SOLUTIONS. Exam August 25, 2009
TSTEO8 Analog and Discrete-time Integrated Circuits.

Exercise 1.

a) As the small signals V,» = 0 and V452 = 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/gas)
(Vout - 0)(gd52 + SCL) + Vdslgdsl + gml‘/gsl + gmbslvbsl =0 (1)

SSEC also gives: Vi1 = Vour — Vip and Vg1 = =V,
Because bulk is grounded Vjs; = 0 — Vjy,.

(1) now gives:

Vout(gas2 + sCL) + (Vout — Vin)gast — gm1Vin — gmbs1Vin = 0 )
(2) gives H(s):
Vout (s m1 T Gmbs1 + Gds m1 + gmbs1 + Gds 1
H(s) = Yourl) _ g1 ¥ Gmosa + 91 _ gm1  gntomr ¥ Ga 1 )
Vin(s) 9ds1 + gas2 + sCL Gds1 + gds2 1+ m

s =01n (3) gives DC gain Aq:

9gm1 + 9mbsi + 9ds1

Ay =
9ds1 + 9ds2

b) Setting the voltage source at the input to zero, i.e. replaceing it with a short-circuit,
and introduceing V,,; and I,,; at the output (see Figure 2) gives r,,; = 1;’:: (OBS!
Vis1 = 0 now.)

Apparently, from Figure 2, also V,;; = 0 whereby g,,1V,s1 = 0, and so

Tds1Tds2

Tout = rdsl//rdSZ -
Tds1 + Tds2
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Figure 2: Small-signal equivalent circuit for determing r,:.

Exercise 2.

—L )

_ out

Figure 3: Folded casacode stage.

KVL: Vour + Vsp2 — Vps1 =0 = Vour = Vps1 — Vsp2
Vep2 = Vsga — Vi
Vsaz2 = Vs2 = Va2 = Vbst — Viias
(5),(6) = Vspa = Vps1 — Viias — Vip
(4),(7) = Vour = Vbs1 — (Vbs1 = Viias — Vip) = Viias + Vip
Choosing Vyiqs = Vi, — Vip gives Vo = Vi, which was to be proved.

4)
(%)
(6)
(7
(€))



Exercise 3.

In Figure 4 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 4: Transistor circuit.

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

i I
Vbssmin +Vas1i = (/22 +4/2 + Vi

Ips i
Vbssmin + Vasa = /22 +1/ 22 + Vinz

9

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

I
Vop — Vsas — Vpsi,min + Vas1 = Vbp — \/azj — Vips + Vin1

1 1 1
Voo — Vsas — Vbsimin + Vasz2 = Vbp — \/az; — Vips — /228 + /122 1+ V]

(10)
VDD - VSD4,min - VDSQ,min —+ VGSQ = VDD — \/E + ‘/tn2
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VDD - VSD4,7rLin - VDS2,min + VGSl =



— 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,m’in = VDSQ,’rm"rL + 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

b) The circuit is a OTA (Operational Transconductance Amplifier) that consists of a Differ-
ential gain stage cascaded wih a Common souce amplifier with cascodes. The cascode
transistors M7 and M8 are included in the Common souce stage to get higher gain. Actually
the output conductance will decreas because of M7 and M8 and lower output conductance
(higher output resistance) gives higher gain.

Exercise 4.
Figure 5a) gives a small-signal equivalent circuit, including noise-sources. (OBS! R,, =
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Figure 5: 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 5b) discribes, i.e. by the following formula
Rout(w) = |Hi(w)]*|Ha(w)|* Ryt (w) + | Ha(w)|? Rpz(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 5a) H,(s) = V,(s)/Vin(s) and V,(8) = —gm1Vin(s) which yiels

1
gas1+sCgs2

Im1 9Im1
Hi(s)=——"——=>H(w)=—""—— (14)
1( ) gds1 + scgs? 1( ) 9ds1 +.7wcgs2

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

gm2 = HQ(CL)) _ gm?2 (15)

Hy(s) = ——Im2__ - :
2(s) 9ds2 + sCL, Jds2 + jwClp,

Equations (13)-(15) gives following spectral density of the output noise (here we also utilize
that Im1 = gm2 = Im and 9ds1 = Gds2 = gds):

9z, 92,

: +
gczls + WQCSSQ g(%s + wzc%

2
Rpa(w)——Tm (16)

Rout (w) = Rnl(w) 93 + w20%

Using that R,,1(w) = Rp2(w) = %TTﬁ (from enclosed page of formulas) equation (16) gives:

S8ET 1 g2 g2
Ry, = — n m 1 17
t(w) 3 Im 953 —|—w20% <ggs +w20§s2 + 17

Which gives the answer:

8kT Im 92
Rou = . m 1 18
o) 3 g3, +wiC} (gﬁs + w?CZ, + (18)

Exercise 5

(19)

Inserting z = 7“7 in (19) gives

L ! _ ! (20)

eiwT/2 coswT /2 .sinwT'/2 2
+ 1 _ Y ;__wa
Ry R, IR, r\/ ! 12 T 3s0R,

T T w, T 2
The last relation we got from w, = 2s( sin kel = sin wi_ Y and cos i — w—“z
2 2 250 2 4sg

. . 1
As the formula for two parallel impedances Z; and Z, can be written ————

Z T Zs
12 corresponds to parallel connection between Z; = Ry — and
w1 b
Ty = ——
J3s0R,
As a capacitor C, gives an impedance Z = m, deleting »~'/2 means that R, changes to a
resistor R; = fy — parallel to a capacitor C, = # Quod est demonstrantum (QED)!
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As (4 in the analog reference filter is parallel to R, we can compensate for that "extra”
capacitor by changing C; to

1

C,=Cy—
! ! 280Rg

(21)

Then the effective capacitance parallel to R, after deleting 2~1/2 still will be C}, as parallel
capacitors can be added.

To determine sy so f. = 100 kHz when f,. = 100 kHz and 7" = 1 us we use the formula

T . .
w, = 25psin % which gives

Wac 27 fac 2710° 5
0= = - —— ~ 10.17 - 10 (22)
0 25111% QSjn% QSinw

/ 1
Answer: C; = C; — ——— and 5o ~ 10.17 - 10°
280Rg




