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Two-Stage CMOS Opamp

» The two-stage circuit architecture has been the most popular approach
= High gain, Large swing

. o Compensation capacitor for stabilit
Differential-input P e P y

single-ended output stage A O

8 || ! Output buffer for gain
O—
O—

Differential Second Output buffer
input stage gain stage (optional)
Fig. 6.2 A block diagram of a two-stage opamp.



prezi/prezi.exe

sign and Compensation
o-Stage CMOS Opamp

Opamp Gain

= Gain is one of the most critical parameters of an opamp
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Fig. 6.3 A CMOS two-stage amplifier. .
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Frequency Response

= Linear and Dynamic Characteristics of the Opamp

Differential and common-mode frequency response :

V1(s)+Va(s)
S

Vout(s) =Ap()[V1(s) - Va(s)] £ Ac(s)

Differential-frequency response :
Ao

A (s)=r— X .

[Ay(jo)l dB
ve) Pole 1

+=~_ Asymptotic
] Magnitude

20log10(Ay)|

S -6dB/oct.
Magnitude /

0dB
]

bl
-18dB/oct!



prezi/prezi.exe

sign and Compensation
o-Stage CMOS Opamp

Slew Rate

= The slew rate : opamp?2| Ot== M 0| Ut = = UHe J[=D|

SR = dVOUt
dt

= = (6.25)

max

the step response that would be
expected from a linear system

A A
Ste —— O ==
P the actual response to large steps is at first slew-rate
response P g P )

limited, with linear settling observed only at the end

/
slew rate «° small step response exhibits
S exponential (linear) settling

>

time

Fig. 6.6 An illustration of the effect of slew-rate limiting in opamps.
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Design procedure for compensation

= Uncompensated frequency response of two-stage opamps
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Uncompensated two-stage opamp
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Design procedure for compensation

= Miller compensation of the two-stage opamps

| =~ Pole
_ Avw(0)dB \ T+ Uncompensated
= RGN
= ‘.. -20dB/decade
E‘E‘ X /./J{
5 piated”
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0dB i i > logjo(w)
Phase i | -40dB/decade
s | m /
3 80— |
=135 ‘
z o ' -45°/decade |
20 450 ~ Phase
= Mi i < - | | s ¥ oi
Ce M.lller capac[tor | i No phase margin 33 “‘/Mmgm
Cy = First-stage mirror capacitor 0° — — PRENPRE. > logjo(w)
: : p1 p1' p21M 2k . .
C, = output capacitance of first-stage Fig. 120-12

S =R el e el ] A bode plot of open-loop gain illustrating @

and lead compensation.
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Miller capacitance applied to the two-stage op amp
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(2) O = gmHVZ + (Vout _Vg)'/scc +Vout [Ri + SCH)
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Frequency characteristic
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Ay e
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Wide-Swing Current Mirrors

Conventional Low-voltage current mirror
%
I out Illout
"’ I " Ibias Iin Vout I ¢IOUT =1
r o Vbias X W/L IWL
2 2
Q, —— esa —ViHa W/L |—l | ) | V.., V.
2 Q GS4 TH4
(n * 1) = Q5 A 4 B 1
Q_1EI_._I VGSZ —F— Ves2 =Vniz

— - W,.*"'L-’]g'Q3 W/L=F2

Fig. 3.14 A cascode current mirror Fig. 6.12Wide-swing cascode current mirror

£ Low voltage drop

% Increase the power dissipation
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A ' Current Mirrors
Simulation result

Without compensation capacitor With compensation capacitor
71.16dB : 71.16dB

U ndwidth  :.,

—————

173.9kHz 161.6MHz 14.68kHz 64.66MHz

1 Compensation capacitor 1
b R, 'Cl :> b (O RI RI(CC \:)
Ri = oozl Tess 1. Dominant pole | Ri=lo It
Ri = o Il Yo 2. Phase margin 1 & A —
C1 = Coso + Craa + Cras 3. Unity-gain bandwidth | % C = Cgs *Cua =
Cu =G 4. Gain is same Co =€y by
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