Frequency compensation

Typical op amp circuits contain many poles. For this reason, op &
usually be “compensated,” that is, the open-loop transfer functiol
modified such thatthe closed-loop circuitis stable and the time r¢
well-behaved.

Stability can be achieved by minimizing the
overall phase shift, thus pushing the phase

crossoverout. Mo
Discussion: _
O This approach requires that we attempt zooglp (o) |
to minimize the number of poles in the T\
signal path by proper design.
[1 Since each additional stage contributes 0 ‘

at least one pole, this means the numg




Frequency compensation (cont’d)

« Stability can be achieved by dropping Moving GX
the gain thereby pushing the gain
Crossover in. 20l0g1p H(0)] |
Discussion: 4\
ol
O This approach retains the low . Doskn
frequency gain and the output

swings butit reducesthe
bandwidth by forcing the gain
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Compensation of two-stage op amps
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* \Welidentitythree péies atx(ory), e(orF)and A(orB).

A pole at X(orY) lies at relatively high frequencies. Since the
resistance seen at E is quite high, even the capacitances of /A
can create a pole relatively close to the origin. At node A, the
resistance is lower but the value of C; may be quite high. Con:
circuit exhibits fwo dominant poles.
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Miller compensation of a two-stage op amp
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* Inatwo-stage amp as shownin Fig.(a), the first stage exhibits a
impedance and the second stage provides a moderate gain, the
providing a suitable environment for Miller multiplication of capa

* InFig.(b), wecreate a large capacitanceatE, the poleis . =+

As a result, a low-frequency pole can be established with a moc
capacitorvalue. savina considerable chip area.



Miller compensation of a two-stage op amp (cont’d)
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Pole splitting as a result of Miller compensation.

jw
Before
Compensation Cnn:
Discussion % % x e X N—
Two poles: (based on the assumption |@, 4| << |@), 5|)
1 Simplified circuit of a two-s

+C :
p9 +C1) R& the output resistance
<Rs[(1+ gus R MCot Capo )+ Cg 1+ Ry (Cet Capo + CL) Ry =1 g| 7y
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For Cc= 0 and relatively large C;, @, = 1/(R,C;). For
Cc=0and Co+ Cgpe>> Cg, @p 2~ Gmol(Ce+ Cy).
Typically Ce<< C,, we conclude that Miller
compensation increases the magnitude of the output




Miller compensation of a two-stage op amp (cont’d)

O Fortwo-stage op amps, typically |@,| < |@;| < |@psl, o=

Effectof right half plane zero
0 The circuit contains a right-half-plane zero at

@,= Gmol (Ce+ Cgpg) because Co+ Ciapg CET
forms a “parasitic” signal path from the input Rs

to the output.
A zero in the right hand plane contributes Vin CCT_
more phase shift, thus moving the phase
crossover toward the origin. Furthermore,
from Bode approximations, the zero slows
down the drop of the magnitude, thereby
pushing the gain crossover away from the

origin. As a result, the stability degrades considerably.
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the zero introduces significant phase shift while



Miller compensation of a two-stage op amp (cont’d

* Addition of R,to move the right hand plane zero.

C I
Rs -
Wy [
; : V 3 R»
[1 Thezeroisgiven by . '"é_

fR=g~", then ©<0. =

mY 7

[1 We may move the zero wellinto the left plane so as to can
nr.::-nldnminant pole. Thatis
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« Drawbacks:
1 Itig difficiilt tno cniarantee the relatinnehin nf the ahn



Miller compensation of a two-stage op amp (cont’d)

* Generationof V,for propertemperature and process tracking.

L1 If /; is chosen with respectto /59 suchthat

Viesia= Visg, then Vg5 = Visia. c
SINCE Gim14= 1pCox( WIL)14(Visia— Virina)

=

and Ron15 = [1pCox(WIL)15( Vesis — Vruis)l . [ R
H oy, &
we have R, .= (W7 L
giV/L) s vl

+Cp
H:
For pole-zero cancellation to occur, g H(W L}  2uls
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Miller compensation of a two-stage op amp (cont’d)

 Method of defining g,,o with respectto Rs
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L1 The technique incorporates My-M,4

Ip
along with Rsto generate / | Rf l:]ﬂ h.l
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Thus, g .o < \[Ipe < I py IR; -




