5. APPROXIMATIONS AND ASSUMPTIONS

How to build Low Entropy Expressions with minimum work
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An even better choice is

1
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because for Q = 0.5 (two equal real roots)
“Yi _ 10
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and the slope is —90°/dec, the same as twice the

—45°/dec slope for a single pole.
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Exercise 5.1
Sketch asymptotes for Z; and Z, for low Q.

Exercise

For the +wo-pole low—pass LC fibler
sketcd H.e'ﬂmgm'{-mf-c and phase asyinp fotes
of Z: awd 2, for bbw @ (<c05)
(Buf’ take @G> D.I)
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Exercise 5.1 - Solution
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Exercise 5.1 - Solution
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Nete: RSR,, Q-=>Q

Why is Qp defined "upside down" relative to Q, ?
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Conventional result:
loaded low-pess LC filder —

R2R, @=>q
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8, T R, 8 o
R3 Qs 3;, Q.3 KL
R ) e R
_ 1+ 5C Ry _ Ry
L+[§=E£L +Re +s L Re+Re 5({-&‘1;"? L) +$ULCR,

Reveals no insight

v.0.1 3/07 http://www.RDMiddlebrook.com 50
5. Approxs & Assumptions



Conventional result:
loaded low-pess LE -f'-l-hr SR R
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R3 Qs 3;, Q.3 KL
R ) e R

_ 1+ 5C Ry _ Ry

1 +Re +s L R+ Re “‘5({-&’{;"TL) +$ULCR,

Reveals no insight

This high entropy result can be converted into the desired

low entropy version by application of mental energy, but it

takes quite an effort, and you have to know where you're

going!
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Conventional result:
loaded low-pess LC filder —
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This is a good example of how a low entropy format can

allow one equation to disclose more than one useful
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[oaded lmu-pnss LC 'F"H‘E" Nete: R-3Ry, Q-> @

1y, sL:R“‘?ﬁ; '“'1.=H w,
R:'- - Worj= R,z _E
BT P T Qe ke gk
R.n'wg_ Rﬂ —f- @I.+ + 'wl- j_ _{ 1
Colral) T e Tow =R, 3 (E-ZJ("*)* (3
U7
fioran) R () e (8
(K)(1+ 22-)

Some three effecds as fo H, but wit], addstton
of aw inverted pole ot whofQ_-
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Compare the Z; asymptotes with and without R; :

Without RL:
(QL = 00)

With RL:
(Qp # )
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The appearance of the new corner frequency ©,/Qg.

can be confirmed by a mental frequency sweep:
Nete: RSR, Q->@

, =L‘R'é; ‘UE_EH wy,
. x ;
Re:Re[Qe e Yoriz Ko (%
? - fi= Ro@ [
¢ =R - (Qf Re Q.= _E&

Hence, for the high -@ case,
Z. xR, |t 'tji’_{(‘éh) t (5)
&)1+ L)

Without Ry, Z; — 0 as w — 0 because of the capacitive

reactance.

With Ry, Z; flattens, so a concave downwards corner is

introduced, which is an inverted pole.
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zl‘- I=R'S - Qi_: & QLE —.R....b'

Q- Ro ’ '
£, = 1+ Quldy) (%JR"&") =R.Q, xR -
Qo ; =K
+O ) g;'&i Q..+"ég %*31)(&,%(&)*—
S waf
= Ro- l+:ﬂt?" (;‘J e =
; l + (iﬁ*_-p.é:_}(i ) P Y
Hiqa. %) 1+17/Qa. (Z)
Sowe thtee effects as fo H, so for high-Q case
.f
(3 )(1+ 2ofS)
% = '20 |+ A fs
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When an LC filter is loaded, a 4th effect needs to be

accounted for:

Rﬂ.ul{-l compgr-ul with unmlooded cage:
second , | R,
order > I Low-tfreq. aymphote s mpe = 7rg,
( resistive dt'ufal.tr)

Second P 1. The comer -f-rndlu.l.ncj s C&MJM ‘IC"

order
{l+l{@|_ g
flrSt =+ 2. The Glﬂ-lhplrnj Cbﬂ{-{l‘t!‘!n"" s C‘LMJ.QJ ‘o
order . w
I
Qe Qo
i |+ lml"
first =» 4. New corner frequencies may appear in
order some transfer functions
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A third damping resistance R, may be present,

representing the capacitor esr:

i

L 2o ,
-~ o= =Koy Vsl uy [
) E?ﬁ Ly = /_':

By analogy with Q,, define Q.= II:O

C

The analysis for H, Z;, and Z, could be re-done in the
same way.

Instead, let's build the result by applying what we
already know about the two simpler cases.

The price we are willing to pay, in order to leap-frog

directly to the result, is that the second-order effects

v LYe7 . http://www.RDMiddlebrook.com 66
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A third damping resistance R, may be present,

representing the capacitor esr:

i

Z 5
! =Ry, W = vy

One first-order effect of adding a second damping
resistance was to lower the total Q; to the parallel

combination
1 1 1

= +
Qt Qe QL
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A third damping resistance R, may be present,

representing the capacitor esr:

i

sl s, 5 L
ﬂq_‘ ﬂg
< o R _R
= éﬂoﬂu = Q= g @L“E"@c R
_u

A good guess would be that adding a third damping
resistance would lower the total Q; to the triple parallel

combination
1 1 1 1

= + +
Qt Qe QL QC

v.0.1 3/07 http://www.RDMiddlebrook.com 68
5. Approxs & Assumptions



Another possible first-order effect of adding a third
damping resistance is the appearance of additional

corner frequencies.

A mental frequency sweep can be used to verify an
analytical result, but it can also be used "in reverse"

to expose new corner frequencies.

The strategy is to determine whether or not the addition
of the third damping resistance changes the asymptote

slope as frequency approaches either zero or infinity.
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For the voltage transfer function H:

w — 0: no change of slope, so no new inverted

pole or zero;

w — : a concave upwards corner appears, so there

1S a new normal zero.

Further, the value of the corner is where 1/wC =R,
which is 1/RC=Q .w,,.
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Assembled results:
Comdlr atul{'t‘olu.l alll.uPlMs Cnpoc.tfﬂi"’ L8Pr R

EL‘xn i
b <. o wﬁﬁ me
Re < R
Rﬂﬁl.-.z_ Qt -; q}l_ @L‘ﬁ'
b

For the I\EﬂL Qmu Hee Pleuuus tesallt co.. bao

Letend e 6'1 "“"‘F{‘—f““‘ . triple parallel
4 & ,2._) = 1tsR.C combination:
i |+ e Loatpl ok
l -G_?t(iﬁ) ( R Qe &L Q
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Assembled results:
Comdlr atul{'t‘olu.l alll.uPlMs Cnpoc.tfﬂi"’ L8Pr R

“ sk < Rozj; Vi wy
~ Wy, = Row F=
Jﬁ' > f':
[ 3% Ro
%R"ﬂ" e gl
-

For the l\lﬂL Qmu Hee Pleuuus tesallt co.. bao

Letend e 6'1 "“"‘F{‘—f““‘ . triple parallel
I' At ,2._) = ltsk.C combination:
H 4 mf-[‘ . & bt +.L _|__L
L+ _(ﬁ) ( R QR Q& Q

A similar process leads to the assembled result for Z;:

2. ¢ el &)
(;.)(H-ﬂ&)

(No new cornetrs)
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Pt-t:nc,i_,p[.z +a~./ exdemson o resulfs $o & wone

cowp licated case -
[. Determoe i nuo +otal Qp .
L. Add omy oddiftonal pole o~ 3ere factors

('Isﬁiu{ | Co{nﬁ-wj-t C“Tf;_' w-¥0
oF W-? 00 asymptotes })

Emrcﬂu. o

Obtvin the com!.paml;ml resulfs o Z,.
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The key step is now o determine T12 and T22 from Ihe small signal model for the condilion

vi=0;
| VO (AL — D x N¥ w2V (1 +3C % RE) |
T1Z = ey [15]
o I VO x (RL— D? x N¥ xZ))(1 + sC xRL) s
¥ @ = [tE]
where (5L.+Ru]{ﬁﬂ.&l + I) —
" A, !
N RCES) % RC) + (501 x RCY % RL1) + L1 + ALY \ -
" il {571 % C1) + 4C1 % (AL1 + RC1) +1

k. /
:.- {n‘-‘un‘i@:u 1-sC x AL}] J___,---" [18]

> a,=[{:’£,xE:RL]+=L"HRL xl_HH—H'E+E:Tu]+HL] (9]

At the resonant frequency af the inpul fler, the Impedanca Z will attain a very high value,
limitad cnky by the sares resistances RL1 and RC1, The peaking in the value of £ will affact
both the numerators and dengminalors of the transfer functions T12 and TZ2, a3 shown in
equalions 15 and 16. The rel effect will be a reduclion in the loop gain Gr and a corresponding
phase margin reducton.

g
v.0. — i "

J. I_\PIJI UNO O I_\QJUIIIPLIUI 1o

76



