Design of analog

Integrated circuits

part 2. Operational
Amplifiers

1.- B. Razavi, Design of Analog CMOS Integrated Circuits, Mc Graw-Hill, 2001
2.- R. J. Baker et al., CMOS Circuit Design, Layout and Simulation, Wiley Interscience, 1°' Edition, 1998.
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Exercise 2:in the two stage Opamp of
Fig. shown below, W/L = 50/0.5 for all

transistors except for M5,6, for which W/L = M5l
60/0.5. Also I, = 0.25mA and the each output
branch is biased at /mA4. Assume V,, =3V, VYewm*—1
V,; = 1.09V, Determine:

M
(a) The common level at nodes X and Y. — — <

(b) The maximum output voltage swing.

Parametros de transistores:
1#,Cop = 134ud/V?, 1, C, =
38.3ud/V?, A, = 0.1V, A, = 0.2V,
=0, Vi = 0.7V, Vo = - 0.8V,
Cois = 0-18fF, C s = 52.1fF, C g
= 0.2fF, C, ¢ = 23.4fF,

(c) If each output node is loaded by a 1pF
capacitor, compensate the Opamp by Miller
multiplication for a phase margin of 60° in
unity-gain feedback. Calculate the pole and
zero before and after compensation.

(d) The slew rate.

To be solved in the classroom
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Solucion:

(@ CMlevel Vy=Vy=Vpp—Vsss=Vpp—Vss

de: I =1md=2u C, (60/05)(Vgs6|~Vime) ‘ Vo = 146V

asi:  Vy=V,=3-146=154V

(b) Output swing v, =V~ Vops = 3 — (1.46 — 0.8) = 2.34V

de: 1=1md=1u C, (50/0.5) (Vs —Vyay) ‘ v, = 1.09V
ast: Vo vin = Vons = Viy— Ve = 1.09— 0.7 = 0.39V

El ma&ximo output swing = 2.34 — 0.39 = 1.95V
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Solucion (cont.): (c) Compensacion del opamp

Antes de compensar

donde R, = 7> /¥ opy

Y Polo dominante w, = I/CyRy

2do polo w, = 1/C,R,,
Cy — ng4 + Cppy ngz +Cyy t Cgs6 T nga( 1+ | szl)

Ro = rons //Tops

Y Co=Cp+ [Cyst ng6 (1 +1/|A,|)] + Cpg + ng8
Foxs = 1/(0.1x0.125mA) = 80kQ2

Fops = 1/(0.2x0.125mA) = 40k

R, = ron; /T opy = 26.67KQ,

Fons = 1/(0.1xImA) = 10k€2 R, = 1oy ropy = 3,33 0

Fops = 1/(0.2xImA) = 5k
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Solucion (cont.):

G2 = (2x1.34x10°x100x0.125x107) 172 A, =-g,R, =488 VIV
=1.83mA/V A,=-g R,=-101V/V
g5 = (3.83)(60/0.5)(1.46 — 0.8)

A=A4,A,=(-48.8)(-10.1) =492.4V/V
= 3.03mA/V o A = ( ) /

C, = IpF+ 52.1fF + 0.18 fF(1 + 1/10.1) + 23.4fF + 0.2fF = 1.076pF

C,=[015+43.8+0.2+234+76.6+0.18 (1 +1/10.1)]fF = 146.IfF

Antes de compensar

Polo dominante w, = I/C R, = 1/(146.1pF)(26.67k€) = 2.57x10° rad/s
2do polo w,, = 1/C R, = 1/(1.076pF)(3.33k€2) = 2.79x10° rad/s
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Solucidn (cont.):

Despues de compensar
2do polo w’, =g, /(C, + Cp) = 3.03mA/V/(1.076pF + 146.1fF)) = 2.48x10° rad/s

Polo dominante w’, = 1/[C,+ C(1 + |4, )R]

Para un margen de fase de 60°, tenemos:

90° + tanl(w’, w’y) = 120° ‘ w’,=w’, tan!(30°) = 1.43x10° rad/s
log(w",/w’) = 53dB/20dB/dec WY w’, =w’, /10520 = 2.91x10° rad/s

C. = {[(2.91x106)(26.67x103] — 146.1fF} /(1 + 10.08) = 1.15pF

Notese que: C>> C,

The zero:  w, =g, /(Cc+ Cyyg) = 3.03x10-3/(1.015pF + 0.18fF) = 2.63x10° rad/s
Nétese que: w, > w’y, w'p
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Solucion (cont.):

(d) Determinando el valor de R

de: w, = 1/[Co(1/g,s—R,)] =-| w'y|

R, = 1/gm6+ 1/(|w’,| C) =680.702
(e) Determinando el Slew Rate

SRenV,,=-1,/C. =-0.125mA/1.15pF = - 1.09x10° V/s

SRenV, =-SRenV,,=109%10°V/s
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3rd Step, characterizing the opamp:

(a) Input offset

- 2. Vas —Vrrn {—ARL ) A(W/L)}

Vos = AVrgy +
oS THN RL WL

s 1 AV = Ve =Vruno)s Ve 18 the
(4 ) s

average of Vi, and Voo,

AR, = (R;; —R;,), R, is the average of R,
Ceat ) ] and RL2

AW/L) = (W/L),— (W/L), and W/L is the

f - average of (W/L), and (W/L),.

J The systematic offset is simulated by
ST ’) grounding the inverting input of the Opamp
by = e and sweeping the noninverting input. As
o indicated in figure (b) the offset voltage is
S equal to the distance between the curve

s T and the origin along the x-axis.
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(b) The output swing: y
This parameter is determined
from the output stage of the
Opamp.

From the example shown below, : |
the output swing is the range e ’) ________________________ Py
where the output voltage is

linearly related to the input, i.e. .
+/- 0.8V.

Notice from the same curve, the v e e e
corresponding input voltage is ~ B cap

+/- 5mV for such a value of
output swing.
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(C) The CMRR: A el (dBY
The CMRR of the Opamp is defined
as: . 4
CMRR = 20logl ——— |=20log — e el
ACAZ Ac A

> Ao Vi ﬁ\
v
.|

L

Circuit to measure or simulate the CMRR

|
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(c)
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(d) Power Dissipation

The P, in the opamp is the product of the
sum of the currents flowing in the current
sources with the power supply voltages

Voo
M,y |_1_| M, For the two stage opamp,
the dissipated power is:
Mg :l Vi, I: Mg
Pp = (Vpp)ps + Ips i)
o—{[_ M, M,
Vin .
Vo1 ™4 (f) tin —a Vo um
“gH i

E. Martinez-Guerrero /Disefio Electronico Analogico /MDE-DESI-ITESO /Primavera 2006 11



‘ Zino

(e) PSRR:
The power supply rejection ratio is a . Ay, ~ Ay
term used to describe how well the PSSR = " PSSR = .
Opamp rejects noise or changes on vo IV Vo IV
bias buses.
¥ Y
Voo - VI \"-. :_,,
X = v N
A I e : :
f

Fia

@ S .
f$5 — f

Example of a circuit to simulate the PSRR.

—I|:1mr1 M, F“_ - il —@‘—@5 You
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(e) SR:

A configuration such as the circuit in figure is
useful to measure or simulate the slew rate SR =1C

iR
¥ m__/—

&
1a.a 1D. 5 11.0 IL.5 1z.0 1z.5 11.0

Elmm [T+
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