SOLUTIONS. Exam August 21, 2008
TSEIO5 Analog and Discrete-time Integrated Circuits.

Exercise 1.

M1: Figure 1 gives: Vgs1 = Vi, =3 Voch Vpgy =V, =0.03V

Vbs1 << Vgsi — Vin = 2.5V, which means that transistor M1 works in the linear region.
Enclosed formulas then give:
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With Ip; = Ips = 20 nA relation (1) gives:
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Figure 1: Inverter. Large signal analysis.

M2: From Figure 1: ngg = VDD — VB =2V and VSDQ = VDD — Vout =297V
Vspa2 > Vsga — Vip = Veppo = 1.4V, which means that transistor M2 works in the saturated
region.

Enclosed formulas than give:
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Ip1 = Ips = 20 nA inserted in (2):
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Answer: W, ~ 13.4 um och W5 = 3.19 ym




Exercise 2.

a) Figure 2 a) shows a complete small signal equivalent. As the DC voltage source (Vpp)
is ideal it will be replaced by a short circuit in the small signal equivalent circuit.
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Figure 2: Complete small signal equivalent.
b) Figure 2b) is obtained by rewriting figure 2a). Note that Vo = — V1.

The equivalent circuit in Figure 2¢) (the asked for equivalent) is obtained from Figure

2b) by:



1. Note that resistors 1/g4s1, 1/g4s2 and the capacitor ﬁ are parallel, then the total
admittans obtains by adding the admittanses g4s1, gqs2 and sCj,.

2. Observe that V0 = =V, = —Vj, which yields that the current source g,,2Vsq2
in Figure 2b) can be changed to a current source g,,2V;, with opposite direction.
This current source is parallel to the current source g¢,,,1V,s:. Thus they can be
added to one current source (g1 + gm2)Vin-

Figure 2c yields:
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Vo = — It ¥ m2) 3)
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¢) s = jw yields the transfer function H(w):
H(UJ _ Im1 + Im2 :>| (w) |: 9Im1 + gm2 (4)

- : H 1/2
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Unity-gain frequency is that angular frequency w, when | H(w) |= 1.
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Answer: w, =

Exercise 3.

a)

Phase I: e Vinp = +E,Viyny = 0= M1 conducts and M3 blocks.

e M3 blocks = I, =0
M1 conducts = I, = I, = I

e M2 and M4 constitute a current mirror and as M2 and M4 are identical I3 = I; = I,
e M3 blocks (I4 =0) = I5 =13 = Iy

Phase II: e Vinp =0,Vinny = +FE = M1 blocks and M3 conducts.

b)

e M1 blocks = Is =17 =0

e M2 and M4 constitute a current mirror = Iy = I = 0
e M3 conducts = Iy = I

e y=0and Iy = Iy = [0 = Iy = — 1,

dvout (t)

Definition: Slew-Rate (SR) =max o

For capacitor C, we have that:

dver (t) _c, Aoyt (t) N AVout _ icp(t)

dt dt dt CL

iCL(t) =Cy

Thus the maximum value of d”%;(t) obtains when ic/(t) has it maximum value, which ac-
cording to a) is I,.

Answer: Slew-Rate = fo

CL




Exercise 4.
Figure 3 a) shows a small signal equivalent and Figure 3 b) a redrawn Version where we
have used the fact that V;o = 0 (giving g,,2Vjs2 = 0) and that ggs1, gas2 and 5- are parallel.
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Figure 3: Small signal equivalent circuit.

b)

a)

Determine V,,;/V;,:
Figure 3 b) gives:

Vrgsl = Vin — Vout (5)

and 1
Vu, = 9m V, sl * (6)
out = Jm1 Lgel gdst + gas2 +sCL,

(5) inserted in (6) gives:
1

Vou = 9m szn - Vou . (7)
! g 1( t) 9ds1 + gds2 + SCL
(7) gives the transfer function:
Vout +9m1 +sC Im1
H(s) = — 9ds1T9ds2 L _ (8)
( ) Vin 1+ m gm1 + Gds1 + gds2 + sCr,
As g,, >> g4, following approximation of H(s) obtains:
Im1 1
H(s) ~ 9)
(=) gm +5C 1+ ;Cf

Determine R,,;:
Set the input signal V;,, = 0 and introduce the noisy voltage source Vr;, with spectral density
Rrn(f) = %TT . ngl (from enclosed formulas) between G1 and ground. See Figure 4. Note

that Vp;, will have the same position as V;,, in Figure 3 b), i.e. between G1 and ground.
Which means that eqn. (9) also gives the relation between Vrj, and V.

The relation R,.:(f) = |H(f)|?Rin(f) gives (introduce s = j2r f in H(s)):
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Figure 4: Small signal equivalent circuit.
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Exercise 5
Least Significant Bit (LSB) = Q=2%0 =1.96 mV

I.e. the smallest input signal that can be compared is Vig — Vi, = 1.96 mV

Vor — Vor 3
_ = —_ > — — .
(Vou —Vor) = Ae(Vig — ViL) = Ay > Vit — Vit~ 196103 1536 or 63.7 dB

Answer: A, > 63.7 dB
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