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o Flicker (1/f) Noise Py Example: Typical Noise Numbers
UC Berkeley, UC Berkeley

* In general, associated w/ random trapping & release of * Hookup the circuit below and make some measurements
carriers from “slow” states

* Time constant associated with this process gives rise to a
noise signal w/ energy concentrated at low frequencies

* Often, get a mean-square noise spectral density that looks R
like this:
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& Example: Typical Noise Numbers 5
UC Berkeley UC Berkeley,
* Hookup the circuit below and make some measurements
) Measure w/ AC voltmeter
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P MEMS-Based Tuning Fork Gyroscope 5 Drive Axis Equivalent Circuit
~ UG Berkeley, “UC Berkeley,
fsu\u
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o [Zaman, Ayazi, et al, MEMS'06] ~ force is proportional or sy ° °
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o Drive-to-Sense Transfer Function o Gyro Readout Equivalent Circuit
" UG Berkeley UG Berkeley (for a single tine)
Drive/Sense Response Spectra: . 2.
Dri Noise Sources ——— [ e noie f/
rive s avi )
Response —_ —— sense Ny
[ Response
2 ;
X, =w,x, %
d dtd < T
Drive Mode ~Driven fo(@Ty e x, .t 'X
H 0
Q Velocity Rolafin Lrduced Cortt Force: c osacialed 09/
7 - — o o noie
T 20,50 R \ P awp nott
’x =wx der 204X SL ¢ AURIAS Corvoles fora, (6-“ pomlelplole = (€quintont input neie rafns)
A \ svs =2 AC“S n ‘KGJEWQ mg’q A'MO,\ N\ l) VAN ——ng‘j
Jense . eas o " .
A= 2004 SLSMH° Gyro Sense Element 4o, Signal Conditioning Circuit
Sense 52 "«i : Output Circuit eck (Transresistance Amplifier)
* Easiest to analyze if all noise sources are summed at a
Sense Mode common node
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* Minimum Detectable Signal (MDS): Input signal level when

o Minimum Detectable Signal (MDS) ol

me

UC Berkeley,

Move Noise Sources to a Common Point

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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Equivalent Input-Referred Voltage
and Current Noise Sources
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* 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 fio amobyst # up 4o
n fotie %
co ,\Qu.f nok
Sensor (
Sensed Circuit
. o Scale —+)e y O Output
Signal Factor v Gain
Sensor Circuit Includes
Noise Input- desired
Referred output
Noise plus
Sensor noise
Signal Conditioning
Circuit
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~.  Equivalent Input v, i Noise Generators
UC Berkeley

* 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

O] j———0
:Z;’svl\)rlork Noiseless
o———— ( | —
A\
* Remarks:

1. Works for linear time-invariant networks

2. v, and i, are generally correlated (since they ar
derived from the same’ sources)

3. In many practical circuits, one of v,, and i,, 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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o Calculation of v and ;>
UC Berkeley, eq eq

) .

a) To get v:q for a two-port:

Case I . Case IT
vezq on Révike

In |—o
Noisy

Network Vor » Noiseless Vou
S5

——o0 e

A

1) Short input, find Véf (or 2, i) _
2) For eq. network, short input, find vOH (or lou)
Il Il

bz) rbz)

2 _ 2 2 2
3) Set v, =v,, — solve for v. (or i, —ZOH)

Az
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L Cases Where Correlation Is Not Important

me
UC Berkeley

* There are two common cases where correlation can be
ignored:
1. Source resistance R, is small compared to input
resistance R; — i.e., voltage source input
2. Source resistance R, is large compared to input
resistance R; — i.e., current source input

1) R = small (ideally = O for an ideal voltage source):

2 %

Rs
Y
DU
Vs () ifq Noiseless
] | IS

i7 Current shorted out!

. For Rg= small, l-ezq can be neglected - only v is important!

(T hus, we need not deal with correlation) =
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™ Calculation of v and 1 (con'r)
UC Berkeley
Re
— W =[—— |Neg=0
b) To get l‘:qfor a 2-port: "%? £ 00 {& ° (mwl 4
vi] )
— . o B .
m{vzvlgrk V§1 iezq D Noiseless Ve
in —° t——o

1) Open input, find E(cr g)

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

2 _ 2 (2] S .2 2 2 |2
3) Set Vo, =V, (leq) solve for iy (or iy, =iy, (leq ))
=

* 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

my
UC Berkeley

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

?r”RA' VT ¥ e[
e $’| r A,
is ® % R, f () g Noiseless
——o

Voltage qu effectively “opened” out! —

R,
o0 e vi — in ch — 0!
—_— oo+ Rin

2
ve‘] Rin

. For Rs= large, g can be neglected!
- only iezq is important!

(.. and again, we need not deal with correlation)

EEC247B/MEC218: Introduction to MEMS Design LecM 17 C. Nguyen 11/18/08 35

35



