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Q1. Consider the circuit shown below

[3] (a) Find the input impedance, R;,, when « = 0.9.
[1] (b) Find the input impedance, R;,, when o« = 0.99.
[1] (c) Find the input impedance, R;,, when a =1
Solution
(a)
L
Rin = v/ ix als
'XT ’Sl 1k
V,
x R.
10kQ

is = vi/(rs + Rs)

i + s = s

= i/(1—a)

Rin = vx/ix = (rs + Rs) /(1 — )
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(2]
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(©)

Rin = (rs + R)/(1 — a) = ((1e3) + (10€3))/(1 — (0.9)) = 110kQ

Rin = (rs + Rs)/(1— ) = ((13) + (10€3))/(1 — (0.99)) = 1.1MQ

Rin=(rs+Rs)/(1—=1) = 0

Q2. Consider the circuit shown below where v, is defined to be v,, — v,, and all pmos transistors have V,,, = 0.2V

while all nmos transistors have V,,, = 0.25V. Also, Vey = 1V and Ips = 100uA.

Vop =2V

(a) Find the small-signal gain v, /vy

th — 703V
ro3 = roq = T0kQ2

th - 025V
fo1 = rop = 50k
ro5 = 60kQ

(b) Assuming the small-signal gain is so large that you can ignore the voltage swing on the input differential
signal, find the max and minimum output voltage for v,, such that transistors remain in the active region.

Solution

(a) This a balanced circuit so we can find the gain of the half circuit M;/M; assuming the source of M; is

grounded.

In this circuit, v,/via = —(von/(vid/2)) due to the following...
Define A1 = von/(via/2) (A1 is a negative gain)

Von = A1(Vig/2) and v,p = A1(—vig/2)

Vo = Vop — Von = —A1(vig/2) — A1(vig/2) = —A1vig

So v, /vig = —A; where A; is the negative gain of the half circuit.

Carrying on, we have

Ip1 = Ips/2 = (100e — 6)/2 = 501A

gm = (2% Ip1)/Voun = (2% (50e — 6))/(0.25) = 400pA/V

Ro = ro1||ro3 = (50€3)||(70e3) = 29.17kQ

Von/(Vid /2) = —gm1 * R, = —(400e — 6) * (29.17e3) = —11.67V/V
Vo/Vid = —Von/(Vid/2) = —(—11.67) = 11.67V/V



(3]
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Vo/Via = 11.67V/V

(b) With the assumption of a very large small-signal gain, we can assume the input voltage remains at the
common-mode voltage, V.

The maximum voltage for v,, occurs when M, is at the edge of triode/active. This occurs when the drain of
M, one threshold voltage higher than the gate of M, (in other words, higher by |V,,|).

Vop,max = VB2 + |th‘ = (15) + ‘(—03)| =18V

Vop,max = 1.8V
(another approach is to look for Vsp of M, reaching the overdrive voltage)
The minimum voltage for v,, occurs when M; is at the edge of triode/active. This occurs when the drain of M,
is one threshold voltage below the gate of M,

Vop,min = Vem — Vin = (1) - (025) = 0.75V

Vop,min = 075V

Q3. Consider the circuit shown below where all nmos transistors have V,,, = 0.15V, all pmos transistors have

Voo = 0.3V and Ips = 100uA. Assume M; /M, are perfectly matched but M;/M, have a V; mismatch of
AV, =5mV.

Vbp

Based on a small-signal analysis approach, find the input offset of the amplifier (the sign of the offset is
unimportant).

Solution

If all transistors are perfectly matched, Ip; = Ipp = Ips = Ips = 50uA.
gm = (2% Ip1)/Voun = (2% (50e — 6))/(0.15) = 666.7uA/V
gm3 = (2% Ip3)/Voyp = (2 % (50e — 6))/(0.3) = 333.3uA/V

If there is a AV; mismatch between M;/M,, then this is equivalent to M3/M, remaining matched but having
a differential voltage of AV, being applied between the gates of M3/M,. In this way, M5/ M, are a differential
pair of transistors with an input differential signal of AV;. (Call this input signal 1). So we have
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Vo1 = Vop — Von = gm3'r\)oA Vi
where R, = rp1]|fo3

The input offset voltage, Vos, is defined to be the input differential voltage applied to the gates of M; /M, that
will force v, = 0. So this is a second input signal that would result in the output signal being

Vo2 = Vop — Von = Em1RoVos
and we require that

Vo1t Vo2 =0

which results in

8mRoAVy = —gm1Ro Vos

Vos = —(gm3/gm1)AV;

and ignoring the sign, we have

Vos = (gm3/&m1) * AV = ((333.3¢ — 6)/(666.7¢ — 6)) * (5e — 3) = 2.5mV
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Constants:

NMOS:

PMOS:

Accurate:

gmlo >1

Diff Pair:

1st order:

Freq:

Miller:

Mos caps:

Feedback:

Pole Pair:

Power Amps:

2-stage opamp:

Equation Sheet

k=138x%x10"23) K_l; g = 1.602 x 10—19C; Vr = kT/q ~ 26mV at 300K; ¢g = 8.85 x 10~12 Fm_l; kox =
3.9; Cox = (kox€0)/tox; w = 2mf

kn = MnCox(W/L); Vin > 05 vps > 0; Vo, = Vs — Vi

(triode) vps < Vo ; vp < v — Vi ip = kn(Voyvbs — (v%5/2)); ras = 1/(pp Cox(W/L) Vo)

(active) vps > Vo ip = 0.5k, \/02‘/(1 + /\,,V/Ds); V/DS = vps — Vou;

8m = anov = 2ID/Vov =V 2anD! rs = 1/gms ro = L/(|)\n/‘ID)

kp = ,UpCox(W/L); th <0;vsp > 0; Vo, = Vsg — |th‘

(triode) vsp < Vo5 vp > v + | Vipl; ip = kp(Voyvsp — (véD/Z)); ras = 1/(pp Cox(W/L) Vo)

(active) vVsp > Vov; iD = 0.5k V2 (]. -+ |/\P‘V§D); VgD = Vsp — Vov

P ¥ ov

8m = kpvov = 2ID/\/ov = 2kaDa rs = 1/gm; ro = L/(|>\p/‘ID)

Rout Vo

Vi o——l Vi O—I Rp Rout
Rs Rout - —L__I

= 4
Rout:ro+(1+gmro)RS Rout:(ro+RD)/(1+gmro) Rout:ro
isc:(_gmroVi)/(ro+(1+gmro)RS) isc:(gmrovi)/(ro+RD) Isc = ((1+gmro)/ro)vi
Voc = —8mloVi Voc = (gmrovi)/(l +gmro) Voc = (1 +gmro)Vi
Rout = (1 +ngS)ro Rout = (1/gm) + (RD/gmro) Rout = 1o
Isc = _Vi/((l/gm)+RS) isc:(gmrovi)/(ro+RD) isc:ngi
Voc = —8mloVi Voc = Vi Voc = BmloVi

Ad = gmRp; Acm = —(Rp/(2Rss))(ARp/Rp); Acm = —(Rp/(2Rss))(Agm/&m);
Vos = AVy; Vos = (Vov/2)(ARp/Rp); Vos = (Vov/2)(A(W/L)/(W/L))
Large signal: ipy = (1/2) + (I/Vioy)(Via /2)(1 — (Via/2 Vi, )?)*/?

step response y(t) = Yoo — (Yoo — Y0+)e—t/‘r;

unity gain freq for T(s) = Am/(1 + (s/w3ag)) for Ay > 1 = we >~ |Am|wsas
(1+s/z1)(1+5/2)...(1+5/zm)
(1+s/w1)(1+s/ws)...(1+ s/w,)
OTC estimate wy ~ 1/(>_ 7;); dominant pole estimate wy >~ 1/(Tmax)

for real axis poles/zeros T(s) = kg

STC estimate w; ~ > 1/7;; dominant pole estimate w; ~ 1/(Tmin)
Z1=Z/(1-K); Zo=2/(1-1/K)

Cgs = (2/3) WL Cox + WLoy Cox; ng = WLo, Cox; Cap = CldbO/\/ 1+ de/VO;
we = 8m/(Cgs + Cga); for Cos > Coq = fr ~ (3uVoy)/(4L?)

Af = A/(]. + Aﬂ), Xi = (1/(1 + Aﬂ))Xs, dAf/Af = (1/(1 + AB))dA/A, WHFf = wH(l + Aﬂ), Wwrf = wL/(l + Aﬁ),

Loop Gain L = —Sr/st; Af = AOO(L/(l + L)) + d/(l + L); Zport =Z "((1 + LS)/(l + LO)): PM = ZL(jwt) +180;
GM = —|L(jw1so)db>

!/

Pole splitting wy; >~ 1/(gmR2CrR1); win =~ (gmCr) /(GG + G (G + G2))

s2 + (wo/ @)s + w?; @ < 0.5 = real poles; Q > 1/+/2 = freq resp peaking

Class A : 7y = (1/4)(Vo/IRL)(Vo/Vec); Class B : 1y = (1/4)(Vo/ Vec); Pon.max = VEc /(T2 RL);
Class AB : ipip = 12; Ig = (Is/a)e"es/CVD); 2 — iy — 12 =0

W1 =~ (R1GmaRaCe) ™ wpa = Gma/ Gy wy = (Ce(1/Gma — R)) 74

SR =1/Ce = wiViy1; will not SR limit if w, Vo < SR



