Lesson 4 Analog Discrete-Time Integrated Circuits, TSTE80
Lesson 4

L esson Exercises: 4,B5.1, B5.2,B5.3, B5.4, B5.5

Recommended Exercises.  B5.10

Theoretical | ssues: Opamp

Exercise 4

Calculated the loop gain: Break the feedback loop

G
4{ A(s)
VinT
Cl => C2
Vin VoutT
T R
n C
/ A(s) T 1
Break the loop her?
Loop gain:
1/(sCy) C,
T(s) = A(s) = A(s) = BA(s)

1/(sC;)+1/(sC,) ~ C,+C,

The feedback factor:

V
-A®S) out

1
sC, +sC,

wheref = —sC, andZ; =

The closed loop transfer function is thus given by

Z,(-A(9)) Z; sC; C;

Vv
Ac(s) = _out =sC;————=

= SC st 1
Vin 11+Z,(-A(9)) f 1 +7.f f C,
-A(s)
The loop gain calculated from the system model:
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1 G,

_ _ G
s—(fﬁ-—g(—l—z(_SCZ)(_A(s)) = Cl+C2A(S) o=

Ci1+Cy
Conclusion: When calculating the loop gain we can break the loop to directly get the loop gain
and feedback factgd , but the total transfer functiarotsgiven by1/B when using shunt-
shunt feedback.

T(s) = Z,(-A(s))f =

Exercise B5.1

Small Signal Model for the two stage opamp.

R Ce
Vi Vout
R — R 1
Im1Vin ! G Om2V1 2 G
where
Ry = rasallras

Cy = Cypa+ Capa + Cyer
Ry = Tussll Tas
Cy = Cypr*+ Caps + Cy

a) The pole caused by the first stage (this is also the dominant pole) will be low due to the
Miller effect:

[py| = W agp = ﬁ where the equivalent capacitive load in the first stage is given by

C1=C (1+A)) = C.(1+9g,pR)

_ 8000CL _ 80000J1.2 _ 120000L _ 12000001.2 _

- = = 19%Q = 288Q

fasa = =77 0.05 9KQ Ta = =7 0.05 88

(o = B000LL _ BO0OUL2_ ggo 120000 _ 1200001.2_ 1440
. 01 oo 01

Ry = Fgeo ITgea = 115kQ andR, = ryqlirge; = 58kQ

U7 = Jzuncoxvtvlm = Jz (020106 [?%’[o.lm = 2.15mANV
A, = gR, = 124 =>

1

_ I _
[Pil = ®.a08 = Rre— = Tiscrioprazs - 2N Lk

b)
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Oy = szncox\’—L\’lD1 = Jz 02 DlGGE%J[D.OSm = 0.866MA/V
|Ad = |A1AZAg = gy Ry [B7R, [ and for the single pole amplifier we have

— — 1 - gml _
W, = ‘Ao‘ qpl‘ = R 7Ry Co(1+0,7Ry) = —6; = 2n[l4MHz

c)

Ips _ 100u _
SR = C—c = Wp = 10V/us
Exercise B5.2

Ipy = 50uA, C, = 4pF, (W/L), = 300u/1.2u and(W/L)g = 300u/1.2u .
The slew rate is limited bR = 1,5/C. . To increase the SR without char@ing ~ we
must increasén; by a factor 2. This is done by increasing the sizgtof M
(W/L)5 = 600u/1.2u. The unity gain frequency is given by
_ Om _ 2 Cox(W/L)il oy

v CC - CC
To keep the unity gain frequency constdp((2 O |, [2 ) we must decrease the size
of M; and M, by a factor 2, i.e(W/L); = 150u/1.2u

Exercise B5.3

To avoid systematic offset the currents in the output stage must be equig}, Fel 5,
Since M and M, are equal and have the same drain current and gate-source voltage they
must also have the same drain-source voltage/ 52 = Vpgs = Voss = Ves
From the schematic we have:
Vess = Vessr Vest = Voss = Vess
| = I__E)_S | = (————-—-—-W/L)6|
D4 2" D6 (W/ L)5 D5

2|D4 ID5 2|D7
Vess = B_+VT: B_+VT' Vesr = B_+VT:
4 4 7
=>

By . (W/L)g _ (W/L); _ (W/L), _ ou
B, 2 D(W/L)5 (W/L)g ~ 2 D(W/L)5 =2 Eé 0u

from 5.2. have been used. =>

T
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W = 300u, W, = 150u 0 1, = 100uA
AW, = 600u, W, = 300u] 15, = 200UA

Exercise B5.4

For no systematic offsat,;  should be

20,6 2 100y
Voo = |——28 4y = |— =R Ly =01077+V
o7 = L CoW/0); T |9210°0(300/ 1.§ ' i
The actual value is
20
_ZD3 Ly, = LOUSO +Vy = 0.1865+V;
I‘lncox%i 92010° [y

The error in the gate voltage is tmsgs7 = 78.8 mV. The equivalent input offset volt-

Vgs7 = Vgs4 = Vgss =

o AV, AV,
age is given by, = —9%( = 95
A Im(rgslltee)
_ 8000011.6 _ _ 12000Dl.6=
d = g = 256K, T4 = “ooe— = 384KQ,

Oy = ,\/Zuncox\%llDl = Jz (8011106 (222 (0.05m = 0.75mAN =>

\Y AV
= 057 - 97___ = 0.7mV.

V. = =
S A I (T asa 1T as2)

Exercise B5.5

Vout,mn = Veito * Ves: Yout, max = Vad—Veits~Vgss = Vad— Verts — Verts—Vn
Vinmax = Vad—Verrs =Vgs1 = Vaa = Verrs = Verr1 = |Vl

Vin, min = Vss+V953+Veffl_Vgsl = Vss+veff3+VTn_‘VTp‘

_ 25
By uSIngVeff = m .
n=ox

Verr1 = Verra = 0133V, Vegrg = Verrg = 0.108V andVegrg = Vg = 0.108/
Veirs = Veire = 0.18 =>
Vou, max = 5-0.189-0.108-0.8 = 3.8V, V

\Y = 5-0.189-0.133-0.9 = 3.8V,
\% = -5+ 0.108+ 0.8 -0.9= —-4.99V

= -5+0.108= 4.9V

out, min
in, max

in, min
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Exercise B5.10
Oy = 0.775mA/V,

p,| = 60MHz
From p. 237 we have

w, = tan(90° —PM)|p,| = tan(90° —55°)|p,| = 0.71p,| = 2mM[A2MHz

wherew, is the unity gain frequency of the loop gdits) = A(s)B ). For high frequen-
cies the loop gain is given by (p. 237):

B Ag|Py = B [0n/'Ce wherep Ry

s O s O R+ R,
Sl + == sHL+ —
%L ‘pZ‘D %1 ‘pZ‘D

T(s) = BA(S) = -1

At the unity gain frequency:
C /C
T(j(.l)t):].: BEgm/ C _ Bl:gm C DC Bl:gm

= = ————— = 0.4pF
O f w1+ 0.7 ¢ @1+ 07
w1+ O
ey
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