
International Journal of Computer Applications (0975 – 8887) 

Volume 36– No.5, December 2011 

1 

Current-Mode Interface Circuit for Differential Capacitive 

Sensor  

Ghasem Shahrivar 
Department of Elec.Eng 

Islamic Azad 
University,Bushehr Branch 

Bushehr,Iran 

Hamidreza Dalili oskoie 
Department of Elec.Eng 

Shahid Satari University,Tehran 
Branch 

Tehran,Iran 

 

Ayat Akbari 
Technical And Vocational 

University 

Bushehr Branch 

Bushehr,Iran 

 

ABSTRACT 

This paper presents a capacitive sensor of current-mode where 

differential capacitors are used .For its design ,we use analog 

blocks such as current source and differential amplifier .By 

changing the value of differential capacitors,the output of the 

sensor becomes more linear wich leads to enhancing the 

precision of the sensor. This circuit is designed and simulated 

by HSPICE software in 0.18 µm CMOS process.  
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1. INTRODUCTION 
Capacitive sensors are widely used in producing variety 

sensors[1].Capacitive sensors have different usages in the 

MEMS and micro sensors[2].Decreasing the dimension of 

these sensors leads to the increase of request .Capacitors are 

employed as detectors of different changes such as pressure , 

acceleration and level of liquids in the storages.There are 

different techniques for making capacitive sensors and also 

different interface circuits that require excitation oscillator 

[3],[4].Some of other interface circuits have complicated and 

expanded structures, and designing them will be difficult 

because of the use so much NMOS switches [6].Another kind 

of interface circuit,in capacitive sensor is the current mode 

interface circuit which has a simpler circuit than other 

interface circuits of sensors. In this circuit ,excitation 

oscillator has not been used , but its output has a non linear 

character toward the changes of sensor capacitor[7]. By 

employing the structure of differential capacitors instead of 

one variable capacitor ,not only do we reach a simple circuit 

but also we over-come the non linear effects of sensors, and 

we will have a full linear character by sensor.   

2. Description of Proposed Circuit   

2.1 Differential Capacitors  
Differential capacitors include dual slope capacitors which are 

 

Fig 1:differential capacitors 

used for presser detecting, displacement, acceleration and 

angular variations. The equal circuit is shown in fig 1.  Ca and 

Cb are two capacitors which are complements in measurement 

. For example , in measuring turning angle ,Ca and Cb will 

change in linear status , and there X shows the value  

Ca,b =
C0

2
 1 ± X                             (1) 

of angle changes . Experssion 1 shows these changes or in the 

pressure transformators , Ca and Cb have hyperbolic changes 

so  

Ca,b =
C0

2

1

(1 ± 𝑋)
                               (2) 

that their relation with applied pressure is shown in expression 

2  

X=      
𝐶𝑎−𝐶𝑏

𝐶𝑎+𝐶𝑏
                                             (3) 

or in both cases we can define measured value of X as a 

separate and fractional function . Besides the variable linear 

measuring , we can omit the common-mode , too.  

2.2 Proposed Circuit 
If we put the structure of differential capacitor in front a 

current source , as it is shown in fig2 , the current will pass  

equally through the capacitors . In the linear-mode increasing 

or  

𝐼1 = 𝐶𝑎
𝑑𝑣1

𝑑𝑡
=

𝐼𝐵

2
+

𝑖

2
                                 (4) 

 

Fig 2:Differential capacitor front current source 

𝐼2 = 𝐶𝑏
𝑑𝑣1

𝑑𝑡
=

𝐼𝐵

2
−

𝑖

2
                           (5) 

𝐼1 + 𝐼2= 𝐶𝑎+𝐶𝑏 
𝑑𝑣1

𝑑𝑡
= 𝐼𝐵                      6  

𝐼1 − 𝐼2 =  𝐶𝑎 − 𝐶𝑏 
𝑑𝑣1

𝑑𝑡
= 𝑖                    7     
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𝐼𝐵

𝐶𝑎+𝐶𝑏
=

𝑑𝑣1

𝑑𝑡
                                      (8) 

decreasing the value of the capacitor leads to the decrease or 

increase of other capacitor , and this change in the value of 

capacitors causes the current deviation to happen in the half of 

the input current (if input current is Ib) inside each capacitors, 

Current 1 and 2 , that is shown as multiply charging current 

by  

𝐼1 − 𝐼2 =  𝐶𝑎 − 𝐶𝑏 
𝐼𝐵

𝐶𝑎+𝐶𝑏
= 𝑖     (9) 

X variation . So by measuring the value of  i current variation 

, X quantity measuring is achieved .   

2.3 Detection of Current Changes  
There are different methods for measuring current signal . 

Applying current transformator to voltage is one of the most  

 

a 

b 

Fig 4 :(a) OTA (b) frequency response 

common ways. We can do this by using TIA amplifier . TIA 

amplifier is produced by a completely differential OTA and 

feed back resistors   that shown with its frequency responses 

in fig 4 . Three NMOS switches are applied for discharging 

the circuit after each measuring cycle and preparing it for next 

cycle. Capacitor discharged with connecting V1 to ground 

.During all switches are closed and voltage V1 node connect 

to ground, during measuring time tm  all the switches are 

opened . Switches clock phase is shown in fig 5 . 

 

 

 

 

 

 

 

 Table 1 : nominal value and results 

 

 

 

 

Fig5:Switches clock phase 

The differential signal comes from differential capacitor 

produce a voltage in output by passing through the feed back  

𝑣𝑜𝑢𝑡 = 𝑣𝑜𝑝  −   𝑣𝑜𝑚   = 𝑅𝑓  𝑖 

= 𝑅𝑓  𝐼𝐵
(𝐶𝑎 − 𝐶𝑏)

(𝐶𝑎+𝐶𝑏)
              (10) 

resistor and this voltage is shown in equation 10. Circuit out 

put voltage is proportional to X parameter changes. Charge 

current in capacitors are prepared with mirror current circuit 

which has high output resistor . OTA amplifier has 90 db open 

loop gain ,490 KHz gain bandwidth and 80 degree phase 

margin , and with help of feed back resistor we can reach to 

TIA with 400KHz -3-db frequency . We set parallel capacitors 

and resistor for compensating and improvement the passing  

frequency response the value of parameter are shown in table 

1 , and a proposed circuit for improving performance of 

interface circuit is shown in fig 3 . 

 

Parameter   Value 

Ca+Cb 

Ca-Cb 

Value of feed back resistor 

Rf 

Charging current 𝐼𝑏  

Measurement uncertainty due 

to noise(simulated) 

Maximum non-linearity error 

relative full-scale swing 

Current consumption 

 

1PF 

0.6pf 

200 KΩ 

2.5µA 

1.13fF 

0.1٪ (no stray capacitance)  

0.4٪(with 0.25PF stray cap) 

145µA (without buffers) 
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Fig 3: proposed circuit 

3. SIMULATION 
The result of output voltage simulation in proposed interface 

circuit is shown in fig 6 . That is equal to parameter X 

changes. The variation of sensor capacitors takes place 

between -0.6pf to +0.6pf and makes the value of output 

voltage. Simulation was done by HSPICE software in 0.18 

µm CMOS process the interface sensor output is more 

linear.  

4. CONCULUSION 
This paper presents the designing and simulating of a current-

mode interface circuit for capacitive sensor .In this circuit by 

applying  differential capacitors we can prevent the nonlinear 

effects made from stable sensor capacitor and naturally get 

linear out put response. Becoming more linear,of out put 

voltage in front of measuring parameter changes causes 

dropping fault in sensors.As it is obvious in the 

expressions,the interface sensor output circuit is more linear 

and this is because of omitting common-mode effect and 

noisy capacitors in differential composition. 

 

 

Fig 6 : simulation result 
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