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Disclaimer

Slides are supplementary
material and are NOT a
replacement for textbooks
and/or lecture notes
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Outline

e Impedance reconstruction
e Compensation

e Appendix: poles and zeros of a network
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Breaking the loop

e In a block scheme, it makes no difference where you choose to
oreak the loop

e In a real circuit, you must terminate the loop end with the
impedance that existed before you broke the loop

e In reality, things are even more complex because you must be
careful not to modify the DC operating point
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Example: buffer stage

- R=9000Q,C =20nF
« R, =1MQ,R, =10 Q
« GBWP = 1 MHz, A, = 100 dB

__BBN ARO A /\R BZVO
oﬁ >T B,
V; +—:_ C 1. Evaluate the loop gain using

B,, B, and B, as breakpoints

2. Compensate if needed
(neglect R; for simplicity)
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Loop breaking — case B,

= RoBi

R
, R+1”R R+R)1+SC(RIIRi)
N T <R = 1+ sCR;
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Calculations — case B,

1
— || R;
Glloop SC1 A(s)
R + C | R;
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R+R +— IR
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Loop breaking — case B,
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Calculations — case B,

1 1
<C | Z <C | R;
Gloop —A(s) 1 = —A(s) 1
R + R, +—||Z R + R, +—||R
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Loop breaking — case B,

R\ AR 1
L = =R+ R, +— I R
T3

= (but it is not needed
for the calculations!)
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Calculations — case B,

1
Gloop —A(s) 1
R+ R, + — || R;

— AO Ri _
" 1+4+stR+R,+R; 1+ SC(Rl- I (R+R,))
A, 1

2

1+st1+sC(R+R,)
10 Hz 8.74 kHz
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o Joas  |logf
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Phase margin

Jo _ — 114 = 41 dB
fo1

G1fp1 = foap = foas = fp11/G1 = 93.2 kHz

¢, = 180 — 90 — arctan <f0d3> — §o°
fp1

Gofpo = G1fp1 = Gy = Go—/—
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Compensation (negl. R;)

= ‘qﬁ
SN

] RO
VA 1
v LD __ sC
l r— C Gloop — A(S) 1 1
= Ro +R Il o+ 7
C
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Effect of C,

’ - A, 1+ sC.R
0P ™ 1 4+ st1+s(CR+CR, + C.R) + s>CC.RR,

1. Azeroisintroduced in Gy

2. A second pole also arises

3. The poles time constants are entangled
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Sizing of C. — LF/HF approximation

e LF: C. = open circuit. The pole is

1
— — 8.74 kHz,
o1 = 3 C (R R ’

obviously not affected by C,.. So fy4p is still 93.2 kHz. To achieve a
phase margin of 45° we then need f, = fy45, i.€.

1
=93.2x10%° = C. = 1.88 nF
27C.R c .
e HF: C = short circuit. The pole is now
1
= = 8.47 MH
fo2 = 50 R TRY ’
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Sizing of C . — Analytical approximation

e Given a 2"9 order polynomial with well-separate real roots (i.e.,
T; > T,), We can write

(1+st)(1+5s7) =14+s(ty +1p) +5%147, = 1 + 57 + 5%147,
e Approximate values of the roots are

SLF
as’+bs+1=0=

SHF

2

Q=T -

~y
~y

e The error is of the order of the ratio of the roots
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Analytical approximation — caveat

e Consider the previous cases with 74 > T,:

1 1

Wir = T_ Wir = T_

1 2

S°T,Ty +sT;+1=0> ] S%T,T  + 51, +1=0> 1
Wyr ~ — Wyr ~ —

Tz Tl

e |nthe second case we have w;r > wgyr, Which is impossible = the solution is
wrong and actual poles are complex!

e Always check the significance of your results!
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Pole position

e Pole frequencies become:

B 1
" Jp1 = 211(C(R+R,)+CcR)
. f, = C(R+R,)+CcR

p2 21CC.RR,

e Values are similar to the previous ones, if C. < C. As an example,

with the previous value C, = 1.88 nF we get
fp1 = 8.0 kHz; f,, = 9.36 MHz
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Sizing of C,. — 2

{Gofpo = G1fp1 S 2 = Gofoofon

Glfpzl — fzz

1 ’ B Ag
C.R)]  t(CR+ CRy+ C.R)
o If (. K C we can neglect the last term, obtaining C. =

\/T(CR + CRy)/Ay/R = 1.88 nF (same expression as before)

e The correct solution gives C, = 1.98 nF
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Phase margin > 45°

e |f—say—¢,, = 60°is required, we have

arctan (f(}dB) = 60° = foup = 1.73f,
VA

Glfpzl — szz2 N
G.fz = foas
e Resultis C, = 2.5 nF

fz _ GOprfpl
‘ 1.73
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Homework

1. Compute the loop gain for the buffer stage (slide #5) using a
current source

2. Compensate the buffer stage using a resistor rather than a
capacitor
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Network pole

e \We consider a generic network with only one reactive element
(say, a capacitor)

e Thevenin theorem can be applied at the capacitor port:

(V. 1, R) -O]_C N <>TReq :I—C
network _O:|_ Veq O:l_

* The time constant of the pole is CR,,, where R, is the

equivalent resistance seen at the capacitor port
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Presence of a zero

e A capacitor always adds a pole, but does not always add a zero to
the transfer function

e To tell when this is the case, consider these two limits:

_ A _ 1+ st,
lim =0 lim A *= 0
sooo 1 + STy soo 1+ STy

e In practice: replace the capacitor with a short-circuit
= |f the output is null, there is only a pole

= |f the output is non-zero, there is a pole and a zero
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Position of the zero: example

Vio_| Cl le L
/ 2

Sets a zero in
R,
s=20

- /
| Only sets a 1 1

— pole — —
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Evaluation

e If Z,(s) = 0, the output is nulled and a zero arises

1 1+ sC,R, 1
ZZ=R2ISCZ= sC, =0>=>s= R,
o If Z3(s) = oo, the output is nulled and a zero arises
1 R, 1
=R e = TR, -5 T GR,
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However... not everything is straightforward

e The pole time constant is

O
[/;) Tp — C((Rl + Rz) | (R3 + R4_))
e I/,(0) # 0 = C also adds a zero

e \What is the time constant of the
Zzero?
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A possible approach

e The TF can be written as

H(s) = H(0) ot = H(w) = H(0) % = 7, =

T STp D Tp H(O)

* |n our case
H(0) = (Ry + R3) I (R, + Ry) H(®) =Ry IRy + R3 Il Ry

R IR, +R; Il R,
t,=C((Ry+R,) Il (R + R N
Z (( 1 2) I (Rs 4)) (R1 + R3) Il (R, + Ry)

C(Ry I R3+ R, [l Ry)
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Comment

e The last method works fine when the numerical value is needed
(or in a Bode plot), but can return lenghty symbolic expressions

e A different technique, called the double null injection, can be
used but is outside the scope of this class

* |In these cases, it might be better to directly solve the circuit
(other theorems are available)
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