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[5] Q1. Derive the input impedance, R;, for the circuit below.

Rin

Ry = 2kQ

gm = 150pA/V

EmVgs

Grading Table

Solution

At the R;, node, apply a voltage v, and determine i, going into that node and by definition, R;, = vi/ix

Iy = 8mVgs

iRl = 8mVgs = ix

Vgs = Vx — iR1RL = v — ik Ry

Subtituting in for v, in the first equation...
Ix = gm(VX - ile) = ix((l/gm) + Rl) = Vx
Rin = Vx/iX = (1/gm) + Ry

Rin=1/gm+ R1 = 1/(150e—6) + (2€3) = 8.667kQ
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Q2.
Voo = 4V
Rp Vi = 0.33V
1.1kQ An =0
Vo

% O—l M,

For the circuit above, when the dc bias voltage for v; is 0.6V, then the measured dc voltage at v, is 1.8V. Using

the small-signal model, find the change in drain current, Alp when v; goes from 0.6V to 0.63V

Solution

For vj; = 0.6V, it is given that vp; = 1.8V. So we have

Ip = (Voo — vor)/Rp = ((4) — (1.8))/(1.1e3) = 2mA
Voy = Vi1 — Vi = (0.6) — (0.33) = 0.27V

gn = (2% Ip)/Voy = (2% (2¢—3))/(0.27) = 14.81mA/V
AV,' = V2 — Vi1 = (063) — (06) =30mV

Alp = g * Av; = (14.81e—3) = (30e—3) = 444 4uA

Alp = 444 4pA
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Q3. Consider the circuit shown below.

Vbp
L For all transistors
M, V _
Vop 5 |: I—o B4 imz_z%)r;é\ /v
My o Ves
V; o—l M; l_ oV,
L
Ms |—° Vs2
M, I—O Vi1

Find the small-signal output impedance, R,,: and small-signal gain, v, /v;.
For R,,:, do NOT assume g,ro > 1
For isc, assume X\ = 0 (in other words, r, — o0)

Solution

Define R,, to be the impedance looking up into the drain of M,
Since r,4 is the source impedance attached to the source of M,

Rop = roa + (1 + gma * roa) * ros = (20€3) + (1 + (1e—3) x (20€3)) * (20e3) = 440kQ2
Define R,, to be the impedance looking down into the drain of M;

The source impedance attached to Ms is

Ry = ro1l|re2 = (20€3)]](20€3) = 10kS2 leading to

Ron = ro3 + (1 + gm3 * ro3) * Rx = (20€3) + (1 + (Le—3) * (20€3)) * (10e3) = 230kQ
and so the output impedance is given by

Rout = RopHRon = (44063)”(23063) = 151kQ2

Rour = 151kQ
For isc, we assume all r, — oo resulting in all of the drain current of M; going straight to the short circuit output.
As a result,
isc = Gmv; Where G, = —gim1 = —(1e—3) = —1mA/V
and we have

Vo/Vi = Gp % Rour = (—1e—3) % (151e3) = —151V/V
Vo/vi = —151V/V
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Constants:

NMOS:

PMOS:

Accurate:

8mlo >1

Diff Pair:

1st order:

Freq:

Miller:

Mos caps:

Feedback:

Pole Pair:

Power Amps:

2-stage opamp:

Equation Sheet

k=138x10"3JK1; g = 1.602 x 10719C; Vy = kT/q ~ 26mV at 300K; co = 8.85 x 107 12F m~1; ky =
3.9; Cox = (kox€0)/tox; w = 2mf

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

(triode) vps < Vou; vb < vG — Vins ip = kn(Voyvbs — (VAs/2)); ras = 1/(p1p Cox(W /L) Vo)

(active) vps > Vi, ip = 0.5k, V2 (1 + AnVDhs)s Vbs = VDs — Vou;

8m = knvov = 2ID/\/ov =V 2anD! rs = 1/gms ro = L/(|/\n/“D)

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

(triode) vsp < Vov; vVp > vg + |th‘; ip = kp(VovVSD — (VED/2)), rds = 1/(,UpCox(W/L) Vov)

(active) vsp > Vo ip = 0.5k V2 (1 + I)\p‘ng); VgD =vsp — Vo

P ¥ ov
8m = kpVoy =2Ip/ Vo, = \/2kplp; rs = 1/gm; ro = L/(|)\p’\lD)
Vo

Rout
Vi o—-l Vi O—I Rp Rout
RS Rout = ‘L__I

= Vo Vi
Rout:ro+(1+gmro)RS Rout:(ro+RD)/(1+gmro) Rout:ro
isc = (—&mroVi)/(ro + (1 + gmro)Rs) isc = (gmrovi)/(ro + Rp) isc = ((1 4 gmro)/ro)Vi
Voc = —8mloVi Voc = (gmroVi)/(l +gmro) Voc = (1 +gmro)Vi
Rout = (1 +ngS)ro Rout = (1/gm) + (RD/gmro) Rout =Tro
Isc = _Vi/((l/gm)+RS) Isc = (gmroVi)/(ro+RD) Isc = 8mVi
Voc = —8mloVi Voc = Vi Voc = BmloVj

Ad = gmRp; Acm = —(Rp/(2Rss))(ARp/Rp); Acw = —(Rp/(2Rss))(Agm/&m);
Vos = AV:; Vos = (Vov/2)(ARp/Rp); Vos = (Vov/2)(A(W/L)/(W/L))
Large signal: ipy = (1/2) 4+ (I/Vou)(Vig/2)(1 = (vig 2V, )?)Y/?

step response y(t) = Yoo — (Yoo — Yoi)e t/7;

unity gain freq for T(s) = Am/(1 + (s/w3dg)) for Ay > 1 = w; ~ |Ap|wsds
(1+s/z1)(1+s/z)...(1+s/zy,)
(1+5s/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/(7min)

Z1=Z/(1-K); Zo=2/(1-1/K)

Cos = (2/3)WLCox + Wloy Cor; Cod = Wloy Cox; Cab = Cao/\/1 + Van/Vo;

W = gm/(Cgs + Cgd); for Cgs > Coq = fr (BuVoy)/(47L?)

Ar = AJ(1+ AB); x; = (1/(1 + AB))xs; dAr/Ar = (1/(1 + AB))dA/A; wir = wi(1 + AB); wir = wi /(1 + AB);

Loop Gain L = —s, /st Ar = Awo(L/(1+ L))+ d/(1 + L); Zpore = Zpe((1 + Ls) /(1 + Lo)): PM = ZL(jeo;) + 180;
GM = —|L(jw1so)|db;

Pole splitting wy; ~ 1/(gmR2CrR1); wpp =~ (gmCr)/(G1 G + Cr (G + C2))

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

Class A : ) = (1/4)(Vo/IR.)(Vo/ Vcc); Class B : = (7/4)(Vo/Vee); Pon.max = VEc/(72RL);
Class AB : ipip = 13; lg = (Is/c)e¥ee/CVT); 2 — i — 12 =0

Wp1 = (RIGm2R2Cc)71; Wp2 = Gm2/C2; Wz = (Cc(]-/GmZ - R))ila

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



