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CLAIMS 

 

1. A delta sigma modulator for generating a digital output voltage, the modulator comprising: 

a capacitance-to-voltage converter for converting a sensed continuous-in-time 

applied capacitance signal to a delta analog output voltage signal, the converter 

comprising: 

an amplifier having a first input, a second input, and an output; 

a feedback capacitor with a first end coupled to the first input of the 

amplifier, and a second end coupled to the output; 

a sensor element with a first end coupled to the first input of the amplifier, 

and a second end for coupling to a first reference voltage, the sensor element 

for sensing an external input to generate the continuous-in-time applied 

capacitance signal; 

a reference capacitor with a first end coupled to the first input of the 

amplifier, and a second end for coupling to a second reference voltage, the 

reference capacitor having a reference capacitance; 

a switch capacitor arrangement with a first end coupled to the first input of 

the amplifier, and a second end, the switch capacitor arrangement 

configured to have a charge capacitance based on an analog charging 

voltage; and 

a switching mechanism configured to switch the second end of the switch 

capacitor arrangement, between the second end of the sensor element so that 

the switch capacitor arrangement is in parallel connection with the sensor 

element, and the second end of the reference capacitor so that the switch 

capacitor arrangement is in parallel connection with the reference capacitor, 

wherein the switching is based on the charge capacitance relative to the 

applied capacitance signal and the reference capacitance, and wherein the 

switching adjusts a first voltage signal at the first input of the amplifier 

relative to a second voltage signal at the second input of the amplifier, 
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thereby adjusting the delta analog output voltage signal generated at the 

output; 

an integrator circuit arrangement connected to the capacitance-to-voltage 

converter, the integrator circuit arrangement configured to generate an analog 

output voltage signal based on the delta analog output voltage signal;  

a quantizer circuit arrangement configured to generate the digital output signal 

based on the analog output voltage signal; and 

a voltage digital-to-analog converter configured to generate the analog charging 

voltage based on the digital output signal, thereby generating the delta analog 

output voltage signal based on the digital output signal. 

 

2. The delta sigma modulator according to claim 1,  

wherein the second input of the amplifier is configured to receive a common mode 

voltage. 

 

3. The delta sigma modulator according to claim 1,  

wherein the capacitance-to-voltage converter comprises:  

a further feedback capacitor with a first end coupled to the second input and 

a second end coupled to the output; 

a further sensor element with a first end coupled to the second input of the 

amplifier, and a second end for coupling to the first reference voltage, the 

further sensor element for sensing the external input to generate a further 

applied capacitance signal; 

a further reference capacitor with a first end coupled to the second input of 

the amplifier, and a second end for coupling to the second reference voltage, 

the further reference capacitor having the reference capacitance; 

a further switch capacitor arrangement with a first end coupled to the second 

input of the amplifier, and a second end, the further switch capacitor 

arrangement configured to have a further charge capacitance based on a 

further analog charging voltage; and 
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a further switching mechanism configured to switch the second end of the 

further switch capacitor arrangement, between the second end of the further 

sensor element so that the further switch capacitor arrangement is in parallel 

connection with the further sensor element, and the second end of the further 

reference capacitor so that the further switch capacitor arrangement is in 

parallel connection with the further reference capacitor, wherein the 

switching is based on the further charge capacitance relative to the further 

applied capacitance signal and the reference capacitance, and wherein the 

switching adjusts the second voltage signal at the second input of the 

amplifier. 

 

4. The delta sigma modulator according to claim 1, further comprising: 

  a resistor connected in parallel to the feedback capacitor; 

  wherein the resistance of the resistor is at least 1 giga-ohm. 

   

5. The delta sigma modulator according to claim 1, 

  wherein the amplifier is a fully differential amplifier; and  

wherein the output of the amplifier comprises a first output end and a second output 

end. 

 

6. The delta sigma modulator according to claim 5, 

wherein the second end of the feedback capacitor is coupled to the first output end. 

 

7. The delta sigma modulator according to claim 5, further comprising  

a further feedback capacitor with a first end coupled to the second input of the 

amplifier and a second end coupled to the second output end. 

 

8. The delta sigma modulator according to claim 7, further comprising: 

  a further resistor connected in parallel to the further feedback capacitor; 

  wherein the resistance of the further resistor is at least 1 giga-ohm. 
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9. The delta sigma modulator according to claim 7, further comprising: 

a first step-up input chopper connected to the second end of the sensor element; and 

a second step-up input chopper connected to the second end of the reference 

capacitor; 

wherein the first step-up input chopper and the second step-up input chopper are 

configured to increase a frequency of the first voltage signal and a frequency of the 

second voltage signal. 

 

10. The delta sigma modulator according to claim 7, further comprising: 

an output step-down chopper connected to the first output end and the second output 

end of the fully differential amplifier; 

wherein the output step-down chopper is configured to decrease a frequency of the 

delta analog output voltage signal. 

 

11. The delta sigma modulator according to claim 1, 

wherein the integrator circuit arrangement comprises a first integrator stage and a 

second integrator stage; and 

wherein the delta sigma modulator further comprises a current digital-to-analog 

converter configured to generate an analog current based on the digital output 

signal, the analog current signal for input to the second integrator stage. 

 

12. The delta sigma modulator according to claim 11, 

  wherein the first integrator stage comprises an operational amplifier; and 

wherein the second integrator stage comprises a voltage controlled oscillator. 

 

13. The delta sigma modulator according to claim 1, further comprising: 

a coarse voltage digital-to-analog converter for calibration of a baseline voltage; 
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wherein the coarse voltage digital-to-analog converter and the voltage digital-to-

analog-converter are configured to generate the analog charging voltage based on 

the digital output signal. 

 

14. The delta sigma modulator according to claim 1, 

  wherein the switch capacitor arrangement comprises one capacitor. 

 

15. The delta sigma modulator according to claim 1, 

wherein the switch capacitor arrangement comprises a plurality of capacitors 

connected in parallel to one another. 

 

16. The delta sigma modulator according to claim 15, 

wherein the switching mechanism is configured to connect the second ends 

of a first number of capacitors of the plurality of capacitors with the second 

end of the sensor element, and further configured to connect the second ends 

of a second number of capacitors of the plurality of capacitors to the 

reference capacitor, wherein the first number and the second number are 

based on the charge capacitance relative to the applied capacitance signal 

and the reference capacitance. 

 

17. A method of generating a digital output voltage, the method comprising: 

converting a sensed continuous-in-time applied capacitance signal to a delta analog 

output voltage signal using a capacitance-to-voltage converter, the converter 

comprising: 

an amplifier having a first input, a second input, and an output; 

a feedback capacitor with a first end coupled to the first input of the 

amplifier, and a second end coupled to the output; 

a sensor element with a first end coupled to the first input of the amplifier, 

and a second end for coupling to a first reference voltage, the sensor element 
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for sensing an external input to generate the continuous-in-time applied 

capacitance signal; 

a reference capacitor with a first end coupled to the first input of the 

amplifier, and a second end for coupling to a second reference voltage, the 

reference capacitor having a reference capacitance; 

a switch capacitor arrangement with a first end coupled to the first input of 

the amplifier, and a second end, the switch capacitor arrangement 

configured to have a charge capacitance based on an analog charging 

voltage; and 

a switching mechanism configured to switch the second end of the switch 

capacitor arrangement, between the second end of the sensor element so that 

the switch capacitor arrangement is in parallel connection with the sensor 

element, and the second end of the reference capacitor so that the switch 

capacitor arrangement is in parallel connection with the reference capacitor, 

wherein the switching is based on the charge capacitance relative to the 

applied capacitance signal and the reference capacitance, and wherein the 

switching adjusts a first voltage signal at the first input of the amplifier 

relative to a second voltage signal at the second input of the amplifier, 

thereby adjusting the delta analog output voltage signal generated at the 

output; 

generating an analog output voltage signal based on the delta analog output voltage 

signal using an integrator circuit arrangement connected to the capacitance-to-

voltage converter; and  

generating the digital output signal based on the analog output voltage signal using 

a quantizer circuit arrangement;  

wherein the analog charging voltage is generated based on the digital output signal 

using a voltage digital-to-analog converter, thereby generating the delta analog 

output voltage signal based on the digital output signal. 

 

18. The method according to claim 17,  
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wherein the sensor element is configured to generate the continuous-in-time applied 

capacitance signal based on a parameter of interest. 

 

19. The method according to claim 17, further comprising:  

determining a baseline voltage based on a coarse voltage digital-to-analog 

converter during calibration.  

 

20. The method according to claim 19, 

wherein the analog charging voltage is further based on the base-line voltage 

generated by the coarse voltage digital-to-analog converter. 

 


