SOLUTIONS. Exam August 22, 2009
TSEIO5 Analog and Discrete-time Integrated Circuits.

Exercise 1.
As the small signals V,;» = 0 and V;,2 = 0 we can sketch following SSEC:
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Figure 1: Amplifier. Small-signal analysis. Small-signal equivalent circuit
KCL in node D1 gives: (Note that r4s = 1/ga4s)

(Vout - 0)(gds2 + SCL) + Vdslgdsl + gnlegsl + gmbslvbsl =0

SSEC also gives: Vg1 = Vour — Vip and Vg = =V,
Because bulk is grounded Vjs; = 0 — Vj,,.

(1) now gives:

Vout(gds2 + SCL) + (Vout - V%n)gdsl - gmlv;ln - gmbsl%n =0
(2) gives H(s):

Vout(s) o Im1 + 9Imbsl + 9ds1 o Im1 + 9Imbs1 + 9ds1 1

=

9ds1t9gds2

s) = = = .
( ) szn(s) 9ds1 + 9ds2 + SCL 9ds1 + 9ds2 1+ — G

s =01n (3) gives DC gain Ay:
9gm1 + Imbsi + 9ds1

Ay =
9ds1 + 9ds2
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(2)
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Exercise 2.
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Figure 2: Folded casacode stage.

KVL: Vout + Vsp2 — Vps1 =0 = Vour = Vps1 — Vsp2
Vsp2 = Vsga — Vip
Vsaz = Vs2 = Va2 = Vst — Viias
(5),(6) = Vsp2 = Vbs1 — Viias — Vip
(4),(7) = Vour = Vst — (Vbs1 — Viias — Vip) = Viias + Vip
Choosing Viiqs = Vin, — Vip gives Vo = Vi, which was to be proved.
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Exercise 3.

In Figure 3 Vpg;, Vas; and Ip;; @ = 1 — 9 have been introduced. For determing CMR =
Vin,mins Vin,maz) @nd OR = [Vout min, Vout,maz] We notice that, when all nMOS transistors are

saturated, Vpsi min = Versi = Vasi — Vini = ,/% and corresponding Vgg; = IaD_'L' + Vini-
Corresponding for pMOS-transistors.
Notice that Vpgi min — Vasi = —Vini, for nMOS-tansistors, and Vspi min — Vsai = —Viy for

pMOS-transistors. V;,; as well as V;,,; are positive.

When gate and source are connected Vpg; = Vg = Ia% + Vini-
Corresponding for pMOS transistors.
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Figure 3: Transistor circuit.

— To determine V;,, i, compare all different paths from ground to V;,, and from ground to
Vinp. L.e. Vip min Will be the maximum of following two expressions:

I I
Vbssmin +Vas1i = (/22 + /2 + Vi

9)
Vbssmin + Vasa = 4/ %f + %2 + Vin2

— To determine V;, ;. compare all paths from Vpp to Vj,.,, and from Vpp to Viyp. Le. Viymaa
will be the minimum of following four expressions:

In-
Voo — Vsas — Vpsi,min + Vast = Vbp — \/az; — Vipz + Vima

I I I
Vbop — Vsas — Vpsi,min + Vasz2 = Vbp — \/aTj — Vips — /228 + /122 + V]

(10)

I
Vop — Vspamin — Vbsa.min + Vasz = Vbp — \/aT:Jr Virs

I I I
Voo = Vspamin — Vbszmin + Vas1 = Vop — /28 — /22 + /8- + Vim



— To determine V., min compare all different paths from ground to V,,;. Here we have actu-
ally just one way from Vpp to V,,; via M9 and MS8. IL.e.:

1 I
Vout,min = VDSQ,’min + VDSS,min = \/Tg + Ds (11)
(676) g

— To determine V., mq, compare all paths from Vpp to V,,:. Here we have actually just one
way from Vpp to V,,;; via M6 and M7. Le.:

[ I
Vvout#ma:r = VDD - VSDG,min - VSD7,min = VDD - L —or (12)
(675 (044
Answer:

CMR=[max of expressions (9) above, min of expressions (10) above]

OR=|y/ 4 + /22 Vop — /e — |l

Exercise 4.
Figure 4a) gives a small-signal equivalent circuit, including noise-sources. (OBS! R,, =
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Figure 4: a) A small-signal equivalent. b) Equivalent circuit for determing output noise spectral
density

As the noise sources are uncorrelated the output noise spectral density can be computed as
Figure 4b) discribes, i.e. by the following formula

Rout(w) = [Hy(w)]*|Ha(w)[* Rn1 (w) + [Ha(w)[* Rna(w) (13)

where H;(w) is the transfer function for the first stage and H»(w) the transfer function for
the second stage.



From Figure 4a) H,(s) = V,(s)/Vin(s) and V,(s) = —gm1Vin(s) - which yiels

1
gas1+sCgs2

Im1 9Im1
Hi(s)=—""———=H(w)=——"—""— (14)
1( ) Gds1 + SCgs2 1( ) Jds1 + ]wcgs2

In the same way Ho(s) is calculated to:

9gm2

gm?2
- = Hy(w)= —FF—— (15)
9ds2 + sCr, 2(w)

Hs(s) = — -
2( ) 9ds2 +JWCL

Equations (13)-(15) gives following spectral density of the output noise (here we also utilize
that g1 = gm2 = gm and gas1 = gas2 = gas):

9 9 I
Rout(w) = Ru (w M 4 Rpp (W) s (16)
() = R )g§s+w20352 P To B ey

Using that R,,;(w) = Ru2(w) = S%Tﬁ (from enclosed page of formulas) equation (16) gives:

8kT 1 2 2
Rout () = ~ Iim ( Im +1> 17

3 gm g2 w202\ g2+ w?C2,

Which gives the answer:

2
Rout(w) = 2L __9m ( Im +1> (18)

3 . g?ls + WQC% 935 + wQCE]QsQ

Exercise 5

Figure 5 shows the construction of a box that splits the signal into two rooms. Note that
the wires to both rooms also have the impedance 75 ohm, and that 75//75 = 37.5 ohm. The
seriel resistor 37.5 ohm then gives the impedance 37.5 + 37.5 = 75 ohm together with those
two wires, which yields that the box will give no reflection.

The disadvantage with this construction is that you loose 50 % of the power in the resistor.

Wire to room 1

Wire to room 2
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Figure 5: Construction of box.



