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Abstract: A simple experimental method based on capacitance voltage (CV) measurements is presented to extract 
the spring constants (k) different actuation voltages and gaps, in crab type capacitive MEMS accelerometer 
sensors. It is shown that in addition to main spring action provided by the legs of the structure, the additional 
spring constants related to the interaction of main spring-proof mass joint and corner region of the proof mass also 
contribute to change in capacitance. The proposed approach is used in resolving and measuring these model 
parameters simultaneously because all of them can be extracted from the just one CV measurement. It is found 
that this additional k varies by more than a factor of 10 across the 6-inch wafer. Furthermore, zero bias capacitance 
C0, zero bias gap g0, main spring constant k and initial pull down voltage Vpd1 vary by factors of 2.4, 2.38, 30 
and 3 respectively. The method also allows us to extract different values of pull down and spring constants 
associated with different regions of crab structure. The experimental results agree well with the theoretical 
predictions and reported trends in literatures. The method is routinely applied while fabricating the actual 
prototype sensors fabricated in our laboratory. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 

Micro-Electro Mechanical Systems (MEMS) 
based capacitive microaccelerometers (MA) are 
matured and used in many systems due to their high 
sensitivity, low noise, low temperature sensitivity and 
low power dissipation characteristics [1-3]. Capacitive 
accelerometers performance is generally superior in 
low frequency range and they can be operated to 
achieve high stability and linearity. These 
accelerometers can be designed based on either change 

in gap or change in area approaches having their own 
advantages and disadvantages. The change in gap type 
accelerometers can be fabricated using variety of 
process recipes [4]. One of the structures based on 
change in gap type is called Crab type accelerometer 
(Fig. 1) in which the area of the proof mass that is 
varied to achieve the targeted capacitance and gap 
varies as a result of change in acceleration. Further, 
four legs of the structure with appropriate spring 
constants are designed to hold the structure at four 
corners.  
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Fig. 1. Top and side view of crab type MEMS micro 
accelerometer structure showing main proof mass  

and four legs. 
 
 

As described above, the functioning of these 
MEMS accelerometers is based on the capacitance 
change due to change in gap as a result of acceleration 
and hence design involves design of MEMS capacitor 
that is sensitive to various noise effects present for low 
spring constant desired for 3–5 V applications. There 
is lot of literature existing about design and fabrication 
such capacitors mainly in the context of RF MEMS 
switches, varactors and accelerometers [1-7]. Recently 
we reported sensitive axis-misalignment 
measurements in crab type micro accelerometers 
being developed in our laboratory [8]. 

Young and Boser [9] were the first to develop a 
parallel-plate MEMS capacitor (varactor) that is 
similar to crab type accelerometer discussed here. 
Four such capacitors were connected in parallel to 
achieve total capacitance of change of 15 %.  
Claza, et al. [10] reported capacitance voltage (CV) 
measurements of RF MEMS switches in both the on 
and off states. The spring constant of the suspensions 
was used to control the actuation voltage of the 
different designs. Dec and Suyama [11-12] developed 
two - and three-plate capacitor designs using the 
standard polysilicon micromachining process. The 
spring constant of 39 N/m was achieved by using four 
curved beams and the measured capacitance was 
tunable from 1.4 to 1.9 pF. Barker, Muldavin, and 
Rebeiz [13] developed a parallel-plate varactor having 
a capacitance ratio of 1.35 and suitable for  
20 to 100 GHz applications using a low spring 
constant support. Zou, et al. [14] developed a wide-
tuning-range parallel plate varactor using a novel 
electrode design in which top capacitor and actuation 
electrodes were separated by two gaps. Their 
measured capacitance had a tuning ratio of  
1.55–1.65. However, none of these authors reported 
analysis of the spring constants in the range when 
applied actuation voltages are of the order of pull 
down voltages or even larger. The knowledge of 
parameters in the said range of operation is important 
for design and parameter extraction. 

In all the above cases, it was assumed that the 
capacitance change is controlled by one spring 
constant of the structure which is true to a first 
approximation. However, it is argued here that when 
the deflection of the top capacitor plate is large i.e. on 
application of actuation voltage greater than pull down 
voltage Vpd, the capacitance increases further, with 
sharp transitions near pull down voltages that are 
manifested by shoulders in CV curves. Such shoulders 
have been observed by many workers in the field [5, 
14-15] but these will be governed by additional or 
other spring constants of the structure that come into 
play. Based on our experimental observations, it is 
proposed here that in Crab type accelerometer, spring 
constant of structure will be actually staircase type 
having three values corresponding to anchored leg, 
corner joining region of the main proof mass and the 
leg, proof mass near corner region dominated by proof 
mass. This will be discussed further in detail. 

Section 2 discusses the simple theoretical design of 
microaccelerometer (MA) and importance of spring 
constant k. Section 3 describes the fabrication process. 
In Section 4, we discuss the CV measurements. 
Results and discussions are discussed in Section 5 and 
finally in section 6 we discuss the brief conclusions. 

 
 

2. Theoretical 
 
The principle of working of an accelerometer can 

be explained by a simple mass (m) attached to a spring 
of stiffness (k) that in turn is attached to a casing, as 
illustrated in Fig. 2. The mass used in MEMS 
accelerometers is often called proof-mass. The system 
also includes a method or device for damping the 
shock or vibration to provide a desirable damping 
effect. This is called a dashpot having a particular 
damping coefficient c (Fig. 2) that is normally attached 
to the mass in parallel with the spring. When the spring 
mass system is subjected to linear acceleration, a force 
equal to mass times acceleration acts on the proof-
mass, causing it to deflect. This deflection is sensed by 
a suitable means and converted into an equivalent 
electrical signal. Some form of damping is required, 
otherwise the system would not stabilize quickly 
under applied acceleration.  

 
 

 
 

Fig. 2. The ideal model of MEMS capacitive 
microaccelrometer.  

 
 

The design involves the solution of the motion 
equation where all real forces (the sum of all forces in 
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the z direction) acting on the proof-mass are equal to 
the inertia force on the proof-mass. Accordingly, a 
dynamic problem can be treated as a problem of static 
equilibrium and the equation of motion can be 
obtained by direct formulation of the equations of 
equilibrium as follows:  

 
+ + = ext (1) 

 
The static deformation is given by 
 

 (2) 

 
For a case of damped mass spring system, the 

dynamic behavior of motion as given by eqn. (1) is a 
second order linear differential equation with constant 
coefficients given as follows: 

 

m
	

, (3) 

 
where  

m = mass of the proof-mass; 
a = acceleration; 
x = relative movement of the proof-mass with 

respect to frame; 
D = damping coefficient; 
k = spring constant; 
Fext = external force applied.  
It may be seen from the above equations that we 

need to know the value of spring constant k for the 
design of micro accelerometer. 

The proof-mass size and spring constants are 
selected in such a way that there shall be a capacitance 
change of measurable range say around1 fF or more 
for the smallest resolution of acceleration to be 
detected say 1 mg as a minimum resolution. This 
limitation comes from the capacitance signal that can 
be handled comfortably by the signal processing 
electronics. 

Generally workers in the field have assumed one 
value of spring constant for a given material and 
geometry in the design of an capacitive accelerometer 
[7]. This approach may be correct as a first order 
design particularly for a crab type accelerometer. 
However, it is argued here that same spring constant 
cannot be used for all the values of deflection in crab 
type MA. As the applied force or acceleration is 
increased in z direction (say –z, i.e. downwards), the 
proof mass gets pulled down further and further and 
spring action of other regions associated with the main 
spring start contributing. However near the corners 
structure cannot deflect or pull down fully because of 
four springs attached to four anchors upwards. For 
accurate modeling and particularly for shock test 
modeling, understanding of this effect is important. 
This effect can be witnessed by simple CV 
measurements. CV measurements are routinely used 
in the laboratory to see whether the fabricated MEMS 
membrane is indeed movable or not. Experimental 
evidence of this can be seen in the CV measurements 

of MEMS varactors as reported by many workers  
[5, 8-14]. It is shown here that spring constant in 
general increases with decreasing gap.  

The crab type MA is modeled as a parallel-plate 
capacitor and neglecting the incremental increase in 
capacitance due to fringing fields, the model is a good 
starting point for understanding the effect of 
electrostatic actuation on capacitance. Following the 
assumptions as mentioned in Ref. [7], and equating the 
applied electrostatic force with the mechanical 
restoring force due to the stiffness of the beam (F=kx), 
we find that 

 
1
2

, (4) 

 
where W and w are the dimensions in x and y 
directions, V is applied DC voltage, go is the initial gap 
or zero bias gap and g is the reduced gap as a function 
of applied voltage. This equation predicts the variation 
of gap (or capacitance) of proof mass plate as a 
function of applied voltage. The upper limit of V in 
this equation is pull down voltage of the membrane. 
This can be utilized to calculate the change of 
capacitance as function of V. This equation will be 
utilized to simulate the expected trends in CV as a 
function of g and k. 

Fig. 3 shows the effect of changing gap g on the 
capacitance for a fixed spring constant k of 10 N/m. It 
may be seen from this figure that C increases with 
increase in V till we reach near pull down voltage limit 
where C increases drastically because gap g reduces to 
infinitesimally small value e.g. for g=3 µm, C rises 
sharply because of approaching pull down voltage 
Vpd of 3 V. 

 
 

 
 

Fig. 3. Effect of varying gap g on the capacitance voltage 
characteristics for a given spring constant k. 

 
 

This figure shows the effect of V on C for a fixed 
k. Also, it can be seen from this figure as expected the 
base value of zero bias capacitance increases with 
decreasing gap. For the case under consideration this 
capacitance increases from 1.48 pF to 2.94 pF when 
the gap is decreased from 6 µm to 3 µm, however the 
curvature of the CV curve remains same. This 
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curvature is dependent on the spring constant of the 
structure. 

Fig. 4 shows the effect of changing spring constant 
on the CV for a fixed gap of 4 µm. As expected, it may 
be seen that as expected all the curves merge at the 
base value of the capacitance indicating that the gap is 
fixed thus yielding fixed capacitance at about 2.2 pF. 
However, as the spring constant increases, the pull 
down voltage indicated by the sharp increase in the C 
at the last value of V e.g. 1.5 V for k=1 N/m. This 
voltage changes from 1.48 V to 4.46 V as the k goes 
from 1 to 10 N/m. 

 
 

 
 

Fig. 4. Effect of varying spring constant k  
on the capacitance voltage characteristics for a given  

or fixed gap of the structure. 
 
 

These figures show the basic behavior of C as 
function of g or k. It is proposed and shown in this 
paper that using simple CV measurements, wherein 
voltage is varied up to pull down value and further 
beyond, one can determine that how many springs are 
at play during the actuation of the structure by using 
Equation (4). We have used this methodology, for 
extraction of different spring constants in our structure 
as will be shown in the next section. 
 
 
3. Fabrication Process 

 
The microaccelerometer structure was realized 

using a three mask dissolved wafer process (DWP) as 
discussed elsewhere in our earlier paper Ref. [8]. 
Briefly the structure consists of 12 μm thick boron 
doped silicon inertial proof–mass suspended over a 
glass pit that was created in 7740 Pyrex glass substrate 
using wet etching. A bottom plate capacitor contact 
was made of Ti plus Gold that was deposited and 
patterned. The depth of cavity is about  
4-5 microns. Further, in the Silicon wafer deep boron 
diffusion was carried out at 1175 oC to achieve boron 
doping ~ 1×1020 atoms/cc over a depth of 12 μm. This 
heavily boron doping acts as etch stop layer during the 
final stages of DWP process in chemical etchant. The 
devices were fabricated using 6-inch wafer process. 
Before dicing of the individual dies, the devices were 

probed for CV measurements. The actual structures of 
Crab type microaccelerometers were successfully 
realized using above process. Fig. 5 shows the SEM 
picture of crab type structure. The pictures clearly 
showed the released and hanging structures as 
expected.  

 
 

 
 

Fig. 5. SEM pictures of crab type  
microaccelerometer structure. 

 
 

4. Capacitance Voltage (CV) 
Measurements 
 
The capacitance voltage measurement was done at 

wafer level using Kithely Semiconductor Parametric 
Analyzer 4200 model. Fig. 6 shows the typical 
photograph of the fabricated wafer diced into two parts 
that was later diced into two parts (subsequently 
individual chips) after the CV mapping was 
completed.  

 
 

 
 

Fig. 6. Photograph of a typical wafer showing multiple 
crab type micro accelerometer structures on the semi diced 

wafer that are probed for CV measurement. 
 
 

This measurement was further used to verify the 
deflection or immovability of structures. It can also be 
used to check whether the structure is properly 
released or not. If the structure is released properly, 
then it will move down with increasing actuation 
voltage which will result in continuously increasing 
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capacitance because of reducing gap till actuation 
voltage. This is particularly easy to verify in Crab type 
of structure as will be shown in next sections. 

 
 

5. Results and Discussions 
 
Most of the measured devices showed shallow  

U-type CV characteristics indicating that the 
structures are properly released and the devices are 
responding to change in actuation voltage as per 
theoretical predictions of Fig. 3 and Fig. 4. However, 
there is evidence of change in gap, spring constant and 
stress in the proof mass from device to device across 
the wafer. The change in gap results in vertical shift of 
zero bias capacitance, change in spring constants 
results in change of curvature in CV curve i.e. small k 
leads to low pull down voltages and sharp change in 
capacitances and vice versa. Furthermore, there are 
slight differences in actuation forces in +ve and –ve 
cycles of the voltages resulting in non-symmetrical 
CV. This type of behavior is evident in device nos. 23, 
8 and 15 because the non-symmetry in CV curves in 
maximum in these devices. In rest of the devices, this 
non-symmetry was negligible. This is attributed to 
association or joining together of proof mass with air 
(conjunct air) and some form of dielectric charging 
non-uniformities effect seen in many MEMS 
capacitors that lead to non-symmetry in CV curves as 
discussed in Ref. [16]. However, how exactly it is 
affecting in our case is not understood clearly at 
present.  

Next we found that there is a variation among the 
fabricated devices across the wafer. There were about 
13 types of different varying CV curves that we found 
in our devices that are shown in Fig. 7.  

 
 

 
 

Fig. 7. Results of CV measurements for 13 
microaccelrometer devices having different behavior and 

depicting the complete range of variations observed  
in our devices. 

 
 

These different types are further categorized into 
three major types viz. Type I, Type II and Type III as 
will be discussed subsequently. It may be seen from 
this figure that zero bias capacitance varies from 

1.89 pF to 3.17 pF indicating that our process needs to 
control the variation of released gap in these devices. 
Secondly there is strong evidence of variation in 
curvature and number of shoulder in these CV curves 
from device to device. This indicates that we have a 
variation in spring constants from device to device  
as well. 

The most important finding is that there can be 
more than one shoulder in CV curves near the pull 
down voltage in both +ve and –ve directions of voltage 
as can be seen from the sample 8 in Fig. 7. For the case 
of +ve voltage cycle, we can see from this sample that 
these shoulders in CV are evident and the onset 
voltages are 3.4 and 3.45 V respectively. This 
indicates that another spring constant comes in play 
beyond this voltage which controls the further 
reduction of the gap and hence the increase in 
capacitance. We have utilized these shoulder positions 
for estimating the multiple spring constants that come 
into play while the structure is pulled down by 
actuation voltage. This behavior will be analyzed 
further for extraction of spring constants in detail by 
fitting the experimental data to theory. For example, 
we can see from this figure that within a CV 
measurement range of 0-5 V we have only one 
shoulder with onset at 1.46 V for sample 21 and at  
4.20 V for sample 23. Next, we try to fit all different 
variants of CV curves covering minimum to maximum 
range of capacitance and shoulders in our case. The 
samples covering the said range are 8, 11, 12 and  
23 and will be analyzed further for detailed for 
parameter extraction. Rest of the devices in terms of 
their capacitances and number of spring constants that 
come into play along with their values lie within the 
measured range of these devices.  

Type I devices: Fig. 8(a) and Fig. 8(b), show that 
for both the device numbers of 1 and 11, there is 
minimum change in capacitance of 0.02 pF from 0 to 
5 V, although their zero bias capacitance C0 as well as 
Cmax at 5 V is different for both the devices.  

 
 

 
 

Fig. 8 (a). The fitting of experimental data for typical CV 
curves of Type I devices showing no shoulders or evidence 

of pull down voltage for V<5 Volts. This is the case of 
minimum change in zero bias capacitance with low g  

and high k. 
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Fig. 8 (b). The fitting of experimental data for the typical 
CV curves of Type I devices showing no shoulders or 

evidence of pull down voltage for V<5 Volts. This is the 
case of minimum change in zero bias capacitance with 

moderate g but high k. 
 
 

The capacitance values for 5 V are 2.24 and 
1.89 pF respectively. This indicates that gap and 
spring constants are different for both of these devices. 
Further, there is no evidence of single or double 
shoulder within the measurement range of 0 to 5 V. 
However they both show similar change of 0.02 pF in 
capacitance values. Actual fitting of experimental data 
shows a value of k=180 N/m for device 1 and 180 N/m 
for device 11. This suggests that both these curves will 
behave differently when subjected to same 
acceleration although their observed curvature in CV 
curves is similar. 

Fig. 8 (c) for the device 13 shows the similar 
behavior as in Fig. 8 (a) and Fig. 8 (b), however it 
shows the highest change in capacitance of 0.34 pF 
from 0 to 5 V out of the lot wherein also there  
is no evidence of single or double shoulder. The zero 
bias gap capacitance and spring constant  
estimated from fitting in this device are 3.8 pF and  
22 N/m respectively. 

 
 

 
 

Fig. 8 (c). The fitting of experimental data for the typical 
CV curves of Type I devices showing no shoulders or 

evidence of pull down voltage for V<5 Volts.  
This is the case of with high g but low k. 

Type II devices: Fig. 9 for device 23 shows the 
different behavior compared to device 1, 11 or 13 in 
the sense that it shows the evidence of an additional 
capacitance in parallel to the original capacitance as 
evidenced by one shoulder near pull down voltage 
Vpd1 of 4.21 to 4.40 V. The value of zero bias 
capacitances for these two cases are 2.55 and 4.54 pF 
respectively as extracted by fitting of experimental 
data to theory. Similarly the extracted values for g for 
these capacitances are 3.14 and 1.95 µm respectively.  

 
 

 
 

Fig. 9. The fitting of experimental data for the typical CV 
curves of Type II devices showing one shoulders and one 

pull down Vpd1 ~ 4.21 volts. 
 
 

Further, the extracted values for k for current  
Type II and later Type III have been normalized for 
full area of the membrane and are of 14 and 230 N/m 
respectively. However, the spring constant density Kn 
per unit area has also been given in the summary Table 
1 for all the devices. A possible physical model that 
explains all the observations in totality will be 
proposed after discussing the results of another trend 
observed in devices 8 and 21. 

Type III devices: Fig. 10 (a) and Fig. 10 (b) 
showing the results for the devices 8 and 21 exhibit 
even further different behavior compared to Fig. 9 for 
sample 23 in the sense that we see two additional 
capacitances acting in parallel to original capacitances 
as is evident by two shoulders near pull down voltages 
of Vpd1 and Vpd2 shown in these figures. These 
capacitances are having different spring constants as 
can be clearly seen from the different curvatures in 
three different regions of CV. The transitions of pull 
down voltages viz. Vpd1 and Vpd2 are clearly 
resolved and very sharp. For the case of device 8, the 
values of gas extracted by parameter fitting of 
experimental data are 3.85, 3.10 and 2.0 µm 
respectively. Similarly, the extracted values of k are 
6.5, 21 and 68 N/m respectively. Incidentally, this 
device shows the highest change in capacitance i.e. C 
of 1.08 pF for a V of 3.4 Volts of the lot. This 
corroborated by its corresponding lowest value of 
k=6.5 N/m out of the lot. The values of onset values 
pull down voltages viz. Vpd1 and Vpd2 are 3.40 and 
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4.10 respectively. The results of device 21 Fig. 10(b) 
shows the similar trends as that of device 8 except the 
fact that shoulders in CV curve are merged unlike in 
device 8 and C in this case ranges from 0.02 to  

0.03 pF. Further, the values Vpd1 and Vpd2 in this 
case are 1.40 and 2.0 V respectively and are also lower 
compared to values of device 8.  

 
 
 

Table 1. The summary of the measured and extracted parameters for all the different devices. 
 

Sample 
No. 

Type 
g 

(µm) 
k 

(N/m) 
kn 

(N/m3)
C0 

(pF) 
Cmax 
(pF) 

Cmin 
(pF) 

C 

(pF) 
Vpd1 
(V) 

Vpd2 
(V) 

1 Type I 
Single C, No 

shoulder (Vpd) in 
CV 

3.95 180 180e6 2.24 2.26 2.24 0.02 - -
11 4.66 100 100e6 1.89 1.91 1.89 0.02 - -

13 3.8 22 22e6 2.32 2.66 2.32 0.34 - - 

23 

Type II 
Two C’s in parallel, 

One shoulder (Vpd1) 
in CV 

3.40 14 14e6 2.55 3.27 2.55 0.72 
4.21 to 

4.40 
- 

1.95 230 230e6 4.54 4.91 4.54 0.37 

8 Type III 
Three C’s in parallel, 

Two shoulders  
(Vpd1 & Vpd2)  

in CV 

3.85 6.5 6.5e6 2.32 3.40 2.32 1.08 
3.4 to 

3.5 

4.10 
to 

4.22 
3.10 21 21e6 2.85 3.47 2.85 0.62 
2.50 68 68e6 3.54 3.90 3.54 0.36 

21 
2.80 45 45e6 3.16 3.19 3.16 0.03 

1.40 2.0 2.78 150 150e6 3.18 3.20 3.18 0.02 
2.76 650 650e6 3.20 3.22 3.20 0.02 

 
 

 
 

Fig. 10 (a). The fitting of experimental data for the typical 
CV curves of Type III devices showing two shoulders and 

two pull down voltages Vpd1 and Vpd2 of ~ 3.40 and 
4.10 volts and having well defined shoulders. 

 
 

 
 

Fig. 10 (b). The fitting of experimental data for the typical 
CV curves of Type III devices showing two shoulders and 

two pull down volts Vpd1 and Vpd2 ~ 1.4 and 2.0 volts 
and having merged shoulders. 

It may be recalled here that Vpd values are 
dependent on both g and k and hence difficult to isolate 
the reason for their variation. 

The summary of the measured and extracted 
parameters for all the different devices are given in 
Table 1. About 30 functional devices were measured 
from the same batch (under consideration here) and 
majority of them showed similar to Type I behavior as 
mentioned in Table 1 i.e. single type C observed 
within V<5 Volts, No shoulder or pull down (Vpd) 
was observed in their CV curves for V<= 5 volts. It 
may be stressed and mentioned here that Type I 
devices will show Type II or even Type III behavior if 
voltage measurement range is extended much beyond 
to 5 V. Since, our interest and targeted values of Vpd 
was ~5 V, no detailed measurements and analysis was 
carried out for V> 5 Volts.  

Table 1 also shows that across the whole wafer, C0 
varies from 1.89 to 4.54 pF i.e. by a factor of 2.4. 
Initial gap g varies from 1.95 to 4.66 µm i.e. a factor 
of 2.38. Similarly, spring constant k corresponding to 
legs of main structure varies from 21 to 650 N/m i.e. 
by a factor of 30.95. This variation is largest out of all 
the variables. This is expected because this value is 
highly sensitive to dimensional control in 
photolithography and etching. This variation in k and 
g lead to variations in first pull down voltage Vpd from 
1.40 to 4.21 V i.e. by a factor of 3. Furthermore, k 
varies by more than a factor of 10 within Type III 
devices.  

Next, we try to propose a simple physical model 
which explains our experimental observations. Fig. 11 
shows the proof mass of crab structure acting as a top 
plate of parallel capacitor based physical model which 
explains our experimental observations. Initially for 
low values of actuation voltages, the whole of top plate 
of the capacitor, barring four edges which are tied by 
the legs of the structure, moves down resulting in 
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reducing gap and hence increasing capacitance. This 
movement of the structure is controlled by the spring 
constant k1 and the gap g1 as shown in this figure.  

 
 

 
 

Fig. 11. Proposed physical model with three spring 
constants and gaps for working of Crab type 

microaccelrometer under application of actuation voltage 
resulting in observed CV curves. 

 
 

This continues till we reach the near the onset of 
pull down voltage of the structure as evidenced by the 
first shoulder of the CV curve (Fig. 9, Fig. 10(a) and 
Fig. 10(b). Earlier such shoulders in CV curves were 
observed by Venkatesh, et al. [5] in variable gap 
varactors. Next, once the voltage is increased further, 
the edges that were not responding to this voltage so 
far because of higher gap will start responding and 
contribute its capacitance that acts in parallel to the 
main plate. Hence the overall capacitance increases as 
evidenced by shoulders in CV curves. However, the 
magnitude of this capacitance is dependent on spring 
constant k2 in addition to the gap g2 as shown in Fig. 
11. Therefore, the capacitance continues to increase 
again but this time it is controlled by k2 i.e. spring 
constant of the right angled leg connected to the edge 
of the plate & g2 i.e. gap closer to the inner region of 
the capacitor plate edge having gap g1. This is clearly 
evident by another branch in CV i.e. in Type II 
devices. It is difficult to pin point the demarcation of 
regions of the k’s and g’s. In practice, the variation in 
k and g will be continuously graded. Similarly, for 
Type III devices, another capacitance adds its 
contribution in parallel evidenced by (device 12) third 
branch of capacitance. However, this is controlled by 
gap g3 i.e. right near the edge and spring constant k3 
i.e. of the main plate. As expected from the geometry 
of the structure we have k3>k2>k1 and g1<g2<g3. 
These observations are supported by the extracted 
parameters as shown in Table 1. In short spring 
constant increases as we approach from outer spring 
(i.e. legs) to inner spring (i.e. main capacitor plates) 
and gap increases in opposite direction i.e. from inner 
capacitor plate to outer capacitor legs/arms. These 
proposed trends in CV measurements of MEMS 

capacitors have been reported in literature although in 
different context. Such shoulders [8, 14-15] have been 
observed by many workers in the field. Particularly, in 
Ref. [15] double shoulder was observed in CV 
measurements. In short, we have shown that one can 
measure the different spring constants of the Crab type 
micro accelerometer by using simple CV 
measurements and extract different actuation voltages, 
gaps and spring constants from these measurements. 
Further, these parameters should be used by the 
designers of accelerometers while modeling dynamic 
behavior of these structures for different values of g 
under consideration. It is clear that it is not one single 
k that comes in to play, rather it is dependent of values 
of g under consideration. Higher the g, more the 
structure gets pulled down and possibly the 
contribution from the edges cannot be neglected. 
Particularly this effect has more importance MEMS 
varactors as discussed by Venkatesh, et al. [5]. Here 
the gap is totally controlled by the actuation voltage. 

 
 

6. Conclusions 
 

In brief, using the CV measurements, an analytical 
approach based on fitting of different branches of CV 
curves is utilized for extraction of gaps, spring 
constants, pull down voltage parameters for MEMS 
Crab type accelerometers. The measured trends of our 
results compare well with measurements of other 
MEMS devices like varactors, RF switches etc. The 
method is routinely used in our laboratory for 
characterization of MEMS sensors in our laboratory. 
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