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Lecture 27ml: Noise & MDS
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& Equivalent Input v, i Noise Generators
UG B e g "UGBerkelsy
* Take a noisy 2-port network and represent it by a noiseless

network with input v and i noise generators that generate

the same fofmise /E\Eﬁ/
T W,

N2 V:q
—] S
. Noisy :> 2 Noisel
Equivalent Input-Referred Voltage Network ke oiseless
. o—— ——o t——o0
and Current Noise Sources

* Remarks:
1. Works for linear time-invariant networks
2. v,q and i., are generally correlated (since they are
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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i Calculation of v and i i Calculation of v. and i (cont)
UCBerke ey ——— i —— UC)Berkeley
o QR N | I
To get v forat t: 2 : Vs G’»@“’
a) To ge v,, for a two-port: b) To get leqfor' a 2-port: w, &
Case I L Case IT 12
e o
Ye — — 11— °___
A ° =~ Noisy 2 .2 . 2
Noisy 2 N . - Network i Iy Noiseless Vou
Netyork Vor I Noiseless Vou —_— ———o t——o —
&m o — —_—

1) Short input, find v;, (or i) _ _ 1) Open input, find vy, (or ip;) e
2) For eq. network, short input, find v;, (or iy, ) 2) Open input for eq. circuit, find v, (or i;,)

1 Il 2 _ .2 |2 .2 2 2 (2
3) Set v, =v,, i) 2 solve for Iy (or iy, =iy, leg )

rbz) rbz)
* 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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2 _ 2 2 2 _ 2
3) Set v, =v;, — solve for v, (or ij =i, )
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.‘T. Cases Where Correlation Is Not Important
uw

B ——
* 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 R
R, Ve
—o
2 .
Vs [_/7\ I Noiseless

7 L —

i , Current shorted out!

. For Rg= small, can be neglected - only v is important!
(T hus, we need not” éeal with correlation)
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& Example: TransR Amplifier Noise
" UCBerkeley
M) .
] 2 Input-referred current noise:
AN J 0{»@1 inpulr; equele ovfpat voltase naie.
2 R, Cae l:
ia ) Vor = Ay Re e
= + 3 Wos® 4R
i R. 2
lla u v; i av vo] 4/;;} B 'V;'A\' [
c T — ! Wi ~/Th,'.r_i3/
ase ) 1 Howe M P iy gaint
= = 14'7 gan.
‘l’)W'l Rf'n”
— N - “m,z2  Ti.r =
Ve, R, gt hiafe 4 Ret 4y,
(@) 2
Oﬂ% + & Ca.rellt Mu A'e:t R¢
I v R; 2 —
eq : i av, oll . ;‘—zvci—i ""i, q{‘;:
Case IT (+) | " L T4 R;'
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o Cases Where Correlation Is Not Important
UGBerkele
2) Rs = large (Ideally = o for an ideal current source)
V2 ({‘
b —
is + %Rs f @l: Noiseless
————o0
Voltage \Zeffccﬁvely “opened” out! —
R
0 e~ —y=—="—y =0!
—_— 0+ Rin !
2
Veq Rin
. For Rg= large, g can be neglected!
- only i:q is important!
(.. and again, we need not deal with correlation)
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& Example: TransR Amplifier Noise (cont)

‘UCiBerkeley

—\_J—/—] 1_2 Input-referred voltage noise:
= / Short- inpuls; equate ovfput volhigs noite

Case 1:

Z . 2%
O Wi dga
2

Vo (8o G iF dre shockd od.)
1

= Caswe 1:
2 2 2
o * /lfeaa

I — —

O, ~|WNepy*

+ !
2
oll
)
L L
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% Example: TransR Amplifier Noise (cont) &
["UGBerkelsy T UG Bk
* To summarize, for a transresistance amplifier, the
equivalent input-referred current and voltage noise
generators are given by:
o N\
Ve, Ry
o—O - Back to Gyro Noise & MDS
i, OV
= +
= Noiseless
2
2 _ 2 2 Vi 2 _ 2
leg =la Tl + l; Veqg = Via
Ry
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i Example: Gyro MDS Calculation &  Example: 6yro MDS Calculation (cont)
B " UCBerkeley
N\ N\
Rf Rf
N n
OV OV
+ +
= Noiseless = Noiseless
* The gyro sense presents a large effective source impedance * First, find the rotation to i, transfer function:
% Currents are the important variable; voltages are - W@ . wQ -
“opened” out %s* ?@:(J‘*’a\ k- M |@(J"’¢)
% Must compare i, with the total current noise i, going =
: - o W qTOT <E- w
into the amplifier circuit \.FS ke 2“)"'951”‘1 / ¢
. W .
s (J .
X® 2 ai-@’)(d @(J 1) - St
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o  Example: Gyro MDS Calculation (cont)

UG Betkeley,
A;r']e'i, = 1%@«4%@1)‘04)‘5‘- -) 4;: AL
——————— . .

input—reered noie cunent enlorisg
He senre amplifier— in oM/ (A3

2 (&) [(W)iie]

When L St 2 MOS, Ao: 1‘91137

. /"eo[m" Apin = 52 = le 'r

\iﬁ@ Racdam Walk = ARW = 35 2, (]

S Earier b deferwine diroctimd
erme as a Hfmction of elaprad ime.
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ﬁ Example: Gyro MDS Calculation (cont)

UCBerkeley

Aegor A
i 2 \ R,

OV

1.

* Now, find the i ot entering the amplifier input:
o

l;ms “S"“.Ei — ch
Brownion mebn nolse of He

sense element — delermirod entitely by e noiR jn Ny— ¢F
S easiest 4o comert o an all dectricd equiv ckt.
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w2, 3N, o
l;'l'zif‘f'ﬁ"a'(‘-éa{ 'Fr
£ Af
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%  Example: Gyro MDS Calculation (cont)

UCBerkeley
—-—‘QEAmph‘R«Inpd‘
f feqmr

L Cor Rx _,

...- (L “T
=q1<m, ¢ Qin @of

T e Ly & W G %c,,ex na

" '('S "Afgx (.K(_‘\() @‘J"’d) 5 %"% € qk"t’f (K:)l@(swd)lz
= \ P ‘!ﬂ'[@(jwﬂ
Thus: & &

= o
\/@:@: ol s AT dia M2 )
) E}l@Q“a)/ + ‘*' “‘\ o (ef

Leam-b get e foan EE20.
S or jut get Homfom @ dlab S ..
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General Description

Thase are the first monolithic JFET -npul operational al‘lp!:-
fiers b incorporale well matched, high valtage JFE
same chip with standard bipolar fransistors 'Eil
nol./' ), Thesa amplifiers feature low npul 3
curmants/ow offset woltage and offset voitage drift,
wih  offsat aJ]LSI which does naot IJEﬁ ade drift of

common-maode rejection, The devices are also designed for
high siew rate, wide bandwidzh, sxtremedy fast satting time
law valtage and eument nolse &nd & fow 111 nolse cormer

Features

Advantages

® Replace expensive fybad end modue FET op amps

® Rupged JFETs aliow biow-aut fraa handling compared
with MOSFET input devices

w Excellent for low noise spplications using eher high or
low source impedance —very low 1Y comer

w Cffest adjust does nat degrads dnft or common-made
repection as in most moncithic amplifiers

™ Hew oulput stage allows use of large capaciive loads
(5,000 pF) withowt stability protiems

® Intemsl compensation and large @fferental input volage
capability

Applications

= Pracision high speed integratons

w Fast DA and A/D converters

= High impedance buffers

® Wideband, low noise, low diift amplifiers

Elecrrormeceso. snimvuueriun 1o momo ussyn

LF356 Op Amp Data Sheet

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

u Loganihmic ampifiers
= Photocall amplifiers
& Sample and Hold crcults

Commaon Features
4 ® Low input bias cument  30pA 2
pled W Low input Offset Curent. 3pA o =
u High input impedance V AF
m Low Input nalss eurrent: w
Tpatr 100 dE

® High common-mose rejed)
® Large dc veltage gain. 108 dB

Uncommon Features
LF15S5/ LF156/ LF257  Units
LF355 LF25el LFis7
LF356  [A,=5)
m Extremely 4 15 15 s
tast setlling
time fo
0%
m Fast slew L} 12 50 Wiks
rate
m Wide galn 25
bandwidth
m Low Inpat 20
noise
voltage

0.0l Fhlﬁi

F—u » Wiz
of

Leum 1 . 1vyuyen
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& Example ARW Calculation

UCBerkels)
* Ex amgle Design:
% Sensor Element:
m = (100pm)(100um)(20um)(2300kg/m3) = 4.6x10-1%g
o, = 2n(15kHz)
o4 = 2n(10kHz)
k, = ®2m = 4.09 N/m

S

X4 = 20 pm

Q, = 50,000 £ _
Vp = BV > Ell-gtr:':;]ges
h = 20 um . -
d=1pum

Tuning
Electrodes

Drive
Electrode

% Sensmg Circuitry:

& Example ARW Calculation (cont)
U" EEEE=————— e §

Get rofehion rafe 45 ovfput cument scale factoc:
A2 '—Q'KJ’IJG)(JMI . 2(,m)(;m)(zo,)(s)(moos,)(ooooozq) = 2830

@(.u ) - (JWJ)(W:/NJ) - J(Wk) (m()/ {S‘Dk) J(g")
fral” 2, '|wéw: s lma*Goe*s i(_."’g‘((“") 1250 j(2K)
S

— |+ === . 0.000024
2] . = 0.
®l%dl * Toemrs (2 1 g 2Syx155F/m

W,
l: &: é‘&’:iif N €. (20 fiog = 2000&€, — qe |/P ] S(MOGO) \J

w a P (T
Q Ay elecode covers d’a’svx/o' P

R = 100kQ : Drve
i = 0.01 pA/VHz | .‘
= 12 nV//Hz
Electrodes
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o Example ARW Calculation (cont)
" UG Berkeley

QL_ ?."'[lx”(qﬁ’(lo-') < 110. 6k«n-1

Q,qe (O)(EZS)
(6sxro 30 000024 + (tsjzw 9, oo ot (20

“ am )

e &mro”'A’/Hz 115 A x5 72 \ L97x10" 282
2

et WIS e fn R dovivks)

oy

- iz:}rgléex/o Anz —’Ae.{wr %”Y‘ (L36%10 A/wf;;}

" Sty degun () () . LIV 1 (93 qunp (Ui
Pnd finally»
A s A . = Bimost fumad
ARW = 25" Smin * g6 () amund in | hay!
EEC247B/MEC218: Introduction fo MEMS Design LecM 17 C. Nguyen 11/18/08 48

e Whde sidewalt.
7\?'» gef poise:
t@: ol + LT . 459_( )
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1;m What if 0y = O ?

UCE erkele—
TF (=W 1SKH=, Hen (B[l =) and
A2 “—’iczm'xé@(jw,)l s 205 Xgg = 2A DK 20X(5) (200€R) = L2210

logur (k66X (2 '“X"’w) + 00+ Gy

‘“_- (110.6k) ( Mjz
1SN ATHe Leexig% A x5 e e " L4910 N e
NM‘ Jonpr
Eleyraat dominabes!

~z z_
ST sy — g <| T 07 115 AN

" Slmn = —’—eﬁ;—‘"— —’E’)(“ L'm"’ (mo)(@)eo.tm (Yoo

(X1
M’GM . ) 3
v AR = 25~ Ry = 72 (047%) 0.0 %5 - ARW é%«:@«a’!’m
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