3. NORMAL AND INVERTED POLES AND ZEROS

How to choose the gain at any frequency as the Reference Gain
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b R"l' zg_ + 5C£|RL

This format is commonly considered to be "the answer."

However, it is much better to extract the constant term from

both the numerator and denominator polynomials in s:
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Rt + ﬁ; * SCE.RL
Re (

R-@. I1+sC(R, Hlﬁ

This normalizes the polynomials, and exposes a

zero-frequency gain and a corner frequency.
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This is a special case of the general result as a ratio of
polynomials in complex frequency s:

bg + bys+bys? + bss® +...

d( +aqS+ 3282 + a3s3 + ...

A =

Extraction of the constant term from numerator and
denominator defines the zero-frequency reference

gain A . and normalizes the polynomials:

b b b
1+bls+bzs2 +b3s3 +...
0 0 0
A=A
T14fg 222,83,
ap ap ag
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Factorization of the polynomials defines the poles and
zeros, and hence the final (preferred) "factored

pole-zero" form:

The reference gain and the poles and zeros should,
of course, be low entropy expressions in terms of the

circuit elements.
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Return to the example:

- Rt+ Eg_ + 5CR|RL

- Ke L
TR, 1+ sCRNE)
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ﬂﬂ"oimm!: omd. LTaverted l_:-a[ie:: and 3eros
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Mnﬁhsu‘n to convemtional forms:

wla B
wp

(] (&4
R U T Byl ) ey
: s
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Where & W, on the gra.pL? Wheee s B, tntre formala
W s ot o« useful parametar |

=

v.0.1 3/07 http://www.RDMiddlebrook.com 25
3. Norm & Inv Ps & Zs



Mnhﬁh:h;fm +o convestronal fem:
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(1+ %)
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Where 8 Wy on the qraph? Where s B, tnthe {ormuda

Wy 15 wot o use ful parameter
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(a)(w8) “PFETe]
B, Linia] — (s4+-wy) P 'L
= (_5+hh](,5"""") b | (s+ w,)(s +u.a.L)

Where Wy on th gufkg Where s B, tnthe formala
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Exercise 3.1
Write factored pole-zero forms from asymptotes

E verciies

Ee press ‘Hv_ awin; ¥ {ﬁdurd Pof.q_—sm .'(ar-m

A
A

wly 'Y
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Exercise 3.1 - Solution
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Exercise 3.1 - Solution

Exetases

Ex ptess the ju-in; ™ -F«::I-auul Po.f.;fsn_m form

A

Wy Wy
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Exercise 3.1 - Solution
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Exercise 3.1 - Solution

Fuercises

Ex press the jn.i.ns ™ 1Co.v.-l'-uu‘.ol. Pof-t-sa.m form

A

Wy Wy
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T w,> 100w, phaw asymptefes do wit overlap
Md_&l_ mea,s.; [tui reaches qawmﬂ
b 3e.
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Fiad the morimuim phase (aq ¢ as a fumction
of -the 345-. tatic k= A/A =al._/wl
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a.fu} D-IHI_
= 0 O.lw _ o
P, = — 45° log e T log k (k<o)
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Exercise 3.2

Write factored pole-zero forms for different Reference Gains,

and write A, and Az in terms of A;
Exerce t

Noe -[—[od' ﬂﬂ-l:'n.
IJ&%{"L-H tHa Qatinm a;l—ﬂ-ﬂﬂ Chosen {rerlmcj as ‘TJ"E.-FWL!.# 3‘!!5.-.
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Exercise 3.2 - Solution

El-lrl-f.[;-t H

No Hat gaen.
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Exercise 3.2 - Solution

E'ar.u-u;‘-a H

No -“ad' 3&.;#\..
Idﬂnﬁﬁ ta qain at Ay Chosen Mm«j as *I’E-f-eehu.* gain

A,

. 1 5 w
A=p o L+ A< g (9 L+ a W (4
* led (5)l+"i F}ﬂ;su%

Exercse : Ex press A, awk Ay m Hdems of A,
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Exercise 3.2 - Solution

Exvercse :
N -HM" 3¢fm
Iclmﬁ-'-lj e 3:1& at awy chosenm {rtrgmtj as ﬂm{m* 3!5-.

A=A P

Exerase : Ex press A and Ay W Jerms ot A
s (W)Y

2 | Wa
= HI e
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Exercise 3.2 - Solution

Ewercse t
Vo -Had' 3&.&
Iclh‘“-ﬁ tha gaim at Ay Chesen {&%mc\a}. as r'm{e-euu," g Aén

A-p e b

Exerase : Express fy awd Ay i dems of A).
= vy w . _ :u.l_i _U_JL [ e
Ax (Ag)(oe Ay =[2G ]2
S W < A WiWa
h h oo
v.0.1 3/07 http://www.RDMiddlebrook.com

3. Norm & Inv Ps & Zs



ﬂfn!j {'[ﬂf— jﬂ;n can be wied an © r{.—;f-u-&mm.u 314-« aq-l.t{
With Msfuci“'!'n H‘M.h Fnh_s and gerws above Ared
are normal, those below Anf are Cnverted.

A= Hltﬁ%

(li“-‘a—!‘ (i'l' Wi

A= p“(w“’t)(n- J(te &) (e d (1o s J
(H— )(H'ub)

H=H-._( ]H——‘-[H—'-JU* =
(105313

A=A () (D &)
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If you don't use inverted poles and zeros, you are stuck

with the zero-frequency gain as the reference gain.

The principal benefit of using inverted poles and zeros
is that you can choose the gain at any frequency as the

reference gain.
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Exercise 3.3
Write input and output impedances Z; and Z, in factored pole-zero forms.

E xetuse.

Find the L'nruf'fnnal output (mpedances Z; and Z,
in {-ncf'ﬁhh{_ pele—zero form, amd sketch the
moquitude andd phase asymptotes r €och of
'H‘l:i o nl.{-wlnf-’lr-s: g f fo .

., ()

(a)

NV APNA )
—e p— g, affinmay
Z C Z, . 0
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Exercise 3.3 - Solution

E xetuse.

Find the (npub-and ovtput (mpedances Z; and Z,
in {-ncf'ﬁhh{_ Far:-—gm form , and P:kdah the
moquitude andd phase asymptotes r €och of
'H‘l:ﬁ o nl.{-wlnf-’lr-s: g f fo .

., )

(a)

AV AP 0
EY T = =z <
e ] i z'ﬂ

. 7 [l

9
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Exercise 3.3 - Solution

E xetcise.

Find Hie [nr--‘:-'nul ou uf" lrftt{uus Ziand Z
in n:f'dl‘-ta[_ f'ﬁ —3ero -for'n,":r" Skg.M the

nitude and phase asgm <3 Lach of
-l el el i

C")- AW 0 (l’) A~ -
: R n‘I R‘
= J% = -
L i L] - & CL 2
2!. = R+$-EE.
. ] _—
2 =Rl
|
1+3&
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Exercise 3.3 - Solution
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Exercise 3.3 - Solution

Exetese

F\nd the tnpul-and oo ﬂ‘f‘* er-ulnnus . and
f'or.n!_ L-St.rn -Form avel skedtch the

.l-ud.: nat_ hoase. arqmpiotes <ack of
r‘:& “-I-wn n:{-ue':h‘s =r ! f'“ "

("-) - — AW © “‘) AP 0
R RI 'l
ey T = %’) e g ™
L 3 L [4 CI—- = -]

2, = R+ )
Wy
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=R\ v

—

I 5
“AT R,
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Exercise 3.3 - Solution

¥ MR

i\( b fﬂ,fﬁf
B AN T s

ﬂ.lu.. . =
z:; » RI +£I * sC

=(Ra+ @) 1+ :—";1)
“hE (R +r))

Z,= Rl(&+ )

=(Rey) X ?;

L3

. '
“a= cR,
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