voltage source Vgoyrce
36, and may possess a representative load inductance
L, oap 38 and a load resistance R, g5p 40. In one em-
bodiment, the voltage source Vgorce 36 (also referred
to as an AC voltage source) may be configured to gen-
erate the alternating source voltage and the alternating
load current I, oap 42.

[0017] As previously noted, the detection circuitry 14
may be configured to detect occurrence of a zero cross-
ing of the alternating source voltage or the alternating
load current /; o 4p42 inthe load circuit 34. The alternating
source voltage may be sensed via the voltage sensing
circuitry 46 and the alternating load current /, g4 p 42 may
be sensed via the current sensing circuitry 48. The alter-
nating source voltage and the alternating load current
may be sensed continuously or at discrete periods for
example.

[0018] A zero crossing of the source voltage may be
detected through e.g., use of a comparator such as the
illustrated zero voltage comparator 52. The voltage
sensed by the voltage sensing circuitry 46 and a zero
voltage reference 54 may be employed as inputs to the
zero voltage comparator 52. In turn, an output signal 56
representative of a zero crossing of the source voltage
of the load circuit 34 may be generated.

[0019] Similarly, a zero crossing of the load current
I, oap 42 may also be detected through use of a compa-
rator such as the illustrated zero current comparator 60.
The current sensed by the current sensing circuitry 48
and a zero current reference 58 may be employed as
inputs to the zero current comparator 60. In turn, an out-
put signal 62 representative of a zero crossing of the load
current /; oap 42 may be generated.

[0020] The control circuitry 16, may in turn utilize the
output signals 56 and 62 to determine when to change
(e.g., open or close) the current operating state of the
MEMS switch 20 (or array of MEMS switches). More spe-
cifically, the control circuitry 16 may be configured to fa-
cilitate opening of the MEMS switch 20 in an arc-less
manner to interrupt or open the load circuit 34 responsive
to a detected zero crossing of the alternating load current
I, oap 42. Additionally, the control circuitry 16 may be
configured to facilitate closing of the MEMS switch 20 in
an arc-less manner to complete the load circuit 34 re-
sponsive to a detected zero crossing of the alternating
source voltage.

[0021] Inone embodiment, the control circuitry 16 may
determine whether to switch the present operating state
of the MEMS switch 20 to a second operating state based
at least in part upon a state of an Enable signal 64. The
Enable signal 64 may be generated as a result of a power
off command in a contactor application, for example. In
one embodiment, the Enable signal 64 and the output
signals 56 and 62 may be used as input signals to a dual
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D flip-flop 66 as shown. As will be described in further
detail with respect to FIGs. 7-8, these signals may be
used to close the MEMS switch 20 at afirst source voltage
zero after the Enable signal 64 is made active (e.g., rising
edge triggered), and to open the MEMS switch 20 at the
first load current zero after the Enable signal 64 is deac-
tivated (e.g., falling edge triggered). With respect to the
illustrated schematic diagram 18 of FIG. 2, every time
the Enable signal 64 is active (either high or low depend-
ing upon the specific implementation) and either output
signal 56 or 62 indicates a sensed voltage or current zero,
atriggersignal 72 may be generated. In one embodiment,
the trigger signal 72 may be generated via a NOR gate
70, for example. The trigger signal 72 may in turn be
passed through a MEMS gate driver 74 to generate a
gate activation signal 76 which may be used to apply a
control voltage to the gate 26 of the MEMS switch 20 (or
gates in the case of a MEMS array).

[0022] As previously noted, in order to achieve a de-
sirable current rating for a particular application, a plu-
rality of MEMS switches may be operatively coupled in
parallel (e.g., to form a switch module) in lieu of a single
MEMS switch. The combined capabilities of the MEMS
switches may be designed to adequately carry the con-
tinuous and transient overload current levels that may be
experienced by the load circuit. For example, with a 10-
amp RMS motor contactor with a 6X transient overload,
there should be enough switches coupled in parallel to
carry 60 amps RMS for 10 seconds. Using point-on-wave
switching to switch the MEMS switches within 5 micro-
seconds of reaching current zero, there will be 160 mil-
liamps instantaneous, flowing at contact opening. Thus,
for that application, each MEMS switch should be capa-
ble of "warm-switching" 160 milliamps, and enough of
them should be placed in parallel to carry 60 amps. On
the other hand, a single MEMS switch should be capable
of interrupting the amount of current that will be flowing
at the moment of switching.

[0023] FIG. 3 illustrates a schematic diagram of one
embodiment of a MEMS based switch module 92. As
illustrated, the switch module 92 may include a plurality
of MEMS switches operatively coupled in parallel be-
tweenleads 98 and 100. In one embodiment, the plurality
of MEMS switches in the switch module 92 may include
one or more load contacts 94. In accordance with one
embodiment, control circuitry 16 (see FIG. 1) may gen-
erate one or more signals to cause the plurality of load
contacts 94 to initiate opening or closing at substantially
the same time. Due to slight variations in design between
the load contacts 94, it is quite likely that not all of load
contacts will open or close simultaneously. As such, there
will likely be one load contact that is the last to switch
and thus carry the entire current of the switch module 92
for a brief period of time (e.g., on the order of a few mi-
croseconds). The load contacts 94 may thus be designed
to be relatively small and still handle the steady state load
current I, oap 42 (see FIG. 2) of the load circuit 34 (see
FIG. 2), which is also rather small (e.g., on the order of
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about 50 mA to about 1 Ampere).

[0024] The last switchinthe switch module 92 to open,
however, may be called upon to interrupt from about 10
mA to 100 mA depending upon the design of the switch
array and the switching controls. In one embodiment, it
may be desirable to employ a switching contact 102 in
addition to the one or more load contacts 94 to facilitate
final interruption of the load current in the switch module
92. The switching contact 102 may be designed to handle
a larger current than the load contacts 94. Although the
increased current carrying capability of the switching con-
tact 102 may require that the switching contact be larger
than the load contacts 94, a fewer number of switching
contacts 102 may be used.

[0025] Also, in certain embodiments, a non-linear re-
sistor 104, such as a varistor, may be employed to absorb
any residual inductive energy from the switch module 92.
The non-linear resistor 104 may include a metal oxide
varistor (MOV), for example. Such a non-linear resistor
104 may be included in the design of the switch module
92 so as to clip the peaks of the recovery voltage and/or
absorb any residual inductive energy from the load cir-
cuit. The MOV may be selected based on peak voltage,
peak current, and energy absorption characteristics. In
certain embodiments, the peak voltage of the load circuit
may be set to approximately 1.6 times the peak of the
steady-state voltage rating. The 1.6 factor helps control
the amount of energy absorbed by the MOV. The current
rating may be set to the peak current that is expected to
be flowing when the contacts open.

[0026] In addition, the switch module 92 may include
a snubber circuit coupled across the non-linear resistor
104. The snubber circuit may include a snubber capacitor
Csnug 106 coupled in series with a snubber resistor
Rsnyg 108. The snubber capacitor Cgpyg 106 may
facilitate improvement in transient voltage sharing during
the sequencing of the opening of the MEMS switches.
Furthermore, the snubber resistor 108 may suppress any
pulse of current generated by the snubber capacitor
Csnug 106 during closing operation of the switch module
92. Additionally, the switch module 92 may include a
leakage contact 110 coupled in series with the non-linear
resistor 104. It may be noted that the leakage contact
110 may include a MEMS switch. This leakage contact
110 may be configured to reduce steady state leakage
current through the switch module 92 by removing the
effect of any capacitive and non-linear resistive elements
(e.g., such as non-linear resistor 104, Cgpyg 106 and
Rsnus 108) from the switch module 92. The switch
module 92 may also include one or more leakage
resistors 112, 114, where the leakage resistors 112, 114
may be configured to provide a conductive path for any
leakage current in the switch module 92.

[0027] Just as a plurality of MEMS switches may be
operatively coupled in parallel to form a switch module
to achieve a desirable current rating, a plurality of MEMS
switches or switch modules may be operatively coupled
in series to achieve a desirable voltage rating. FIG. 4 is
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a schematic diagram illustrating an exemplary MEMS
based switch array 116 in accordance with one embod-
iment. As illustrated in FIG. 4, the switch array 116 may
include a plurality of switch modules 118 operatively cou-
pled in series. It may be noted that each of the plurality
of switch modules 118 may include at least one MEMS
switch. In one embodiment, one or more of switch mod-
ules 118 may represent the switch module 92 of FIG. 3.
In a presently contemplated configuration, the switch ar-
ray 116 is shown as including two or more switch modules
118 operatively coupled in series between leads 122 and
124. The number 'M’ of modules to be coupled in series
may be determined by the peak voltage rating for the soft
switching system 10 (see FIG. 1).

[0028] Furthermore, each of the plurality of switch
modules 118 may include a respective grading resistor
Rgrape 126 coupled across each of the plurality of switch
modules 118. The grading resistor(s) Rgrape 126 may
provide a conductive path for steady state voltage grad-
ing in the face of a very slight leakage current to ground.
More specifically, in the switch array 116 leakage cur-
rents from MEMS switches to ground may resultin a very
uneven voltage distribution when all the MEMS switches
are open. Steady state voltage sharing may be accom-
plished via the grading resistor(s) Rgrape 126, which
allow a fraction of a microampere to flow through the
switch array 116 to force an even voltage distribution in
the face of leakage current to ground. The grading resis-
tor(s) Rgrape 126 may be selected based on the line to
ground leakage currents expected through the MEMS
switches. Additionally, the switch array 116 may also in-
clude capacitors 130, 132 configured to facilitate control-
ling rate of rise of recovery voltage.

[0029] Referring now to FIG. 5, a schematic diagram
134 of a system model of the exemplary MEMS based
switching system is illustrated. The exemplary MEMS
based switching system 134 is shown as including a
switch array 136, such as the switch array 116 of FIG. 4.
As shown, the MEMS based switching system 134 in-
cludes an alternating current (AC) voltage source
Vsource 138, a source inductance Lgoyrce 140, and a
source resistance Rgoyrce 142. The AC voltage source
138, a source inductance Lgpoyrce 140, and a source
resistance Rgoyrce 142 may be representative of the
Thevenin equivalent circuit of the power source that can
arise from e.g., the secondary of a transformer in the
delivery of power to the switch array 136. Furthermore,
the source inductance Lgoyrce 140 may be represent-
ative of a combined inductance of buses and cables
viewed by the switch array 136.

[0030] In addition, the MEMS based switching system
134 is shown as including a passive load, where the pas-
sive load may include a load inductance L, 5,p 146 cou-
pled in series with a load resistance R, pap 148. The
MEMS based switching system 134 may also include a
source capacitor Cgoyrce 144 and a load capacitor
Cioap 150. The source (Csoyrce 144) and load (C; pap
150) capacitors may control the rate of rise of the recov-
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ery voltage across the switch array 136. Without such
source and load capacitors, there is a possibility of arcing
in the switch array 136 during interruption of an inductive
load current. It may be noted that the source capacitor
Csource 144 and load capacitor C; 5p 150 may be cou-
pled from line to ground rather than directly across the
switch array 136 to suppress a capacitive leakage current
through the switch array 136 when in an open or non-
conducting state. Additionally, the source (Csoyrce 144)
and load (C; pap 150) capacitors may facilitate reducing
voltage stress on the switch array 136 during load inter-
ruption.

[0031] Turning now to FIG. 6, a flow chart 196 illustrat-
ing one embodiment of a method for switching an exem-
plary MEMS based soft switching system from a present
operating state to a second state is provided. As previ-
ously noted, detection circuitry and control circuitry may
be operatively coupled to the switching circuitry, where
the detection circuitry may be configured to detect a zero
crossing of the AC source voltage or a AC load current,
and the control circuitry may be configured to facilitate
arc-less switching of the MEMS switches responsive to
the detected zero crossing.

[0032] Asillustrated in FIG. 6, a current level and/or a
source voltage level in a load circuit may be monitored
asindicated by block 198. In one embodiment, the current
level and/or a source voltage level may be monitored via
the detection circuitry 14 (see FIG. 1), for example. Ad-
ditionally, as indicated by block 200, zero crossings of
source voltage and the load current may be sensed by
the detection circuitry, for example. A trigger signal may
be generated responsive to the detected zero crossings
as indicated by block 202. The trigger signal may be con-
figured to facilitate switching of a present operating state
of the MEMS switch as indicated by block 204.

[0033] Blocks 198-204 may be better understood with
reference to FIGs. 7 and 8. FIG. 7 is a graphical repre-
sentation 206 of exemplary simulation results represent-
ative of a MEMS switch closing at near zero voltage in a
MEMS based soft switching system, in accordance with
aspects of the present invention. As depicted in FIG. 7,
a variation in amplitude 208 is plotted against a variation
in time 210.

[0034] Response curve 212 represents a variation of
amplitude of the Enable signal voltage as a function of
time. Also, reference numeral 214 represents region on
the response curve 212 where the Enable signal voltage
has reached a steady logic high state. A variation of am-
plitude of the source voltage as a function of time is rep-
resented in response curve 216. In a similar fashion, a
variation of amplitude of the load current as a function of
time is embodied inresponse curve 218. Response curve
220 represents a variation of amplitude of the gate volt-
age as a function of time. Also, a region on the response
curve 220 where the gate voltage is transitioned to a logic
high state is indicated by reference numeral 222. Fur-
thermore, reference numeral 224 represents a zero
crossing of the source voltage.
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[0035] As previously described with reference to FIG.
2, the source voltage and load current are continuously
sensed via the detection circuitry. Furthermore, the de-
tection circuitry is employed to detect zero crossings of
the source voltage and the load current. This information
regarding the detected zero crossings is then employed
to set the state of the Enable signal. In the illustrated
embodiment depicted by FIG. 7, the Enable voltage 212
is set to a logic high state in response to a detected zero
crossing of the source voltage. Furthermore, the voltage
of the Enable signal 212 is illustrated as achieving a
steady high state at reference point 214.

[0036] In accordance with exemplary aspects of the
present invention, the MEMS switch may be closed at a
first zero crossing of the source voltage after the Enable
signal voltage achieves a steady logic high state. The
first zero crossing of the source voltage 216 after the
Enable signal 212 achieves a steady logic high state is
represented by reference numeral 224. At the instant in
time associated with the first source voltage zero cross-
ing 224, the gate voltage 220 may be pulled high to fa-
cilitate switching the MEMS switch to a closed state. As
aresult, the load current starts to flow through the MEMS
switch as indicated by response curve 218. Consequent-
ly, the MEMS switch is closed in an arc-less manner to
complete the load circuit responsive to the detected zero
crossing of the AC source voltage. In other words, the
MEMS switch is closed at a near zero source voltage,
thereby suppressing any arc that may be formed between
the contacts of the MEMS switch.

[0037] FIG. 8 is a graphical representation 226 of ex-
emplary simulation results representative of a MEMS
switch opening at near zero current in a MEMS based
soft switching system, in accordance with various as-
pects of the present invention. As depicted in FIG. 8, a
variation in amplitude 228 is plotted against a variation
in time 230.

[0038] Response curve 232 represents a variation of
amplitude of the Enable voltage as a function of time.
Also, reference numeral 234 represents a region on the
response curve 232 where the Enable signal has reached
a steady logic low state. A variation of amplitude of the
source voltage as a function of time is represented in
response curve 236. In a similar fashion, a variation of
amplitude of the load current as a function of time is em-
bodied in response curve 238. Response curve 240 rep-
resents a variation of amplitude of the gate voltage as a
function of time. Furthermore, reference numeral 242
represents a region on the response curve 242 where
the gate voltage is transitioned to a logic low state.
[0039] As can be seen from FIG. 8, the voltage of the
Enable signal 232 that is currently in a logic high state is
set to a logic low state in response to a detected zero
crossing of the load current. Furthermore, the voltage of
the Enable signal 232 is illustrated as achieving the logic
low state at reference point 234.

[0040] The MEMS switch may be opened at afirstzero
crossing of the load current after the Enable signal
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achieves a steady logic low state. The first zero crossing
of the load current 238 after the Enable signal 232
achieves a steady low state is also represented by ref-
erence numeral 234. At the instant in time associated
with the first load current zero crossing 234, the gate
voltage 240 may be pulled low to facilitate switching the
MEMS switch to an open state. Consequently, the source
voltage that was previously in a non-conducting state be-
gins to appear across the MEMS switch as indicated by
response curve 236. Consequently, the MEMS switch is
opened in an arc-less manner to interrupt a load circuit
responsive to the detected zero crossing of the AC load
current. In other words, the MEMS switch is opened at a
near zero load current, thereby suppressing any arc that
may be formed between the contacts of the MEMS
switch.

[0041] While only certain features of the invention have
been illustrated and described herein, many modifica-
tions and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims
are intended to cover all such modifications and changes
as fall within the true spirit of the invention.

Claims
1. A system (10), comprising:

detection circuitry (14) configured to detect oc-
currence of a zero crossing of an alternating
source voltage (36) or an alternating load current
(42);

switching circuitry (12) coupled to the detection
circuitry (14) and comprising a micro-electrome-
chanical system switch (20); and

control circuitry (16) coupled to the detection cir-
cuitry (14) and the switching circuitry (12) and
configured to perform arc-less switching of the
micro-electromechanical system switch (20) re-
sponsive to a detected zero crossing of an al-
ternating source voltage (36) or alternating load
current (42).

2. The system (10) of claim 1, wherein the control cir-
cuitry (16) is configured to open the micro-electro-
mechanical system switch (20) inan arc-less manner
to interrupt a load circuit (34) responsive to the de-
tected zero crossing of the alternating load current
(42).

3. The system (10) of claim 1 or claim 2, wherein the
control circuitry (16) is configured to close in an arc-
less manner to complete a load circuit (34) respon-
sive to the detected zero crossing of the alternating
source voltage (36).

4. The system (10) of any preceding claim, further com-
prising a snubbing circuit (106, 108) configured to
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delay appearance of voltage across the micro-elec-
tromechanical system switch (20).

5. The system (10) of any preceding claim, wherein the
switching circuitry (12) further comprises a switch
module (92) coupled to the control circuitry (16) and
the detection circuitry (14) and comprising a plurality
of micro-electromechanical system switches (20),
wherein the control circuitry (16) is configured to per-
form arc-less switching of at least one of the plurality
of micro-electromechanical system switches (20) re-
sponsive to a detected zero crossing of an alternat-
ing source voltage (36) or alternating load current
(42).

6. The system (10) of any preceding claim, wherein the
switching circuitry (12) further comprises a plurality
of switch modules (92) coupled in a series circuit.

7. The system of claim 6, wherein at least one of the
plurality of switch modules (92) comprises:

a load contact; and

a switching contact, wherein at least one of the
load and switching contacts comprise a micro-
electromechanical system switch.

8. The system (10) of claim 6 or claim 7, further com-
prising a grading resistor (126) coupled in parallel
with at least one switch module (118).

9. A method (196) comprising:

monitoring (198) an alternating source voltage
(36) oran alternatingload current (42) in a switch
array (116, 136), wherein the switch circuitry
comprises a plurality of switch modules (118)
coupled in series;

detecting (200) occurrence of zero crossing of
the alternating load current (42) or the alternat-
ing source voltage (36);

generating (202) a trigger signal (72) responsive
to the detected zero crossing, wherein the trig-
ger signal (72) is configured to facilitate switch-
ing a present operating state of the micro-elec-
tromechanical system switch (20); and
switching (204) a present state of each of the
plurality of switch modules (118) responsive to
the trigger signal (72).

10. The method (196) of claim 9, wherein switching the
present state comprises:

triggering the load contact (94) and the at least
one switching contact (102) such that the load
contact (94) is triggered prior to the at least one
switching contact (102);

opening the load contact (94) and the at least
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one switching contact (102) in an arc-less man-
ner to interrupt a non-zero current in the switch-
ing circuitry such (12) that the load contact (94)
is opened prior to the at least one switching con-
tact (102); and

closing the load contact (94) and the at least one
switching contact (102) in an arc-less manner
to complete the switching circuit (12) while a
non-zero voltage appears across the switch.
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