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Disclaimer

Slides are supplementary
material and are NOT a
replacement for textbooks
and/or lecture notes
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Problem: Square wave detection with LIA

R0 1. Use a LIAto getS/N =10 using as
a reference signal r(t)
PEEER N 1 r(t)
T T [ [ Vos X ]
g >
Ty | T, t
ﬁ_m+n

WN PSD: Sy = 50nV/VHz
Flicker noise (unknown)
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LIA output: signal

)

x () 4® F e PO, e x(t) is already “modulated”
,\AD(f) YY) (it is a square wave)
Bl Ad(D) , , .
AWR(D S Vit Vog| —  — e |tis easier to workin the
H time domain to avoid to
<> <—> > > . . . .
LT t ~Vos 1 L Lt deal with sinc (if LPF is a Gl)

e y(t) is the output of the LPF, i.e. the DC component of d(t)
_Va+Vos+(=Vos) Vi
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LIA output: noise

/\ Sn(f)TIWR(f)*Wqu(f)I2
.................... f ;
NC
Wipe(f) 4 IWr(F) — N ﬂ ﬂ ﬂ
T PO N ﬂ N ﬂ
1 I ] [\ ] T T > -5/r -3fr -Ir fr 3fr 5/r f>
-5fr -3fr -Jr BWNfR 3fr 5fr f—_—

e This is easier in the frequency domain:

2\° 1
ng — fSn(f)le * WLPFlzdf — ZZ (E) (Zk + 1)2 Sn[(Zk + 1)fR] ' 2BVVN
K
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LIA output: S/N ratio

Sn

e Choosing fr > fyc allows to neglect 1/f noise: S, [(2k + 1) fz] = —

T 3 2

e From S/N expression we derive the LPF bandwidth:

2
— (2 Tt SY o
nZ =2(2) -=—.2%.2BWw, = S*. BWN

Va
(5) -2 —10 - BWN=100Hz
N JSE-BWpE
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Alternative solution: BPF + demodulation

)

BPF

—
)

BPF

x'(t)

——( X )—

LPF

|

—

r'(t)

> y,(t)

4
Ax'(t) = — ?cos(a)Rt)

4
r'(t) = — cos(wgt)

e With two BPFs (for signal and reference) demodulation is done with
pure sine waves:

(é)z W
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(i\z SH . BVKLPF

=10 - BWLPF = 81Hz =
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Problem: sin-square wave modem

-I_—RIST ““:’ n0|se Yo (t)(ﬁ |
RIs ® 0 1. Size fR and BWLPF to
%Vm(t) x(t) LPF 1= Yo have S/N=10 on the

measurement of R

Flghy p
_Ii%%ﬂq‘t@ r(t) +1$___> 2. Suggest a way to
—

measure a complex
impedance (such as

k
- S =k —6.1078p2
BW,=5Hz  (unilateral)
I = 1044
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Signal and noise

A
S.(f)/2 A (Wr(f) *WLPF(f)|2
fr fr ]>f
RN
2BW5o 7 Aeeeeenn 2. (Z). N
R\(\ ) 2
=
2 > 2BW,
— BWLPF — 1OBWR
= 50Hz unilateral!
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f. sizing

e The difference vs. previous case is that we have no white noise.
We can approximate S,,[(2k + 1) fz] = S,,[fr] (worst-case) and
a|SO BWN — BWLPF

2
S —IsR 1007?
— p— 10 — fR — kHZ
N , 8
2 T2
() - 2BWier - Sufi) - T
\
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Complex impedance measurement

e Measure separately real and imaginary part of Z (phase shift):

1
Vin = I (R + E) = I; cos(wpt) + a)_RCCOS(th + —)
+RI n0|se
Ristoans W
7 V@& rfone
g (t)
= r(t
i +1 3’1(0
- ReF @ R,
-Ij‘bwt —>[ACI>=EJ—
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