Equation Sheet

Constants: k = 1.38 x 10723 JK~1; ¢ = 1.602 x 10~ C; Vp = kT/q ~ 26mV at 300K; ¢y = 8.85 x 1072Fm~!
kox = 3.9; Cop = (k0$€0)/t0x; w=2rf
NMOS: k, = ﬂ?LOo:c(W/L); Vin > 05 vps > 0; Vo, = Vas — Vin
(triode) vps < Vou; vp <vg — Vi ip = kn(Vm)vDS — (UZDS/Q))
(active) vps > Vou; ip = 0.5k, V2 (1 4+ Avps); gm = knVow = 2Ip [V, = V2knIp; 7s = 1/gm;
ro = L/(IV[1p)
PMOS: k, = 11,Con(W/L); Vip < 0; vsp > 05 Viy = Vg — [Viy|
(triode) vsp < Vo3 vp > v + |Vipl; ip = kp(Vowvsp — (USD/2))
(active) vsp > Vou; ip = 0.5k, V2 (1 + [Mvsp); gm = kpVow = 2Ip/Vey = /2kplp; 1s = 1/gm;
ro=L/(|N|Ip)
BJT: (active) ic = Ige(*s=/VT)(1 + (UCE/VA)) =afre=1c/Vr; re = Vo /Ig; 7 = B/9m; 1o = |Val/lc;
ic =pig;ig=(B+1)ip;a=8/(8+1);ic =caig; Ry=(8+1)(re + Rg); Re = (R +r:)/(B+1)

Ui-l Zsc ~ _<1/gm+RS) 1Ui -| Yo
Rs R, = (1 + ngS)To —E—l Rp

(App_rox due to g,r, > 1) Uoc v - Vi
R, ~1/gm + Rp/(gmro) Vo /Vi R gm(70||RD)
Diff Pair: Ag = g Rp; Acu = —(Rp/(2Rss))(ARp/Rp); Acm = —(Rp/(2Rs5))(Agm/9m); Vos = AVy; Vos =
(Vov/2)(ARp/Rp); Vos = (Vov /2)(A(W/L)/(W/L))

t/T.

A
; unity gain freq for T'(s) = M

M for Ay > 1 =
1+ (s/wsap) M

1st order: step response y(t) = Yoo — (Yoo — Yo4)e™
wi =~ [Ap|wsans
(I+s/z1)14+8/22)...(1+ 8/2m)
(14 s/w1)(1+s/ws)...(1+ s/wn)
OTC estimate wy ~ 1/(>_7;); dominant pole estimate wg ~ 1/
Miller: 2, = Z/(1 — K); Zs = Z/(1 — 1/K)
Mos caps: Cys = (2/3)WLCop + WLoyCoz; Cga =W LoyCor; Cap = Caro/\/1+ Var/Vo;
Wt = gm/(Cgs + ng); for Cgs > ng = ft = (3MVov)/(47TL2>
Feedback: Ay — A/(1+ AB); 2 = (1/(1+ AB))as; dA;/A; = (1/(1+ AB)AA/A; wir = wa(L + AB); wiy =
wr/(1+ AB);
Loop Gain L = —s,/s;; Ay = Ao(L/(1+ L)) +d/(1 + L); Zport = Zpe((1 + Lg)/(1 + Lo)): PM =
LL(jwi) +180; GM = —|L(jw180)|db§

Freq: for real axis poles/zeros T'(s) = kg,

Tmam

Pole splitting wy; =~ 1/(gmR2CfR1); wpa = (gmCr)/(C1C2 + Cf(Cr + C2))
Pole Pair: s? + (wo/Q)S + wo, Q@ < 0.5 = real poles Q > 1/v/2 = freq resp peaking
Power Amps: Class A: n = (1/4)(Vo/IRL)(Vo/Veoe); Class B: n = (7/4)(Vo/Vee); PN maz = VEéo/(mRy);

Class AB: inip = IQ, Ig = (Is/a)eVee/CVr)s 2 g, — I =0
2-stage opamp: wy; ~ (R1GmaRaCe) ™ wpa = Ga/Ca; w, = (Co(1/Gm2 — R)) ™
SR =1/C.=wVy,1; will not SR limit if w:;Vp < SR

MOS TRANSISTOR: CMOS basic parameters. Minimum channel length = 0.18um

V;f MCO$ )\/ Coa: toz Lov CdbO/ w
V] ®A/V?] [pmVT' [fF/pm?] [nm]  [um]  [fFpm”]
NMOS 04 240 0.05 8.5 4 0.04 0.3

PMOS -0.4 60 -0.05 8.5 4 0.04 0.3




