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A convenient way of visualizing transfer functions,
the Laplace Transform :

oo = Nour(S) _ (S=2) x(s—2z")
P nu(s)  (s—p,) X(s=p.¥)

o= —20+jx30p |1 1w
X C)zl = ] x10p S- PLANE
S —» S =5 +]xw
@
X 2" = - x10p
p." —20—j x30p
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4 Poles - Zero Diagrams (Cont.) APP-05

Often what we areredlly interested inis [H(w)| ,i.e. the
magnitude and phase at frequency, w.

H(w) = H(s)!

S=j xw

(W —2z) X(j xw—z")
(J XW_pl) X(J XW_pl*)

H(w) =

To find the magnitude use the fact that magnitude of the products
equals the product of the magnitudes, so that :

|H(W)| = (J XW_Zl) X(J xW_Zl*) — |(J XW_21)| X|(J XW_ZI*)‘
(i sw—p,) x(j xw—p.*)| 10 xw=p)l x| xw—p*)
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\ T s L ets graphically evaluate
[(j xw —p,)| J/ IH(w)|hereat jw, = j40p
— _
X i w-2)
Q)
S —>

>

. ’(J XW—Zl*)‘
‘(J XW—pl*)‘ @)
S-PLANE

S =5 +]xw

The magnitude |H(w)| isthe product of the lengths of vectors
3 & 4 divided by the product of the lengths of vectors1 & 2.

N J
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Poles- Zero Diagrams (Cont.)
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O
X
0dB -
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A

AMlPL /\/\
B =

/" FREQ —» \

v' R
/\ /\ /\ L C Prototypes
A AR A AN A
Continuous Time Factorization into ——
2-Pole,2-Zero sections T
(Biquadratic) ‘ N4 N4 A%

\/
Chose an “Equivalent” discrete time structure.

pse appropri ate cont. —s Discrete Transformation Simulate Disirete Time
(i.e. Bilinear, Mapping differentials) —>  inplementation and compare

_>@ Z' . with original spec.(DINAP)

\_ a Y,
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Active RC Filter
(Continuous Time)

Switched Capacitor Circuits
] (Sampled Data any Amplitude)

Digital Filter
(Sampled Data, Quantized Amplitude)

N J
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Digital Filter
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Typical Filter Specifications APP-13
Continuous time specifications A
of transfer function [H(w)| | M
AMPL
(W) o (@B) _/ \—
——~ = H(w) = [H(w)| xg™
n,y(W) /e —= N
Amplitude (Magnitude in dB) =10log| H(w) ><H (w) ]
H(w)P
J
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Typical Filter Specifications (Cont.) APP-12

A
| - T
Group Group Delay = ﬂ_Wq(w)
Delay
(msec.) /
/ FREQ —*

l«——— Group Delay ——»

”MWN W\Wﬂf
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Types of 2-Pole Transfer Functions (Cont.) APP-16
(L owpass)
W, © [y =
o _ISH
o 2 X|s;|
J
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Types of 2-Pole Transfer Functions (Cont.) APP-17
Bandpass:
Wo «g | A
H(s) = —2 X iws
S+ —° x5+ W’ |
10 -
X
J
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Highpass:
Highpass= 1 - (Lowpass) —(Bandpass)
& Lo O o
- 1—(‘5; Wo Q - =
‘§32+\’iJ><s+wi+ SZ+Vl°><S+W§
e 0 %) .
| >I( jWP_'
Q-1
| I
|H(W)| : SP II ﬁ“ _
| | N\
| I
| :
W, X
=
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Bandstop (or Notch) :

+
Bandstop = 1- Q = ?/v We
sz+%xs+wi S+ —° xS+ W
Q
A
D jw;
H(w)|
0
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Typesof 2-Pole Transfer Functions (Cont.) APP-20
All Pass (Delay Equalizer) : -
)|( 1 JWPQ
= 1-2—-(Bandpass) | |
2x8 5 S X5+ W l .
H(s) = 1- - 8 ~S 5! Sp !
S+ Zoxs+w! S+ xs+ W : :
X @)
|
Group 1 |
H(w) Delay [H(w)| |
I
I
I
W— W, W—>
J
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| owpass & Bandpass:

VIN +
— &
_ R " B Vie
R +
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State Variable Active RC Filter (Cont.) APP-22

R, W
" % R.
A, -
Nout
Rz +
N
Nour = nl& + nzaF
R, R,
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State Variable Active RC Filter (Cont.) APP-23
R Ve,
R,
+
VIN + _»@__1_ J_ __1_ J_ VLP
+ RC s RC g
|
el o
\LP _ CRC9 _ W(f
Vin grdl s g+ Wog 4 w2
eR.xC 2 R
_ 1 _ R
\ Wo = RC Q=R
J
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1
\ﬁp — _ﬁ: " — —Wo XS
Vix S +—1_ xS+ @eiéz S + Lo xS+w,’

RXC ™~ eRD Q

(Note GAIN is—Q at W, instead of 1
as required for a canonical bandpass.)

Highpass :

Highpass = 1-(Lowpass) — (Bandpass)

Using a3RP OP AMP we form the sum,

VHIGHPASS — VIN _VLP + 1 XVBP
Q
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State Variable Active RC Filter (Cont.)
Bandstop :
Bandstop = 1—-(Bandpass)
VBANDSTOP — VIN + l ><VBP
Q
All Pass:
Allpass = 1-2(Bandpass)
VALLPASS — VIN + 2 ><VBP
_ J
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Active RC Filters- Integrator or State Variable Configurations

Basic Element isthe OP AMP Integrator :

r]IN

C
-
/ +
Virtua Ground

A4

Nour
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Active RC Filters- Integrator or State Variable Configurations

I ouT 1 oSC

Nour 1 .1

= S5 = H(s)

r-]in RC S

1 oRC
H(S) 5=y = S

= -SC XNoyr

APP-27

(Cont.)
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Active RC Filters- Integrator or State Variable Configurations

(Cont.)

Scaling of the internal node voltages for maximum dynamic range.

AVAVA
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Active RC Filters- Integrator or State Variable Configurations
(Cont.)

For maximum dynamic range. (Signal / Noise Ratio) the outputs
of both op amps should have the same peak values.
If thisis not true;

- If op amp #1 has apeak signal larger than #2, then #1 will
saturate early limiting the maximum signal.

- If #1 has a peak amplitude less than #2, then there must be
gain from #1 to #2 and the noise of #1 will be amplified.
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fo = 3kHz
W = 20krad _ 1

° sec RC
C = 10pF
m - 1 __1

10pF x20 x10° 2 x10™

R = 5SMW
R+ 10% Cx10%
RC £ 20%
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f, = e
T sre = L
V, ((* z f,C
*—o *—o — V1 V,
__C vV
N
DQ = Cx(V,-V,)
2|2 = QTQ = f. xC x(V,-V,)
_V,-Vv, 1
R I X
N J
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A
1

/E,
L
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Size of Switched - Capacitor, Resistors APP-33

V., R Vo, fue = 10kHzZ
VoV 1 1

__ C=10pF R T 25 xC ~ (6.28) (109 (101

<+ = 1.6MW
Areaof S-C Resistor Areaof Poly Resistor
(f. = 100kH2) (50Wx[])
c o= 1 _ 1 = 32" 10°0
*T xR 10°7 1.6° 10°

»3.27 10°mil’s(@1mil’® a[))

6.28pF

Equivalent S-C resistor about
31mil*s(@5mil* epF . .
7 (@ PF) 2 orders of magnitude smaller in area.
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Simple Filter
Ve a4 xR Vo
—@®
__C=10pF =—>
N
_ 1
W3dB - RC _>

/4

Requires absolute
control of Rand C

APP-32

i Vour
Cx

N
%4 %
W3dB » — fc Xiﬁ_RO
1 & ec o
x 0 c
3 xC,
©f. xC2

Requires control
of Ratiosof C
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S-C Integrator

- a,C

APP-35

VNV
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Two Integrators Together

LN |

— a,C .

r

- alc
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—0

L /7
AN ! yd 1

+
9 o VLP
'+ ,
C, N T3
| |
|
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0.5

APP-39
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RF Front End APP-40
2.4GHz
;; Crystal
800 —900MHz —— Freguency Reference
@ < Pigital Radio
Front End
A
|
|
50W :
| I
% 50W @ AID |
Matched Impedance | — B
J




