Butterworth_6P_Group_Delay

.OPTIONS GMIN=1le-18 METHOD=euler
*

srcsteps

gminsteps = 1

VREF VREF 0 PULSE( -.5 .5 1lu 1lu
.include Butterworth 6P_VCF_400m.txt
.include Butterworth 6P_VCF_200m.txt
.include Butterworth 6P_VCF_100m.txt

Vtime Vtime 0 PWL ( 0 0 40m 12.566370614359172)

BIN VIN 0 v= V(VA)*v(OUTA) + v(VB)*v(OUTB) + v(VC)*v(OUTC)
Bl OUT1 0 v= v(V1S)*sin(l*v(Vtime))+ v(VIC)*cos(1l*v(Vtime))
B3 OUT3 0 v= v(V3S)*sin(3*v(Vtime) )+ v(V3C)*cos(3*v(Vtime))
B5 OUT5 0 v= v(V5S)*sin(5*v(Vtime) )+ v(V5C)*cos(5*v(Vtime))
B7 OuUT7 0 v= v(V7S)*sin(7*v(Vtime) )+ v(V7C)*cos(7*v(Vtime))
B9 ouT9 0 v= v(V9S)*sin(9*v(Vtime) )+ v(VIC)*cos(9*v(Vtime))
Bl1 OUT1ll 0 = v(V11S)*sin(ll*v(Vtime))+ v(V11C)*cos(1ll*v(Vtime))
BALL OUTALL 0 = v(OUT1)+ v(OUT3)+ v(OUT5)+ v(OUT7) +v(OUT9) +v(OUT11)
v1s v1s 0 DC .5

vic vic 0 DC .5

V3s V3s 0 DC .5

v3C v3C 0 DC .5

V5S V5S 0 DC .5

v5C v5C 0 DC .5

V7S V7S 0 DC .5

v7C vic 0 DC .5

V9s V9s 0 DC .5

vocC vocC 0 DC .5

V11s V11s 0 DC .5

v1iC v1lC 0 DC .5

VA VA 0 DC 1

VB VB 0 DC 0

vC vC 0 DC 0

.control

set pensize = 2

foreach PWLNumb 012

if ($PWLNumb = 0)

alter va dc =1

endif

if (SPWLNumb = 1)

alter va dc =0

alter vb dc =1

endif

if ($SPWLNumb = 2)

alter vb dc =0

alter vec dc =1

endif

tran .05m 40m 0 .05m

linearize

set specwindow = "rectangular"

spec 25 1000 25 v(vin)

set sl= im(vin[1l])

set cl= real(vin[1l])

set s3= im(vin[5])

set c3= real(vin[5])

set s5= im(vin[9])

set c5= real(vin[9])

set s7= im(vin[13])

set c7= real(vin[13])

set s9= im(vin[17])

set c9= real(vin[17])

set sll= im(vin[21])

set cll= real(vin[21])

alter vls dc = $sl

alter vlc dc = S$cl

alter v3s dc = $s3

alter v3c dc = $c3

alter v5s dc = $s5

alter v5c dc = $c5

alter v7s dc = $s7

alter v7c dc = $c7

alter v9s dc = $s9

alter v9c dc = $c9

alter vlls dc = $sll

alter vllc dc = $cll

tran .05m 40m 0 .05m

plot vin outl out3 out5 out7 out9 outll outall 1.1*vref

plot vin outl out3 out5 out7 out9 outll outall 1.1*vref

10m 20m )

x1limit 20m 23m



end

.endc
.end

————— END_OF_SPICE

The Butterworth does not have Low Phase Distortion.
This appears as a ringing response to a square wave
on the vin signal.

s NN &) Graph 203 - tran360: Butterworth_6P_Group_Delay
mY " win outl
outs outS
out’? outd
333.3. Tt mranrEmy

1. 1Fwref

GEE @

—A———1
[\pp—SeA

4 : ; \ﬂ

488 .8

2EE 8

o
o
g .
+ .8 |k — T - v.ri 1.--;-"’.'--.1"1
g [oy? A\‘ r
4 Yo

—2EE .3 I S

—408 .8 J

—GEE .|

—20a .8

a.a S.@ 18.8 15.8 28.48 25.48 Z8.@ 35.8

time ms

There are enough harmonics in this plot to reconstruct the
ringing. So it is possible to trace it back to its source.
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Finer resolution of the harmonics reveal that the higher
frequency harmonics have more of a time delay than the

lower frequencies and the fundamental. The components are
not being delay the same amount as a group. Since the phases
of the harmonics are not all lining up, there is phase
distortion.
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This becomes easier to see at a slightly lower bandwidth.
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Here harmonics up to the seventh are still present.
Time delays increase much more with frequency.
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At the frequencies where only the third harmonic
is present, the difference in time delay is large
enough to see without needing higher resolution.



