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General Filtering
FIR (Finite Impulse Response) no feedback, zeros only in the transfer function.
IIR (Infinite Impulse Response), has feedback, realizes poles and zeros, also called recursive filter.

Early filters used Delay Lines using S&H, BBD or CCD (sample and holds, Bucket Brigade devices
or charge coupled devices). S.C. filters instead store charge in opamp feedback capacitors.
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power spectral density (psd) is S;(f) in H - and voltage spectrum is ¥£12 ”"“s = +/psd

for voltage, if total rms voltage v has been measured over Af = f2 - f1 then to convert to a
density, divide v by v/Af which is equivalent to normalizing it to +/1 Hz.

Resistor Noise The single-sided spectrum for white noise or thermal noise in a resistor is given by
S = 4kTR volts?/Hz where k is Boltzmann’s constant, T is in Kelvin; 4kT = 1.66 x 1022 joules
at room temperature.

Noise Through System
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Noise in MOSFETS L
For thermal noise - insert a thermal noise source in series with the gate with psd of S;; = & kTA f

For flicker or 1/f noise, the gate psd is S;y = CZT’PI’?L

-for opamp calculate the output referred noise due to each transistor, divide by the open-loop
gain to refer to the input. Note: noise close to the input is more important as it experiences more
gain to the output. The result for the input referred thermal noise of a current mirror opamp is:
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I o gm1 Hz input and the current mirror transistors respectively.

To minimize noise: for thermal noise, need input pair with large g, or W/L, for 1/f noise, input
pair needs large product of W and L.

-To find signal-to-noise ratio (SNR) find ratio of maximum signal at the output to RMS noise at
the output.
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