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The goal of this session is to implement and to simulate the accelerometer operating in closed
loop and achieving a sigma-delta modulation of the signal.

1 An accelerometer with digital output: a sigma-delta mod-

ulator

After having implemented a PI filter and a sample and hold, we need to close the loop in order to
generate the voltages applied to the actuators, which will generate the feedback force.

Using of a sigma-delta modulator has two advantages comparing to an analog continuous signal
or PWM closed loop:

– Reduction of harmonics related to PWM modulation : in a Sigma-Delta modulator, the
quantisation error is a noise and not a periodic signal, its energy is distributed over wide frequency
range, and if a narrow band is considered, a larger signal to noise ratio can be obtained.

– The output is a digital signal compatible with standard techniques of digital signal processing.
– The feedback of the sigma-delta actuator is a two-valued function (±1), so, we are not sensitive

to the nonlinearities of the actuators (note, that the force generated by capacitive transducers is
proportional to the square of the voltage).

The architecture of the system is given in fig. fig. 1.
Starting from the cells you already implemented (the readout circuit, the PI filter and the

sample-and-hold), complete the schematic so to implement the sigma-delta loop. The remaining
blocks which you need to add are the 1 bit digital-to-analog converters (a simple comparator that
you can find in the ahdlLib library, cell comparator) and digital inverters (cell nand gate).

For the PI filter, you need to set up the coefficients values to Kp=10, Ki=0.1 s−1. Take the 1 pF
value for the sampling capacitance of the integrator, and 30 volts for Vfb voltage (cf. schematic).

To be done: Model the system with, at the input, a source of sinusoidal acceleration, of 10 ms−1

amplitude and 100 Hz frequency. For this simulation, compute the FFT (Fast Fourier Transform)
of the sigma-delta signal output and highlight the noise shaping specific to a sigma delta loop. For
that, you needs to use the cell ”a2d” provided by the instructor, which allows a saving of the output
digital sequence into a file. Then, the digital sequence can be directly analyzed with Matlab.
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