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(57) ABSTRACT 

A control circuit for a MEMS (Micro-Electro-Mechanical 
System) has a semiconductor sWitch Which has a source, a 
drain and a gate, Which is associated With a selected one of 
spatially arranged ?xed and movable plates of a variable 
capacitor, and is arranged to selectively connect the selected 
one of the ?xed and movable plates With a voltage source. 
A charge injection control circuit is associated With the 
semiconductor sWitch and attenuates current injection into 
the selected one of the ?xed and movable plates of the 
capacitor. 
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METHOD AND APPARATUS FOR REDUCING 
CHARGE INJECTION IN CONTROL OF MEMS 

ELECTROSTATIC ACTUATOR ARRAY 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a MEMS 
(Micro-Electro-Mechanical Systems) and more speci?cally 
to a control arrangement for a MEMS actuator Which 
reduces charge errors and Which alloWs more precise control 
of the MEMS actuator position and increases control range. 

[0002] When a MOS (Metal Oxide Semiconductor) sWitch 
turns off, charge injection errors occur by Way of tWo 
mechanisms. The ?rst is due to channel charge, Which must 
?oW out from the channel region of the transistor to the drain 
and source junctions. The second charge is due to overlap 
capacitance betWeen the gate and drain. These can induce 
drawbacks in MEMS devices Wherein this charge can dimin 
ish the degree to Which a gap in a device, such as variable 
capacitor, Which is associated With the transistor and the 
control of the MEMS, can be accurately controlled. In the 
Worst case, these effects can be suf?cient to cause a capacitor 
to go into pull-in mode and undesirably snap doWn. 

[0003] An arrangement Which enables the charge injection 
into a MEMS variable capacitor to be diminished during 
MOS sWitch off is therefore necessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] FIG. 1 is a schematic depiction of an embodiment 
of the invention shoWing a variable capacitor and a charge 
injection control circuit Which is connected to the variable 
capacitor through a semiconductor device such as transistor 
and Which controls the development of charge on the upper 
of the tWo electrodes. 

[0005] FIG. 2 is a circuit diagram shoWing a ?rst embodi 
ment of an injection control circuit Which is applied to the 
arrangement illustrated in FIG. 1. 

[0006] FIG. 3 is a circuit diagram shoWing a second 
embodiment of an injection control circuit. 

[0007] FIGS. 4A-4C graphically depict operational char 
acteristics of the circuit arrangement shoWn in FIG. 2 (?rst 
embodiment). 
[0008] FIGS. 5A-5C graphically depict the operational 
characteristics of the circuit arrangement shoWn in FIG. 3 
(second embodiment). 
[0009] FIG. 6 is a circuit diagram shoWing a third embodi 
ment of the injection control circuit. 

[0010] FIGS. 7A-7C graphically depict operation charac 
teristics of the circuit arrangement shoWn in FIG. 6 (third 
embodiment). 
[0011] FIG. 8 is a circuit diagram of a fourth embodiment 
of the injection control circuit Which includes one or more 
diodes in each array of sub-circuit and Which limits the “on” 
and “off” gate voltages of the MOS sWitch. 

[0012] FIG. 9 graphically depict the operation character 
istics of the circuit arrangement shoWn in FIG. 8 (fourth 
embodiment) on charge injection. 
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[0013] FIG. 10 is a circuit diagram Which shoWs an 
eXample of a modi?ed level shifter circuit Which comprises 
an embodiment of the invention and Which can be used With 
the other embodiments. 

[0014] FIGS. 11A and 11B are graphs Which shoW opera 
tion characteristics of an unoptimiZed level shifter circuit of 
the type shoWn in FIG. 10. 

[0015] FIGS. 12A and 12B are graphs Which shoW opera 
tion characteristics of a level shifter circuit modi?ed in the 
manner illustrated in FIG. 10. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0016] The embodiments of the invention relate to accu 
rately controlling the gap of a MEMs capacitor. FIG. 1 
shoWs an embodiment of the invention. In this embodiment 
a variable capacitor C1 consists of a bottom ?Xed plate 
(Which can be grounded), and a movable top plate Which is 
suspended by ?eXure beams (not shoWn). The variable gap 
A betWeen the tWo plates is controlled by controlling the 
charge on the upper or top plate. As shoWn, an injection 
control circuit is connected With the upper plate via a solid 
state sWitch. 

[0017] In a nutshell this arrangement comprises a variable 
capacitor having a ?Xed plate and movable plate disposed in 
predetermined spatial relationship With respect to the ?Xed 
plate; and a semiconductor sWitch Which has a source, a 
drain and a gate, Which is associated With a selected one of 
the ?Xed and movable plates of the capacitor and Which is 
arranged to selectively connect the selected one of the ?Xed 
and movable plates With a voltage source. Acharge injection 
control circuit is associated With the semiconductor sWitch 
so as to attenuate current injection into the selected one of 
the ?Xed and movable plates of the capacitor. 

[0018] In more detail, FIG. 1 C1 denotes the variable 
capacitor (?eXures are not shoWn). M1 is an analog sWitch 
formed by an NMOS device, a PMOS device, or NMOS and 
PMOS devices. V_ref is an analog reference voltage. En is 
the enable signal Which is generated by the charge injection 
control circuit. To “Write” a charge to C1 and change Gap A, 
V_ref is established, and then M1 is turned on by En Which 
is generated by the charge control circuit. After an appro 
priate time (a function of the circuit’s electrical time con 
stant), M1 is turned off. 

[0019] This process changes the amount of charge on C1 
and induces the situation Wherein the electrostatic charge 
Which has accumulated on C1 draWs the movable plate 
toWard the ?Xed plate. 

[0020] To produce an array of MEMS actuators, the circuit 
of FIG. 1 is replicated N><M times, in N roWs and M 
columns. En could be a roW signal, for a total of N En 
signals, and V_ref could be a column signal for M V_ref 
signals. 

[0021] HoWever, as noted above in connection With the 
prior art, signi?cant error can be introduced into the system 
by the charge injected onto C1 by M1 When M1 is turned off. 
In the Worst case, as noted above, this charge can be large 
enough to cause C1 to go into pull-in mode and snap doWn. 
Alternatively, this charge can simply diminish the level of 
control to Which Gap A can be controlled. 
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[0022] When MOS switches turn off, charge errors occur 
by Way of tWo mechanisms. The ?rst is due to channel 
charge, Which must ?oW out from the channel region of the 
transistor to the drain and source junctions. The second 
charge is due to overlap capacitance betWeen the gate and 
drain. The embodiments of the invention described here 
minimiZe these sources of charge error. 

[0023] In the case of an array of MEMS actuators, the die 
can consist of control circuitry Which runs at loW-voltage 
logic on the periphery of the array, While the array itself, 
may be required to operate at higher voltages. In this case, 
each En roW signal may be voltage level-shifted from a loW 
voltage (5 V, for example) output from the control logic to 
a high-voltage (12 V, for example) signal appropriate for the 
array by means of a high-voltage level shifter circuit. 

[0024] In an array operating at 12 V (for example), the 
gates of the analog MOS sWitches in the array can experi 
ence voltage sWings of 0-12 V, Which can inject signi?cant 
noise due to gate-drain coupling and channel charge injec 
tion. It is desired to limit the voltage sWing on the gate of the 
MOS sWitch to reduce charge injection into the MEMS 
device. Embodiments that accomplish this are described 
beloW: 

[0025] The ?rst and second embodiments of the charge 
injection control circuit are directed to reducing charge 
inj ection in MEMS electrostatic actuators by decreasing gate 
voltage sWing on the drive transistor. In a nutshell, these 
circuits comprise ?rst and second semiconductor elements 
Which are circuited With a gate of the semiconductor 
sWitches and Which modify a gate signal Which is applied to 
the gate in a manner Wherein at least one of: 

[0026] a) a voltage variation time of the gate signal is 
set so that current can predominantly drain from a 
channel of the semiconductor sWitch to the source 
When the semiconductor sWitch is closing, and 

[0027] b) the voltage of the signal Which is applied to 
the gate is limited to limit the degree to Which the 
semiconductor sWitch enters into an inversion region 
and/or an accumulation region. 

[0028] FIG. 2 shoWs details of the ?rst embodiment of the 
charge injection control circuit. As Will be appreciated, this 
embodiment requires the addition of tWo devices to each 
array subcircuit to limit the “off” gate voltage of the MOS 
sWitch and sloW the sWitch closure to the degree that instead 
of the charge beneath the gate being permitted to distribute 
50/50 betWeen the source and the drain, most of the charge 
is, due to the differential capacitance betWeen the source and 
drain, permitted to drain off to the source side. 

[0029] In FIG. 2, Mlb and Clb represent M1 and C1 of 
FIG. 1 respectively. M6b and M7b are used to condition the 
signal ngate_vb, Which enables/disables MOS sWitch Mlb. 
To turn on Mlb (PMOS), M7b (NMOS) is activated by 
roW_enb, a high-voltage signal. When Mlb is on, the gate of 
Mlb is driven to all the Way to ground (0 V). To turn Mlb 
off, instead of driving the gate of Mlb to a full vpp, Which 
Would inject maximum coupling noise, the gate of Mlb is 
only driven to vref by M6b. Because the source of M1b is 
at vref, a gate voltage of vref is the minimum voltage 
required to fully turn Mlb off. Using an NMOS device for 
M6b has the added bene?t of smoothing out (sloWing) the 
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turn-off voltage slope on ngate_vb, Which reduces charge 
injection in Mlb due to channel charge dispersion. 

[0030] FIG. 3 shoWs a second embodiment of the inven 
tion. This embodiment is also directed limiting the “off” gate 
voltage of the MOS sWitch and is such that M1c and Clc 
respectively represent M1 and C1 of FIG. 1. It Will be noted 
that the signal/element designations Which end in the letter 
“b” in FIG. 2 have corresponding designations Wherein the 
letter “b” is replaced With the letter “c”. In FIG. 6, the letter 
“b” is replaced by the letter “d”. Thus, the high voltage 
signal roW_enb in FIG. 2, becomes roW_enc and roW_end in 
FIGS. 3 and 6 respectively. 

[0031] The signals roW-en and roW-en-bar are high volt 
age signals Which are applied in accordance With the need to 
vary the gap A of the variable capacitors. 

[0032] M6c and M7c are used to condition the signal 
ngate_vc, Which enables/disables NMOS sWitch Mlc. When 
M1c (NMOS) is turned on, M7c (PMOS) is activated by 
roW_en_barc, a high-voltage signal. To turn M1c on, the 
gate of M1c is driven to a full high voltage vpp. To turn M1c 
off, instead of driving the gate of Mlc to 0 V, Which Would 
inject maximum coupling noise, the gate of M1c is only 
driven to vref by M6c. Because the source of M1c is at vref, 
a gate voltage of vref is the minimum voltage required to 
fully turn Mlc off. Using a PMOS device for M6c has the 
added bene?t of smoothing out the voltage slope on ngat 
e_vc, Which reduces charge injection in M1c due to channel 
charge 
[0033] Simulations Which Were run to test the above 
embodiments used a 10 fF load capacitance on the drain of 
the MOS sWitch to represent the capacitive load presented 
by the MEMS actuator. The results for the ?rst and second 
embodiments are respectively depicted in FIGS. 4A-4C and 
5A-5C. All simulations use a Vref of 5V and Vpp of 9V. The 
circuit shoWn in FIG. 2 (that is to say, the PMOS sWitch) 
Was simulated to demonstrate the advantageous effects of 
M6b and M6c on charge injection. 

[0034] In the graphs depicted in FIGS. 4A-4C, each of the 
traces labeled “UnoptimiZed” is a trace of the Waveform of 
the drain of the PMOS sWitch, the gate of Which is driven 
directly by the bottom Waveform (or its complement, in this 
case). The “optimized” Waveform uses the extra devices 
M6b and M7b to limit the voltage sWing on the gate of the 
PMOS sWitch. In the unoptimiZed case, 5.546 fC (femto 
Coulomb) are (by Way of example) injected onto the capaci 
tive load. In the optimiZed case, only 2.856 fC (by Way of 
example) are injected onto the capacitive load. 

[0035] The circuit of FIG. 3 (NMOS sWitch) Was simu 
lated to demonstrate the advantageous effects of M6b and 
M6c on charge injection. The results are depicted graphi 
cally in FIGS. 5A-5C. 

[0036] The Waveform labeled “UnoptimiZed” in FIG. 5A 
is a trace of the Waveform of the drain of the NMOS sWitch, 
the gate of Which is driven directly by the Waveform shoWn 
in FIG. 5C. The “optimized” Waveform (FIG. 5B) uses the 
extra devices M6b and M7b to limit the voltage sWing on the 
gate of the NMOS sWitch. In the unoptimiZed case, 2.565 fC 
are injected onto the capacitive load. In the optimiZed case, 
only 1.115 fC are injected onto the capacitive load. 

[0037] FIG. 6 shoWs a third embodiment of the charge 
injection control circuit. This embodiment is directed lim 
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iting both “on” and “off” gate voltages to the MOS switch 
and includes the addition of tWo devices and one or tWo 
reference voltages to each array subcircuit. The reference 
voltages can be common to the entire array and the embodi 
ment utilizes a PMOS analog sWitch. 

[0038] In FIG. 6, the reference voltages v_gate_off and 
v_gate_on can be set depending on the range of voltages that 
Will be used for vref. For example, v_gate_on could be set 
to approximately one volt beloW the minimum vref, and 
v_gate_off could be set to approximately the maximum vref, 
thus ensuring that the accumulation charge (When Mla' is 
off) and inversion charge (When Mla' is on) are minimiZed. 

[0039] The operation of the circuit shoWn in FIG. 6 Was 
veri?ed using the same set of conditions as Were used in 
FIGS. 4 and 5. FIG. 7 shoWs simulation results from the 
circuit of FIG. 6. The bottom Waveform is roW_end, the 
middle Waveform is ngate_vd, and the top Waveform is the 
voltage on Cld. 

[0040] The results of FIG. 7A can be compared With those 
of the unoptimiZed case of FIG. 4A. In the unoptimiZed 
case, 5.546 fC (by Way of example) are injected onto the 
capacitive load (see FIG. 4). In the optimiZed case of FIG. 
7B, 1.445 fC (by Way of example only) are injected onto the 
capacitive load. 

[0041] FIG. 8 shoWs a fourth embodiment of the inven 
tion Which requires the addition of one or more diodes to 
each array sub circuit, as Well as a resistor Which may be 
implemented using an active device such as an NMOS or 
PMOS. This embodiment limits the “on” and “off” gate 
voltages of the MOS sWitch. In the case of a PMOS sWitch, 
the gate voltage of the sWitch can be limited to an acceptable 
range around vref by means of the circuit shoWn in this 
?gure. 

[0042] Note that the series diodes can be replaced by a 
single diode designed to have an appropriate VT, or a Zener 
diode, or some other number/combination of diodes. It may 
be desirable to limit only the “on” gate voltage or only the 
“off” gate voltage, in Which case D<2, 4, and 6> or D<1, 3 
and 5> may be unnecessary. The resistor in R1 may be 
realiZed using a MOS device in order to minimiZe the area 
consumed. The resistance should, hoWever, be suf?ciently 
large to minimiZe static current ?oW. 

[0043] The results shoWn in FIG. 9 are compared With the 
unoptimiZed case of FIG. 4A. In FIG. 9C, the trace is vgate 
(0-9 V digital), the middle trace (FIG. 9B) is the voltage of 
the gate of the PMOS device, and the trace shoWn in FIG. 
9A is the voltage on the 10 fF load capacitance. 

[0044] The results of FIG. 9A are compared With those of 
the unoptimiZed case of FIG. 4A. In the unoptimiZed case, 
5.546 fC (by Way of example) are injected onto the capaci 
tive load (see FIG. 4A). In the optimiZed case of FIG. 9A, 
2.063 fC are injected onto the capacitive load. 

[0045] With the embodiments of the invention, by 
decreasing the magnitude of the sWing of the gate voltage of 
a MOS sWitch, charge error resulting from charge injection 
When the MOS sWitch turns off is minimiZed. The schemat 
ics described in connection With the preceding embodiments 
merely provide a feW examples of circuits that can perform 
this function. The circuits described above can be replicated 
at each array sub circuit, or they can be replicated only once 
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per roW (or column) to condition roW/column control sig 
nals. Note that these embodiments need not be used alone 
and can be used in conjunction With other methods of 
reducing charge injection, such as increasing turn-off time 
on the gate of the MOS sWitch, and using complimentary 
MOS sWitches. 

[0046] The next embodiment is directed to reducing 
charge injection in control of MEMS electrostatic actuator 
arrays by increasing MOS sWitch turn-off time. 

[0047] As noted above, When MOS sWitches turn off, 
charge errors occur by tWo mechanisms. The ?rst is due to 
channel charge, Which must ?oW out from the channel 
region of the transistor to the drain and source junctions. The 
second charge is due to overlap capacitance betWeen the gate 
and drain. 

[0048] When a MOS transistor turns off, the accumulated 
channel charge exits to the source node and the drain node 
under capacitive coupling and resistive conduction. Under 
fast sWitching-off conditions, the transistor conduction chan 
nel disappears very quickly since there is insuf?cient time 
for the charge at the source node and the charge at the drain 
node to communicate. Hence, the percentage of the charge 
injected into the data-holding node approaches 50 percent 
independent of the ratio of source capacitance to drain 
capacitance. HoWever, under sloW sWitching-off conditions, 
the communication betWeen the charge at the source node 
and the charge at the drain node is so strong that it tends to 
make the ?nal voltages at both sides equal. This alloWs the 
majority of channel charge to go to the node With larger 
capacitance. 

[0049] As noted above, in the case of an array of MEMS 
actuators, the die can consist of control circuitry Which runs 
at loW-voltage logic on the periphery of the array, and the 
array itself, Which may be required to operate at higher 
voltages. In this case, each En roW signal may be voltage 
level-shifted from a loW voltage (5 V, for example) output 
from the control logic to a high-voltage (12 V, for example) 
signal appropriate for the array by means of a conventional 
high-voltage level shifter circuit such as that shoWn in FIG. 
10. In this example, semiconductor elements M10a-M10f 
are connected betWeen terminals vpp, In and gnd, and Out 
and Out_Bar, in the illustrated manner. Inasmuch as voltage 
level shifting circuits are Well knoWn in the art and in that 
a number of variations can be used, no further disclosure 
Will be given With respect to the construction, arrangement 
and operation of this circuit for the sake of brevity. 

[0050] With the level shifting circuit shoWn in FIG. 10, 
Out or Out_Bar, for example, could be used as the roW 
control signal En. HoWever, in the case Where control of the 
array is purely digital and When it is desired to operate 
control of the array at maximum clock rates, this level shifter 
circuit Will normally be designed to minimiZe rise and fall 
times on the outputs. Therefore, in an effort to minimiZe 
charge injection into each MEMS device, the circuit of the 
FIG. 10 is modi?ed to increase rise and fall times on Out 
and Out_Bar. This is done by decreasing W/L of selected 
ones of M10a-M10f, and/or adding a capacitive load to Out 
and Out_Bar in the manner shoWn. 

[0051] The charge injected by a PMOS sWitch (e.g. M1) 
Was monitored by monitoring the voltage on a small (10 fF) 
capacitive load on the drain of the sWitch, the gate of Which 
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Was connected to the output of the unoptimiZed level shifter 
in FIG. 10. FIG. 11B shows the charge injected into the 
drain of the PMOS switch, the gate of Which Was connected 
to the output of the unoptimiZed level shifter, assuming the 
circuit is running at 9 V and V_ref is 5 V in the manner 
depicted in FIG. 11A. 

[0052] The charge injected by a PMOS sWitch (e.g. M1) 
Was monitored by monitoring the voltage on a small (10 fF) 
capacitive load on the drain of the sWitch, the gate of Which 
Was connected to the output of the unoptimiZed level shifter 
of the type shoWn FIG. 10 but Without the capacitance load. 
FIG. 11B shoWs the charge injected into the drain of the 
PMOS sWitch, the gate of Which Was connected to the output 
of the unoptimiZed level shifter, assuming the circuit is 
running at 9 V and V_ref is 5 V in the manner depicted in 
FIG. 11A. 

[0053] As the PMOS sWitch (M1) arrangement turns off, 
the charge injected onto the drain of the sWitch raises the 
voltage on the capacitor by 557.2 mV, Which correlates to 
5.572 fC, given the 10 fF load. In FIG. 12B, there are tWo 
modi?cations made to the conditioning of the En signal that 
turns the PMOS sWitch on and off: (a) W/L of the drivers in 
the level shifter are decreased, and (b) a 2 pF capacitive load 
Was added to the En signal. The 2 pF capacitive load added 
to the V_ref signal, alloWed the majority of the channel 
charge to leave via the source of the sWitch, since the source 
capacitance is much greater than the drain capacitance. It is 
Worth noting at this point that the 2 pF load added to the vref 
signal (source of the MOS sWitch) is the parasitic capaci 
tance inherent in running a V_ref over a large array. The 
drain of the MOS sWitch is only connected to the associated 
MEMS device, so capacitance on that node is quite small. 

[0054] As the PMOS sWitch turns off, the charge injected 
onto the drain of the sWitch raises 340.05 mV, Which 
correlates to 3.4005 fC, given the 10 fF load. This represents 
a 1.6x improvement in minimiZation of charge injection. 

[0055] Thus, by increasing the time it takes for an analog 
MOS sWitch to turn off, charge injected into the drain due to 
channel charge accumulation can be decreased. With short 
turn-off times, channel charge is split approximately equally 
betWeen the source and drain. With longer turn-off times 
achieved by Weakening signal drivers and adding capacitive 
loads, and With the MOS sWitch source capacitance (capaci 
tance on reference voltage) much greater than the MOS 
sWitch drain capacitance, the voltage betWeen source and 
drain of the MOS sWitch is equalized, resulting in most 
channel charge exiting the channel out of the source termi 
nal. 

[0056] Thus, as Will be appreciated, injection noise can be 
reduced by either: 1) reducing the amount of channel charge, 
2) increasing the ratio of channel charge dumped betWeen 
the source and drain by loWering the gate sleW rate and 
increasing the source to drain node capacitance ratio, or 3) 
partially compensating the channel charges by using both N 
and P devices on the variable capacitor node. 

[0057] The latter method, hoWever, tends to suffer from a 
draWback of essentially doubling the parasitic capacitance 
on the variable capacitor node. Reduction of this capacitance 
is essential for increasing the stable gap range before snap 
doWn When operating the MEMS actuator in charge control 
mode. It should be noted that in a voltage control mode, a 
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smaller stable gap range is available, but maximiZing the 
capacitance can be bene?cial. 

[0058] If injection charge (partition noise) can be reduced 
so that only one device is necessary, the use of both N & P 
compensating devices is not necessary and the drain capaci 
tance can be reduced by about half. 

[0059] Although not shoWn, the injection control circuit 
embodiments of the invention can be applied to controlling 
a micro-electromechanical system (MEMS) Which combine 
mechanical devices, such as mirrors and actuators, With 
electronic control circuitry for controlling the mechanical 
devices. Merely by Way of example, one such MEMS 
arrangement can comprise a diffractive light device (DLD), 
Wherein the variable capacitor is composed of a ?xed 
re?ective ground plate and a semi-transparent, (electrostati 
cally) movable second plate. The variable gap betWeen the 
plates is used to produce interference or diffraction of light 
passing thereinto, and can be used for spatial light modula 
tion in high resolution displays and for Wavelength man 
agement in optical communication systems. By controlling 
the gap betWeen the ?xed and movable plates of the variable 
capacitor shoWn in FIG. 1, and thus using the variable 
capacitor as a linear acting motor, it is possible that the 
above mentioned interference/diffraction can be controlled. 

[0060] The precision of this control is enabled by the 
injection control circuits Which are disclosed in connection 
With the embodiments of the invention. 

[0061] As Will be appreciated, the invention has been 
disclosed With reference to only a limited number of 
embodiments, hoWever, the various changes and modi?ca 
tions Which can be made Without departing from the scope 
of the invention Which is limited only by the appended 
claims, Will be self-evident to those skilled in the art of or 
circuit design or that Which closely pertains thereto. 

[0062] For example, While the above disclosure refers to 
sloWing doWn the lever shifter, it is Within the scope of the 
present invention to sloW doWn at least one of the roW and 
column drivers. That is to say, the technique used in the 
above example of the level shifter can be applied to other 
types of roW and column drivers such as CMOS inverters 
and the like. 

What is claimed is: 

1. Acontrol circuit for a MEMS (Micro-Electro-Mechani 
cal System) comprising: 

a variable capacitor having a ?xed plate and movable 
plate disposed in predetermined spatial relationship 
With respect to the ?xed plate; 

a semiconductor sWitch Which has a source, a drain and a 
gate, Which is associated With a selected one of the 
?xed and movable plates of the capacitor and Which is 
arranged to selectively connect the selected one of the 
?xed and movable plates With a voltage source; and 

a charge injection control circuit associated With the 
semiconductor sWitch Which attenuates current injec 
tion into the selected one of the ?xed and movable 
plates of the capacitor. 

2. A control circuit as set forth in claim 1, Wherein the 
charge injection control circuit comprises: 
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?rst and second semiconductor elements Which are cir 
cuited With a gate of the semiconductor sWitch and 
Which modify a gate signal Which is applied to the gate 
of the semiconductor sWitch in a manner Wherein at 
least one of: 

a) a voltage variation time of the gate signal is set so that 
accumulated charge can predominantly drain from a 
channel of the semiconductor sWitch to the source 
When the semiconductor sWitch is closing, and 

b) the voltage of the signal Which is applied to the gate is 
limited to limit the degree to Which the semiconductor 
sWitch enters into an inversion region and/or an accu 
mulation region. 

3. Acontrol circuit as set forth in claim 2, Wherein the ?rst 
and second semiconductor elements are ?rst and second 
MOSFET transistors Wherein the drains are both connected 
to the gate of the semiconductor sWitch and Wherein the 
sources are respectively connected to a source of reference 

voltage and ground respectively. 
4. Acontrol circuit as set forth in claim 3, Wherein the ?rst 

and second MOSFET transistors have gates Which are 
respectively connected With sources of signals Which respec 
tively control the opening and closing of the semiconductor 
sWitch. 

5. Acontrol circuit as set forth in claim 2, Wherein the ?rst 
and second semiconductor elements are third and fourth 
MOSFET transistors Wherein drains of the third and fourth 
MOSFET transistors are both connected to the gate of the 
semiconductor switch and Which have sources Which are 
respectively connected to a source of reference voltage and 
a source of a predetermined high voltage. 

6. A control circuit as set forth in claim 5, Wherein the 
third and fourth MOSFET transistors have gates Which are 
respectively connected With sources of signals Which respec 
tively control the opening and closing of the semiconductor 
sWitch. 

7. Acontrol circuit as set forth in claim 6, Wherein the ?rst 
and second semiconductor elements are ?fth and siXth 
MOSFET transistors Wherein drains of the ?fth and siXth 
MOSFET transistors are both connected to the gate of the 
semiconductor sWitch Wherein the sources of the ?fth and 
siXth MOSFET transistors are respectively connected 
sources of voltage Which are limited to respectively limit the 
degree to Which the semiconductor sWitch enters into an 
inversion region and/or an accumulation region. 

8. Acontrol circuit as set forth in claim 2, Wherein the ?rst 
and second semiconductor elements are ?rst and second 
diodes Which are connected in parallel betWeen a source of 
reference voltage and the gate of the semiconductor sWitch 
Which is connected With a voltage source Which controls the 
opening and closing of the semiconductor sWitch via a 
resistor. 

9. Acontrol circuit as set forth in claim 8, Wherein the ?rst 
and second diodes are con?gured to permit current How in 
opposite directions. 

10. A control circuit as set forth in claim 1, Wherein the 
charge control circuit comprises a capacitance load Which is 
circuited in parallel With the gate of the semiconductor 
sWitch. 

11. A control circuit as set forth in claim 10, Wherein the 
capacitance load is interposed betWeen the gate of the 
semiconductor sWitch and a voltage control circuit Which 
controls the application of a voltage signal to the gate of the 
semiconductor sWitch. 
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12. A control circuit as set forth in claim 11, Wherein the 
voltage control circuit comprises a voltage level-shifter 
circuit. 

13. A control circuit as set forth in claim 12, Wherein the 
voltage level-shifter circuit is connected With a voltage 
source having a ?rst voltage level and a source of a control 
signal Which has a voltage loWer than the ?rst voltage and 
Which determines the opening and closing of the semicon 
ductor sWitch and Wherein an output of the voltage level 
shifter circuit is connected With the capacitance load. 

14. A control circuit as set forth in claim 1, further 
comprising a capacitance load Which is interposed betWeen 
the charge injection circuit and a voltage level-shifter circuit 
Which is con?gured to step up a ?rst voltage of a control 
signal to a second higher voltage. 

15. A display device comprising: 

a plurality of variable capacitors each having a ?Xed plate 
and a movable plate disposed in predetermined spatial 
relationship With respect to the ?Xed plate; 

a plurality of semiconductor sWitches each associated 
With a selected one of the ?Xed and movable plates of 
the capacitors and Which is arranged to selectively 
connect the selected one of the ?Xed and movable 
plates With a voltage source; 

a plurality of semiconductor sWitches Which each have a 
source, a drain and a gate, Which each is associated With 
a selected one of the ?Xed and movable plates of the 
capacitor and arranged to selectively connect the 
selected one of the ?Xed and movable plates With a 
voltage source; and 

a plurality of charge injection control circuits each asso 
ciated With a semiconductor sWitch for attenuating 
charge injection into the selected one of the ?Xed and 
movable plates of the respective capacitor When the 
semiconductor sWitch is closing. 

16. Adisplay as set forth in claim 15 , Wherein the movable 
plate is at least partially transparent and the ?Xed plate is 
re?ective so that light can be subjected to interference or 
diffraction in accordance With the variable distance betWeen 
the ?Xed and movable plates. 

17. Adisplay as set forth in claim 15, Wherein the plurality 
of charge injection control circuits each comprise: 

?rst and second semiconductor elements Which are cir 
cuited With a gate of a semiconductor sWitch, and 
Which modify a gate signal Which is applied to the gate 
in a manner Wherein at least one of: 

a) a voltage variation time of the gate signal is set so that 
current can predominantly drain from a channel of the 
semiconductor sWitch to the source When the semicon 
ductor sWitch is closing, and 

b) the voltage of the signal Which is applied to the gate has 
a voltage close to and in eXcess of a threshold voltage 
at Which a conduction state of the semiconductor 
sWitch is changes. 

18. A method of making a control circuit for a MEMS 

(Micro-Electro-Mechanical System) comprising: 
forming a variable capacitor having a ?Xed plate and 

movable plate disposed in predetermined spatial rela 
tionship With respect to the ?Xed plate; 
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forming a semiconductor switch Which has a source, a semiconductor switch means Which has a source, a drain 
drain and a gate, Which is associated With a selected one and a gate, which is associated with a Selected one of 

of the fixed and movable Plates of the Capacitor and the ?xed and movable plates of the capacitor for 
Whlch 15 arranged to selectlvely Connect the Selected selectively connecting the selected one of the ?xed and 
one Oh the hXed and movable plates Wlth a Voltage movable plates With a voltage source and for inducing 
Source’ a change in distance betWeen the ?xed and movable 

forming a circuit associated With the semiconductor plates; 
sWitch for attenuating current injection into the selected 
one of the ?xed and movable plates of the capacitor, circuit means associated With the semiconductor sWitch 
said circuit comprising: for attenuating current injection into the selected one of 

?rst and second semiconductor elements Which are the hXed and movable plates of the eapaeltor' 
circuited with a gate of the semiconductor switches 20. A control circuit as set forth in claim 19, Wherein the 
and Which modify a gate signal Which is applied to circuit means comprises: 
the gate in a manner Wherein at least one of: 

_ _ _ _ _ ?rst and second semiconductor elements Which are cir 

a) a Voltage Vanatloh thhe, of the gate slghal Is Set so cuited With a gate of the semiconductor sWitches and 
that current can predominantly drain from a channel h. h d.f t . 1 h. h . 1. dt th t 
of the semiconductor sWitch to the source When the 1C m0 1 y a ga ,6 slgna W 1C 15 app 16 0 6 ga e 

semiconductor sWitch is closing, and In a thahher Wherelh at least one Oh 

b) the voltage of the signal which is applied to the gate a) a voltage variation time of the gate signal is set so that 
is limited to limit the degree to Which the semicon- current can predominantly drain from a channel of the 
ductor switch enters into an inversion region and/0r semiconductor sWitch to the source When the semicon 
an accumulation region ductor sWitch is closing, and 

19. A control circuit for a MEMS (Micro-Electro-Me 
chanical System) comprising: b) the voltage of the signal Which is applied to the gate is 

limited to limit the degree to Which the semiconductor 
variable capacitor means having a ?xed plate and mov- _ _ _ _ _ 

switch enters into an inversion region and/or an accu able plate disposed in predetermined spatial relation- _ _ 
ship With respect to the ?xed plate, for operative mulatlon reglon 
association With and motivating an arrangement asso 
ciated With the MEMS; * * * * * 


