EE 247B/ME 218: Introduction to MEMS Design
Lecture 26m: Noise & MDS

i Minimum Detectable Signal (MDS)

UC Berkeley

* Minimum Detectable Signal (MDS): Input signal level when
the signal-to-noise ratio (SNR) is equal to unity
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* The sensor scale factor is governed by the sensor type

* The effect of noise is best determined via analysis of the
equivalent circuit for the system
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o Example: TransR Amplifier Noise

UC Berkeley

Input-referred current noise:
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= Move Noise Sources to a Common Point
UC Berkeley

* Move noise sources so that all sum at the input to the
amplifier circuit (i.e., at the output of the sense element)

* Then, can compare the output of the sensed signal directly
to the noise at this node to get the MDS
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« Example: TransR Amplifier Noise (cont)

UC Berkeley
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—\_J—_—] . Input-referred voltage noise:
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= Example: TransR Amplifier Noise (cont)
" UG Berkeley
* To summarize, for a transresistance amplifier, the
equivalent input-referred current and voltage noise
generators are given by:
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= Noiseless

* The gyro sense presents a large effective source impedance
% Currents are the important variable: voltages are
“opened” out
© Must compare i, with the total current noise i, ror going
into the amplifier circuit
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Back to Gyro Noise & MDS
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~.  Example: Gyro MDS Calculation (cont)

UC Berkeley
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= Noiseless
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* First, find the rotation to i, transfer function:
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i Example: 6yro MDS Calculation (cont)

~UC Berkeley,
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~  Example: Gyro MDS Calculation (cont)
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~  Example: Gyro MDS Calculation (cont)
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* Now, find the i ror entering the amplifier input:
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ol LF356 Op Amp Data Sheet

me
- UC Berkeley,

LF155/LF156/LF256/LF257/LF355/LF356/LF357
JFET Input Operational Amplifiers

General Description = Logarithmic ampiifiers
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o Example ARW Calculation
UC Berkeley,

* Example Design:
& Sensor Element:

= (100pm)(100um)(20pm)(2300kg/m3) = 4.6x10-1%g

ws = 2n(15kHz)

= 2n(10kHZ)
k = osm = 4.09 N/m
xd = 20 Hm
Q, = 50,000 a
Vp = 5V iy 2 ! Electromes
h = 20 um 3 d e gi—
d=1yp

= : -
Electrodes i Drive
. | Electrode

% Sensmg Circuitry:

R = 100kQ S
i, = 0.01 pA/VHz
= 12 nV/JHz
Electrodes
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5i Example ARW Calculation (cont)
UC Berkeley,
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Example ARW Calculation (cont)
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5 What if o4 = o?
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