Constants:

NMOS:

PMOS:

Accurate:

gmlo >1

Diff Pair:

1st order:

Freq:

Miller: z;

Mos caps:

Feedback: A

Phase Margin:
Body Effect:

Equation Sheet

k=138x10"2JK 1 q = 1.602x 10719C; Vi = kT/q ~ 26mV at 300K: ¢p = 8.85 x 10" 22Fm~L; kox =
3.9; Cox = (kox€0)/tox; w = 2mf

kn - MI‘ICOX(W/L)i th > 0: VDS > 0; Vov = VGS - th
(triOde) vps < Vou; vb < v — Vs ip = k (VovVDS (VD5/2)); Fds = 1/(MnCOX(W/L) Vov)
(active) vps > Voy; ip = 0.5k, V2, (1 + Apv)s); Vhs = Vbs — Vou;

m =5 k VOV — 2ID/Vov =V 2k ID! rs - 1/gms ro - L/(|>\ ‘ID)

ko = t1p Corl W/L); Vip < 0; Vs > 0; Vi = Vg — | Vey|
(tFIOde) vsp < Vou; vp > vg + |th‘ ip =k (VovVSD (VSD/2)) rds = 1/(MpCox(W/L) Vov)
(active) vsp > Vo, ip = 0.5k, V2 (1 + |Ap \VSD) Vep = vsp — 2%

gm = kpVor = 2Ip/Voy = \/2kplp; 1s = 1/gm; 1o = L/(|A1Ip)

Vo

Rout
Vi O—I 0——| RD Rout
2 1 o

out -

1 Vo Vi

Rout:ro+(]-+gmro)RS Rout:(ro+RD)/(1+gmro) Rout:ro
isc = (—8mfovi)/(ro + (1 + gmro)Rs) isc = (gmrovi)/(ro + Rp) 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)+R5) 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 = AV:; 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 — Youi)e t/7;
unity gain freq for T(s) = Am/(1 + (s/w3ag)) for Ay > 1 = we >~ |Am|wsas
(14+s/z1)(1+5/z)...(1 +5/zm)

(L+s/w)(1+s/w) ... (L+ s/w,
OTC estimate wy ~ 1/(>_ 7;); dominant pole estimate wy ~ 1/(Tmax
STC estimate w; ~ > 1/7;; dominant pole estimate w; ~ 1/(7min)

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

(2/3) WLCox + WLovaa ng - WLov Cox: Cdb — CdbO/\/ 14 de/\/01
gm/(Cgs + Cyd); for Cgs > Cog = fr =~ (3uVo,)/(47L?)

= A/(L+ AS) g = (1/(L+ AB))xs A/ Ar = (L/(L+ A))IA/A; s = (1 + AB): s = /(L + D)
Loop Gain L= —s, /53 Ar = A (LJ(1 - 1))+ dJ (14 L); Zoore = Zoo((1 4 Ls)/(L+ Lo)). PM = /L{jwr) + 180;
GM = *\L(Jw180)|db,
Pole splitting wy; ~ 1/(gmR2CrR1); wpy =~ (8mCr) /(GG + G (G + &)

PM = 90° — tan— (wl/wpg); Kpm = w1 /wp2; wp1 = (Kpmwpa(1 + K,%M)l/2)/Lo
Vi = Vio + Y(V20r + Vsg — V26¢); ¥ = V2qNaes/ Cox; 8mb = X8&m> X = 7/ (2v/2¢¢ + Vsg)

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




