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Fig. 1-1 Bell System progress in filter technology, depicting the evolution of
voice-frequency (f < 4kHz) filters from 1920 to 1980. Shown on the crescentis the
hardware required to realize a second-order section with (a) passive LC, (b) dis-
crete component active-AC, (c) and (d) hybrid thin-film active-RC technologies.
Shown in the oval are examples of monolithic filters : {e) an analog switched-
capacitor building block capable of realizing up to 11 second-order sections and
(f) a digital signal processor capable of realizing up to 37 second-order sections:
with an 8-kHz sampling rate.
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“QOperational Amplifiers
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Ao = Gm.Rl Wy = 1/R101

Figure 2.21 A one-pole circuit representation of the small-signal open-loop
frequency response of an internally compensated op amp.

where A denotes the DC gain and w,, is the 3 dB break frequency. Typically Ao is
very large, on the order of 106 V/V for modern bipolar op amps such as the 741 op
amp, and w), typically ranges between 1 and 100 rad/s. The single-capacitor circuit in
Fig. 2.21 has infinite input resistance and zero output resistance, much like the ideal
op amp, and it can be shown that it has the following single-pole transfer function:

_‘_/i(s) = _GnRi__
Vid 1+sRiC

Clearly, if we let GnR) = Ao and R;C; = l/wy, then the circuit in Fig. 2.21 can
be used to model the small-signal frequency response of the op amp in Spice. As an
example, the typical frequency response parameters for the 741 op amp are a DC gain
of 2.52 x 10° V/V and a 3 dB frequency of 4 Hz. Using Egs. (2.1) and (2.2) we can
write two equations in terms of three unknowns. We can exercise the single degree of
freedom to obtain the other two circuit parameters. That is, if we let C = 30 pF, then
we can solve for G, = 0.190 mA/V and Ry = 1.323 X 10° Q.

It is imperative to check that the op amp model behaves as expected in order to
avoid later false conclusions. We perform this check in our next example about how
the limited op amp gain and bandwidth affect the closed-loop gain.

Consider the calculation of the frequency response of the inverting amplifier
shown in Fig. 2.2 using nominal gains of —1, — 10, —100, and — 1000 and the forego-
ing one-pole op amp model. We use Probe to contrast the frequency response obtained
in these four closed-loop cases with the open-loop response of the op amp. We con-
catenate the input decks into one file and submit this larger file to Spice as if it were
a single job. The results of all the analyses are then found in one output file and are
all accessible by Probe. We list only the Spice description for the inverting amplifier
having a gain of —1 and for the subcircuit used to represent the op amp (Fig. 2.22).
The description for the other amplifiers would be identical, except that R, would
reflect the gain in each case. Also included in this concatenated file is a description
for computing the open-loop frequency response of the op amp (i.e., from the circuit

(2.2)

of Fig. 2.2 with R, shorted and R, removed).

The frequency response behavior of the inverting amplifier under different gain
settings is in Fig. 2.23, with the op amp open-loop frequency response. We see the
effect of increasing amplifier gain on its bandwidth. Moreover, the gain and bandwidth
do not exceed those values of the open-loop frequency response.
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3.3 Regole per il calcolo della sensibilita

Come si & potuto constatare nell’esempio precedente, il ¢
delle sensibilita ricorrendo alla definizione (3.3) risulta lungo e te
Iisso pud essere sveltito facendo uso di una serie di utili rela
facilmente deducibili dalla definizione (8.3). Tali formule, tratte

maggior parte da [2] sono raccolte nella tabella 3.1 e verranno dimo
qui di seguito.

,Sa

1. e
2. S?
3.
4.
5.
6.
7.
8. SF

SF1+F3+;--+Fn
z

=0, «arealee indipendente da =.

——
—
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gk Z
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10.  SF—ReSF  F=|F|ei?
11. Sf = i;Im Sf é = arg o
12 87 ,., =3 (S5 —SE) = SyF - s)F
Tabella 3.1 - Formule per il calcolo della sensibilita. Nelle
FEF ., F, 9,91, ..., 9, sono funzioni ad un sol

‘differenziabili di z. Nella 12, I ¢ funzione ad un sol
differenziabile di z,/z,, nonché di z, e zs.
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CONFIGURAZIONE A REAZIONE POSITIVA
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Fig. 6.17 — Rete passa banda a scala (a); applicazione del m&a
d'ingresso (b); circuito finale passa basso (c). ‘
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! ENF ! EPF1 ! ! Py P P !
! & leee—an | emmmmme e mae R U L !
! EPF v ENF2 ! ! ! ! !
! ! ! ordine 3 ! , 1 ! !
! ! EPF2 ! ! p ! T ! o !
R T T T — T s Pmmmmm e TSy S !
! ! NF1 1! ! ! ! ) !
! ! ' ordine 2 ! bassa ! q2 ! q2 !
1 NF ! PF1 1 ' : P ! P !
!o& leeeeeo | R [P U [P SEEP s T !
! PF 1 NF2 ! ! ! !
! ! ! ordine 3 ! q ! q ! q 1
! ! PF2 1 ! P ! P ! P !

Tabella 6.1 -;Le otto classi in cui si possono raggruppare le celle
biquadratiche con un solo OA e le loro proprieta’.

* ENF1 e EPF1 | ENF2 ¢ EPF2 . ecc. hammo
wiuale caratterishche oi sewsibilits (trasgormazz'owe

Cow}zlew\ ew fare)

* NF1 e PF{  lawno basse sensibiliks passive g
T e |3 cl;'s,persfoue' dei ComPoueMH Sowmo c(e”‘oroh'ue

di ‘1: = wtlizza bl per g bassi (2)
* ENF1 o EPF4 Fossibi(fl‘i N Comprowmess: btra

esigenze diverse T“pféamenl“e wh'lizzabily ber
ﬂp < 201256,
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. Progetto di una cella biquadratica

2 Wz
T(p)= K P+ g Prwd

2 Wp
P+ -q—;P-\- w;'

a) minimo numerc di componenti passivi;
b) minimo numero di OA;
¢) basse sensibilitid passive;
d) bessi valori del prodotto guadagno-sensibilita ;
e) semplici procedure di messa a punto;
. T) bassa dispersione dei componenti.

r“"p= £, (Ri,cy)
9 = f2 Ri.cy)
«J' @y = Ry, c4) B
qiz = §, (R, <3)
LK o= f5(Ri,65)
el e | (Ry,cs)

A+ A =

"

M&f'rRE-rqa/lkS

T E——




Senaibilits attiva .
P bm T 1 [+ & 2
A—~@ qP ( " Re )

Soﬁ&i&:ueﬁ&a [e Eﬁuaz(ovxi ai Proﬁe(io\

2
© = _1__ Cz 4 ’ Cp | ,-_c_

" Czlcg[ﬁ 1247 (4+ G3/C2) 1|

493

Sen si\o(l'l:a‘ Passhle '

de
s ° -...S = q Rs /R4 c3
Rs 6 P Rb R1 C,

qu =—S:‘:= 0.5 +4, R‘rf / Ri- L TS qu




EStMyiv

. “r P
T(p) =-k e
. P2+ we P +w§
B

| -2
Wp= (€2R,C,R,)

R(., Cr_ .
V R4 C3

/ j qP = Cz ReRs

i, %2 _
Cz RRg
K- ‘*_ Rl,.C3 :
Cella di Del\ sanis=Feiend ““u
("STar \aassa‘oavw‘a) con Ry= RyRp ;/V(;Ru* Riz)
Cella ENF1 passa banda e formule di snalisi ~ l
3 equaZtom e 7 variabili . Siassume Cz, Cs; RG ‘eU=E_‘.".‘
cowme. vanaloul\ indi pewndeuh R4
"R1 = 1
“p CaC7 ;
R4=‘l' R“ |
RS RG[ v (1* Cs)- CfP V ,cz ]
K . CRs\ [v G
’KM' q.P(‘H- Rﬁs) “’_C_:
. Km
.R'M‘ w R‘l
‘Ryp= 1 R,
= KM-K 5
7’% Ao Aositivebd dei valow delle ~eovsten=t deve
- 2 C ¢ |
| Cs (4+ &

|

R5=O = NF1
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e CeUe G\{ ugo genéra\e cown Um So\o‘ampl{{:{ca(:ore

STAR ((1975)
Standard Tontalum
Act’f\/e Resovnator




Fig. 6.26 — Cella STAR IPN (a) e HPN (b)

~148 —

M8 TRE 90/I50




—-K(Zvrf,,/-q,.)p
P2+ (27 fo/gp)p + (27 1,)2

Formule di analisi:
R1 = R4R5 / (R4 -+ Rs-);

_ReBp]
RIRB‘ I

' CaR;

Rs
=—"2 0 (14 Rn/Rrn)
R+ & w1+ Bp/Rs)

Formule di progetto:
Parametri di progetto: Tpr p, K, (K < Kpg)
Parametri liberi: C, C;, Rg, v ) ; ‘f"i‘f o
U R=@ATG)T Ku=g (14+E) I
R;=uR, Ry =Kup, o

RD = RB [ (1 + —3‘) ‘V ‘,c‘ . ] 5 = Ku RI (K <KM)
‘Prodotto guadagno-sensibiliti I' 2 lim r'y: T'=(1 + RD/RB)KM

A—co

Valore di v che minimizza I

o 2
v=Gle [\/1+ 12¢2 (1+g§) - 1]’

Tabella 6.2 - Formule di analisi e dj progetto della cella STAR passa
banda di fig. 6.25.

Me TRE go/I5|




Ve  K(@+(@ef))
V. p*+ (27 fo/ap)p + (27f,)?

Formule di analisi:
K =Rp/(Rc+Rp); G,=%53H; G, =4 G,=Extln;

Gp = 3=;

LPN: G5 =1/Ry, as=0; HPN: Gy = 1/Rs, o3 =1;
no = zlg; [KG1{(Ga + Ga) — asG1Gs(1 + Gp/G.4)];

d = —Ggic;z (62—2gn) - (G:5)/(026.);

do = 5% (62 - - 82)

fr=2/nolK ;fp=3Vdo; 9p=Vdoldr

Formule di progetto: S
Parametri di progetto: f,, fp, gp, K, (K <Kny K<1) -~ t

Parametri liberi: C;, C;, Rp, ¢

Gi=Sth [\/1+4q,‘r;p (1+%'~) - 1]5

; _1+p
Kne = 1+4:’(1+z-’-)f’c’lc” Re= clx’

"y (K(Kg),

Ry = [4:*01021‘101 + t} ; Ro=2§a; Rp =252,
Espressione del proéatto gmdagno—-sens:lblhti ra Ahm re:

Gr{Ra+R: -1
= 4n f,Cl CaRaR3. _

Tabella. 6.3 - Formule di analisi e di progetto della cella
STAR LPN/HPN di fig. 6.26 .

M8 IRE 90/I52




FATTORIZZAZ(QNE DELLA FUNZIoNE DI TRASMISSIONE

. Scelta degli accoppiamenti Zeri— peli
i Sc@'\ta &eﬁh’s ﬂeﬂu«euza a. couwnessione \n cascafa

. SC@UB éwﬁe costanh MQH'\-“D\\.C&(‘\‘\IQ

Hip)- K(P-vw Y (PPe @ ) (Pawd) |
» (P+ P-{-UJ )(P+ ——EP+‘JJ 2)(?“‘ AP P*’wPB)

k1 P+ ‘*51 K2 p7'+ ‘w;' K. Pz-\-w;
R, W2 2 w2 wp3 2
P gy PP P o PP P st
" P cdé K' P24 wl K P2 w3
1 2 i 2 "3 ey a2 3T ap 2
P oo ey Al S I et A
Tor 9oz~ 9p3 '
jo
7¥ Q3
%‘, @,
2 N . .
s i'(i:4+ w[
(k¥ P
P P:ux 3|

M8 Teeso/153




< 1

L\accofstm‘ameufo Zer - Po\f ) la Sequeunza e ﬁe
costauh wmolk P'\Cca five | devouo essexre scelte i
modo che |'andawents di ciascuma fumzioue du
Eraswmissioue tubermedia TS sia il P(":' P;‘a\:&o [JOSS/\'“(:(,(‘Q A
(T.l',max /TJ"mfm & 4) e cow 4£:| suo valore wassimo
uguole a ﬂuwuo clzﬂa i-u%an du Erasmussione
oomP\Q_SSiva entro l bauda pa ssanke dal f«“’m
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So\uz.{ovxe a‘PprossEW\a\?a .

. ACCop?ia wmenlbo ’zeri-\:)c\{

Sequ.euza di connessione v cascata

- - Y » w A d
Le ce“e St Segwwo v orolme oli pcat(:ezza“
,o‘ecre scembe '

\H\ Max (0¢w<w)

piattezza -

‘H\ v (iv\ bawnda PQSSAV\i‘e)

. Costant, wolki P‘\‘ca’n‘ve

n
TS (P) N Vé?\oor\:o dv PO‘\'V\OW{ “mom’c"“ , Pm+_-_
| | P +----
KS - 'lT.‘)-“MG‘X 5: 2, e V\/Z
[le M ax
K.. _K
T Ky

Co$; ?-aCQV\O(Q St a39%(carta Cx\e (masgfwn' Sidvo

bt utgua [1
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