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Equivalent Input-Referred Voltage 
and Current Noise Sources
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Equivalent Input v, i Noise Generators

• Take a noisy 2-port network and represent it by a noiseless 
network with input v and i noise generators that generate 
the same total output noise

• Remarks:
1. Works for linear time-invariant networks
2. veq and ieq are generally correlated (since they are 

derived from the same sources)
3. In many practical circuits, one of veq and ieq dominates, 

which removes the need to address correlation
4. If correlation is important  easier to return to original 

network with internal noise sources
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a) To get      for a two-port:
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1) Short input, find      (or     )

2) For eq. network, short input, find      (or      )

3) Set              solve for        (or            ) 
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b) To get    for a 2-port: 2
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1) Open input, find     (or     )

2) Open input for eq. circuit, find      (or     )

3) Set                   solve for    (or               )
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Calculation of    and    (cont)2
eqv

2
eqi

•Once the equivalent input-referred noise generators are 
found, noise calculations become straightforward as long as 
the noise generators can be treated as uncorrelated
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Cases Where Correlation Is Not Important

RS
2
eqv

2
eqi Noiseless

2
eqi Current shorted out!

vS

1) RS = small (ideally = 0 for an ideal voltage source):

 For RS= small,      can be neglected  only      is important!
(Thus, we need not deal with correlation)

2
eqi

2
eqv

• There are two common cases where correlation can be 
ignored:
1. Source resistance Rs is smallsmall compared to input 

resistance Ri  i.e., voltage source input
2. Source resistance Rs is largelarge compared to input 

resistance Ri  i.e., current source input
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Cases Where Correlation Is Not Important
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eqvVoltage     effectively “opened” out!

2) RS = large  (Ideally =  for an ideal current source)

 For RS= large,      can be neglected! 

 only     is important!

(… and again, we need not deal with correlation)
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Example: TransR Amplifier Noise
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Input-referred current noise:
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Example: TransR Amplifier Noise (cont)
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Input-referred voltage noise:
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Example: TransR Amplifier Noise (cont)

0v
-

+

2
eqv

2
eqi

Rf

Noiseless

• To summarize, for a transresistance amplifier, the 
equivalent input-referred current and voltage noise 
generators are given by:
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Back to Gyro Noise & MDS
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Example: Gyro MDS Calculation

• The gyro sense presents a large effective source impedance 
Currents are the important variable; voltages are 

“opened” out
Must compare io with the total current noise ieqTOT going 

into the amplifier circuit
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Example: Gyro MDS Calculation (cont)

• First, find the rotation to io transfer function:
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Example: Gyro MDS Calculation (cont)
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Example: Gyro MDS Calculation (cont)

•Now, find the ieqTOT entering the amplifier input:

e:1
cxlx rx

Cp
Fc

0v
-

+

2

xr
f

2
eqv

2
eqi

Rfio

)2( 





dcc xmamF

Noiseless

sx

EEC247B/MEC218: Introduction to MEMS Design LecM 17 C. Nguyen  11/18/08  44

Example: Gyro MDS Calculation (cont)
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LF356 Op Amp Data Sheet



5

EE 247B/ME 218: Introduction to MEMS Design
Lecture 27m1: Noise & MDS

CTN 4/27/17

Copyright © 2017 Regents of the University of California

EEC247B/MEC218: Introduction to MEMS Design LecM 17 C. Nguyen  11/18/08  46

Example ARW Calculation

• Example Design:
Sensor Element:

m = (100m)(100m)(20m)(2300kg/m3) = 4.6x10-10kg
s = 2(15kHz)
d = 2(10kHz)
ks = s

2m = 4.09 N/m
xd = 20 m
Qs = 50,000
VP = 5V
h = 20 m
d = 1 m

Sensing Circuitry:
Rf = 100k
iia = 0.01 pA/√Hz
via = 12 nV/√Hz

Sense 
Electrodes

Tuning 
Electrodes

Sense 
Electrodes

Tuning 
Electrodes

Drive 
Electrode

z


Drive

Sense
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Example ARW Calculation (cont)
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Example ARW Calculation (cont)

EEC247B/MEC218: Introduction to MEMS Design LecM 17 C. Nguyen  11/18/08  49

What if d = s?


