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ECE512 Analog Signal Processing Equation Sheet

Constants: k = 1.38x 10 JK ;g = 1.602x 107" C; g, = 8.854 x 107> F/m; V= kT/q ~26mV at 300 °K ;
h() isimpulse response of LTI system; H(s) isthe Laplace transform of A() .
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HGo)® = Hs)H(s)|_;, = H(jo)H(o) ; Generdl Lowpass |H(jo)| = 45/(1+F(@?)) ;

s=jo
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Butterworth: F(w’) = sz(wﬂ) DA, = 20log 1+ A < IOIOg[l +sz(£’-) };
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Poleslie on circle of radius cop(l/s)l/N spaced apart by n/N with first half anglefrom jo axis
Chebyshev: (for o, = 1) F(0)2) = SZC,ZV(O)); Cylw) = cos(Ncos_l(oJ)) ol <1 Cyo) = cosh(Ncosh_l((n)) ol >1;
Crny(©) = 20Cy(@) = Cyy (@) ; A, = 20logs/1 +67; 4. < 10log[1 +&”cosh’ (Neosh™ (0,/0,))]
Second-order polynomial: S+ (0y/Q)s + wé ;for 0> 0.5 ; poles complex at radius o, and real partis —w,/(20)
L owpass and highpass: peaking occursif Q> 1/./2 and Opax = Do/ 1— 1/(2Q2)
Bandpass: for complex poles, peak occurs at o, and has 3dB bandwidth of w,/Q

LCR: oy = 1/J/LC; 0 = 0,CR
KHN Biquad: RC = 1/0y; 2((R; | R))/((R, | Ry)) + R)) = 1/0; 2((Ry | R3)/((Ry | Ry) + Ry)) = k

C
Tow-ThomasBiquad: RC = 1/w, ; damping resistor is QR ; numerator is —sz(——l) —s(l) (i —L) -1 -

Noise: Noise equivalent bandwidth = (/2)fy4 5 V() = 4kTR; I{f) = 2q1,; ry = (kT)/(q1,); Ve = (kT)/C

Discrete-Time: X,(s) = Zxc(nz)e’s”f; X@) = yx Dz " p = (-1)/(z+1);z = (1+p)/(1-p); Q = tan(e/2)
Switched-Cap: R,, = T/C; Qcy = -WLC, (Vs = V)
VB

Data Converters By, = b2 +...+527": Vigg = Vie/2" s Vou = VigBin s VeetBow = Vin+ Vo'

Vol <05V g5
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Vaems = Visa/+12; SNR = 6.02N+ 176 Eggpya) = Vou/ Visn|, 7 Eotam) = Vo_or/ Viss =0-5LSB; Ar<1/(27xf,)
N . _ N .
Egainra) = (Vout/VLSB‘lml_Vout/VLSB|0___0)_(2 =15 Egiinamy = V17 Viss = Vo017 Visg) —(27 =2);
Oversampling: OSR = f./(2f,); 0order SNR .. = 6.02N +1.76 + 10log(OSR) ; 1 orderSNR . = 6.02N + 1.76 —5.17 + 30log(OSR) ;
2order SNR, . = 6.02N+1.76 —12.9 + 50log(OSR) ; Sy5(z) = H()/(1 + H()); Npp(2) = 1/(1 + H(2)) ;

M-1 - . .
T () = Al_}zz—i - 1[1 —z MJ T (ej(n) - s1nc(gcoM!/2!; |NTF(e/(0)
i=0

- < 1.5 for 1-bit quantizer stabilit;
ave M _! ave sinc(w/2) d Y
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