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A) b) Poles and Zeros

-4.959483412658553e-001

-4.959483412658553e-001
Pl =

7.127B56685302593e-001

7.127856685302593e-001

Biguad 2:

Z2 =
3.B25418155817085a-001
3.825418155817085e-001
P2 =
T.2468789558726074e-001
T.246789558726074e-001

Biguad 3:

Ei m
£.7T8517355%0177820e-001
5.785179550177820a-001
PI =
7.553705105318878e=-001
7.553705109318878a-001

+8.683520270003670e=0011
-8.683520270003670e-0011

+1.653B876720637911e-0011
-1.653876720637911e~-0011

+9.2393B17936883470e-0011
-5.2353B175388340e-0014

+4.320114746276476e-0014
-4.320114746276476e-0011

+8.156696458088302e~-0011
-8.156696458088302e-0011

+5.808504547226241e-00141
-5.80B504547226241e-0011
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% EE247 Homework #4 Boris Murmann Mﬂ‘[’i-ﬁfﬂ Scri }5’1’_ @

% filter specification

clear;

Wpass = Z2*pi*lef; % passband edge [rad]

Wetop = 2%pivl Sab; % start of stopband [rad]
Rp = 0.1; % passband ripple (d48)

Rs = 60; % stopband attenuation (dB)

% sampling frequency and normalized bamnd specificaticns
Wsamp = 2*pi*lleb;

Wp = 2*Wpass /Waamp;

Ws = Z*Wstop/Wsamp;

% discrete time filter zynthesis
[H,wn] = ellipord(Wp, Ws, Ep., Rs);
[oum,den] = ellipi(M, Rp, Rs, Wa):
freqz (num, den) ;

% break up into biguads - matlab provides optimized pole zero grouping
[308,G] = tflsos(num,den)

numl B08(1,1:3);

mum2 = S05(2,1:3);

num3 = S05(3,1:3);

danl = S03(1,4:6);

dan2 = S08(2,4:6);

den3 = S05(3,4:6);

% caleulate O of continous time equivalent secticns
[Z1, Fl, EKl] = tf2zp( numl, deanl );
[22, P2, K2] = tf2zp({ num2, den2 );
[Z3, P33, R3] = t£22p( numi, denl );

sl = (Wsamp/pi) * (PL(Ll)-1) /7 (PL(l}+1);
52 = (Weamp/pi) * {(P2(Ll)-1) / {(P2(l}+1});
g3l = (Weamp/pi) * (P3(1)=1) 7 (PAI(1l)+1);:
QL = 0.5*sgrt({l+(imagisl)/real(sl))"2 )
Q2 = 0.5%sgrt(l+(imagi{s2) /real{s2)}* 2 )
03 = 0.5%agrt (1+(imag(sld) /real{s3) )2 }

% mormalize to positive powers of z and divide by "al" to mateh (5.27) Gregorian
HOM1 = numl [/ denl(3);

NUM2 = num2 /[ den2{3);
NUM3 = pum3 / den3(3);
DEM1 = denl / denl(3):
DENZ = den2 [ den2(3);
DEM3 = den3 [/ den3(3);

% scale for unity gain at DC (z=1) for each biguad
kl = sum(DEN1)} / sum(NUM1):

kZ = sum(DENZ)} / sum(NUMZ);

k3 = sum(DEN3)} / sum{NUM3)};

NUM1 = ki * NUM1;

NUMZ2 = k2 *~ NUMZI;

NUM3I = k3 + NUM3I;

% calculate component values, for Q>3 use hi § circuit
CO=1le-12;
if Ql>3
Capsl = HiQ(NUM1l, DEN1, <0}
alse
Capsl = LoQ(NUM1, DEN1, CO)
end
if Q3>3
CapsZ = HiQ(NUMZ, DENZ, CO}
alse

— PE— -



Capsl
end
if Q3»3
Capsl
alse
Caps3
end

LoQ(NUM2, DENZ, CO0)

HiQ(NUM3I, DENI, c0)

LoQ(NUMI, DEN3, CO)




% Lo Q (Q<3) Gragorian p.286
function Caps = LoQ(NUM, DEN, CO)
a = WUM(1l);

al = NUM{2);

al = NUM(3);

B2 = DEM(1);

bl = DEN(2);

L0 = DEN(3);

£2 = ggrt({bls+b2+l);
3 = agrt(bls+b2+1l);
Clx = aZ-al;

Clsse = al;

€l = (al0+al+al)/C3;
Cd = b2-1;

Caps = CO*[C1,C1s, Clu,C2,C3,04]:;

% Hi 0 (Q>3) Gregorian p.251
function Caps = HiQ(NUM, DEN, CO}
al = NOM(1);

al = NOM(2)

abd = HUM{3);
B2 = DEM(1);
bl = DEM(2);
b0 = DEN(3);
C2 = ggre{ (1l+bl+b2) /b2 );
€3 = sgre( (1l+bBl+b2)/b2 );

Clx = {(az-al) / (b2*C3);

Claex = a2/bl;

Cl = (al+al+a2)/ (b2=C3);

Cd = {1 - (1l/b2)) F C3;

Caps = CO*[C1,Clw,Clyx,C2,C3,C4] 7
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“%% EE247 HW #4 Boris Murmann

simulator lang=spectre

parameters fs=10Mag cl=1p Ron=1 AnpGain=leb
¥

wx% Ffirst loew O section

+cll= 4.529440715720658a-013

+clxls 4.162336342344337e-025% /i =zaroc
+clywwl= 6.B57132507366235e=014

+c2l= 4.529440715720658e-013

+oil= 4.529440715720658a-013

+cdl= 8.677048917763188a~-013

If

“¢% macond low Q section

+cll= 6.072036269121990e-013

+clxi= -8.881784197001252e~028 [/=zeroc
+oclxx2= 2.9BSS596E69872886e-~D13

+cii= 6.07203626591215591e=013

+c32= 6.072036269121951e-013

+ed2= 4.045018365178326e-013

£

**%* hi { section

+cl3= 6€.302625148882051a-013

+clx3s= =2.07923938432706812=-027 [/=zero
+claexd= 4.712310360217251e-013
+02i= 6.302825148882304%92-013
+C33m 6.302625148882045e~-013
+cd3= 1.460155701618134e-013

wu* stimalus

winl {vin 0) +wsource pacmags=l

ffwinl {win 0) weourca type=sine ampl=1 freg=£f=/10

vphil (phil ) wsource type=pulse vall=0 vall=l pericd=l/fs
width=0.45/fs rise=.1ln fall=.ln delay=0.05/fs

vphi2 (phiz2 0) +wsource typespulse vall=0 wall=l pericd=1/fs

width=0.45/£5 rise=.ln fall=.ln delay=0.55/fs

*re circuit

bl {vin wol phil phi2) log pcl=cl pcl=cll pelxx=clxxl pci=c2l
pei=cil pcd=cdl

b2 {wvol woZ phil phi2) log pecl=cd pecl=clZ polxx=clxxZ pci=g22
pec3=ci2 poa=cdz

b3 {wvo2 wout phil phi2) hig peld=20 pel=ell polxx=clwx3 poi=cl3
pe3=c33 poa=cd3

**% gample and hold sutput

cl {vout 0) capacitor c=l00f

bufl {voutbuf 0O vout 0} wvocvs gainsl

52 (voutbuf vo sh phil 0} relay vtl=0 wt2=1 reclosed=1
ropen=100e%

c2 {vo_sh o) capacitor o=100f

**+ gample and hold input (-> sinc response for correction)
511 [wvin vth phi2 0) relay vtlsl wt2=1l rclosedsl
ropen=100ea9

<1l {vth Q) capacitor <=100£

bufll (vthbuf 0 vth 0} wvovs gain=1

21 (vthbuf wsinc phil 0} relay wvtl=0 wti=1 rclosed=1




ropan=100a%
c21 {veine o) capacitor c=100fF

e ST R R RS E S S SR RS SRS S S S SRR RS SRR E RS R AR R R R R R S RS SR REEE R RS SRR R SRR R 2
* Lo & biguad
subckt log (vi vos phil phil)

parameters pol pel polxx pe2 pold pod

£giml {vi E phi2 phil a Bl) rgim_series
Csampspcl

rsim2 {vl n4 phil phi2 n3 B ) rsim series_inv
Czamp=pc3

clxx [wi nd ) capacitor c=pclxx

c2 {nl n5) capacitor c=pc2

cd {n5 b) capacitor c=pcd

switchl [nS ] phil 0} relay vtl=0 wt2=1 rclosad=Ron
ropen=100ed

switehl (§.1-] ve phi2 0) relay vtl=0 vt2=1 relosed=Ron
ropen=100a3

switchl {vos vo phi2 0} relay wvtls0 wtI=l
relosed=Ron ropen=100e%

ampl ivl 0 o ni) vovs gain=AmpGain

amp 2 {vo a o nd} weovs gain=AmpGain

ca (n2 ¥l) capacitor c=pcl

cb ind o) capacitor cw=pcl
ends log

* Hi Q@ biguad
subckt hig {vi vos phil phil)
parameters pcld pecl poclxx pc2 pecld pod

rziml (vi n2 phi2 phil a nl) rzim series
Ceamp=pal

reimd (vl n4 phil phii n3 b )} reim series inv
Csampspc3

el (wi nd} capacitor c=polsoe

o2 (ol ns) capacitor c=pci

cd {nz Vo) capacitor c=pcd

switchl [nS o phil O} relay wvtl=0 wvti=1 rclosed=Ren
ropansl00el’

switch2 {nS vo phi2 0) relay vtled vti=l rclosedeRon
ropen=100e8

switchi (vos o phiz 0) zelay vil=0 vt2=1
rclosedsRon ropen=100e3

ampl (vl 0 0 ni) vove gainsAmpGain

amg 2 {vo g v] nd) vovs gain=AmpGain

ca {n2 wl) capaciter o=pcl

ch (nd o) capacitor c=pcl
ends hig

* gimulated resistor with capacitor in series
subckt rsim series (vl wr phil phi2 nl n2}
parameters Csamp

ce (ml n2) capacitor c=Csamp

sl (vl nl phil 0 } relay vtl=0 vt2=1 rclosed=Ron ropen=100e3
g2 (a1l © phi2 0 )} zelay vtl=0 vt2=]1l relozed=Ron ropan=100ad
853 (m2 © phi2 0 } relay vtlsd vtZsl rclosedsRon ropens=l00ed
=4 in2 wr phil 0 } relay vtled vt2=l rclosedeRon ropen=1l00e5
epl (ml1l 0} capacitor ec=1f

cp2 (n2 0} capacitor o=1f




ends rgim series

* pimulated resistor with capacitor in series and charge inversicm
subckt rsim series inv (vl vr phil phi2 al n2)
parameters Csamp

cs {nl n2) capacitor c=Cgamp

sl {vl nl phil 0 )} relay vtl=0 vti=1 rclosed=Ron ropen=l(0ed
-3 {ml 0O phi2 0 ) relay wtl=0 wti=1 relosed=Fon ropen=100e%
53 {nz 0O phil 0 ) relay vtl=0 vti=1l rolosed=Ron ropen=100e%
=4 {in2 wr phi2 0 ) relay wtl=l wvtlel rclosed=Ren ropen=100eS
epl (ml 0) capacitor e=1f

cp2 (n2 0} capacitor o=1f

ends rsim series inv
2SS S S SRR SRS RS RE RS R R RS R R R iRl R R R iR R R LR LR

pss2 pes fund=£fs maxacfreg=£fa/2 tstab=1/fe/d
pacl pac start=1k stop=fs/2 lin=1000
*tranl tran stop=1l0/fs method=gearionly

geimOptiona options

+ rawEmt=-psfbin
+ reltol=1a-5
+ vabstolsln
+ iabstol=1p

alterl alter param=AmpGain value=1l.2el
pss3  pss fund=£f= maxacfreqgq=£s/2 tstab=1/£s/4
pacl pac startelk stopsfs/2 lin=1000

alterl alter param-AmpGain value=0.5el
pesd pss fund=£c maxacfreg=£c/2 tetab=1/E2/4
pacé pac start=lk astop=£s3/2 lin=1000



