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Chapter: AFX 'V'ariable

this is the Best-of-AFX Phase-Filter Circuit Design

Non-Resonant Dual-Notch Phase-Filter-
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*rRkkkk  Goals achieved in AFX-'V’ :
*** (1) Simpler design,

*** (2) Simpler construction,

***  (3) Simpler adjustment.

*** (4) Enhanced Variability f(0)

Continued Design features from AFX:

*** Improved design from building-block modules
3 Filters are Q=3, 1 Filter Q=5,
all R(freq) aprox. Same.
Enables use of single control of four R(freq) stages.

*** Desighed so that the High ‘Q’ Sharp Filter is also variable
within the main band-pass.

*** Designed so that the Dual-Notches
are < -60 dB and the Stop-Band < -100 dB .
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Design choices:

*** Simple repetitive application of

Modified Deliyannis-Friend-Multple-FeedBack design.

** MFB topology was chosen because :

kkk

kkk

kkk

(1) input vs output impedances match well,
loading is naturally controlled.

(2) single resistor frequency control each stage.

(3) frequency adjustments alters gain
by only the square-root of the f(change) .

Just for reference:

Delyannis-Friend Multiple-Feed-Back design

MULTIPLE FEEDBACK BAND-PASS DESIGN
EQUATIONS
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Delyannis-Friend Multiple-Feed-Back design



Chapter: AFX_pFilter_1_AFV 210807 3/10

Circuit: "AFX-V-3RL-v4F-D-vQ-Fet-
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Bode Plot: AFV-3RL-v4F-D-vQ-Fet

Roofing Filter Output is (red), very wide
which contains the variability of the central f() signal
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**x* Below : shown adjusted 600Hz , 700Hz , 800Hz
*kxkx Notice that the peak amplitudes of the final signals
stay within 0.3 dB of the f(700) signal.
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variability of the central

f() signal
Notice that the 600 --- 800 waveforms
have good central Band-Pass shapes.
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Bode Plot: advanced AFV circuit utilizes
Three Triad-Roofing-Differential Filters for for max sideband control.

*+* Dual-Notches are very Deep and Octave Stop-Band very low.
*** Main Filter f(0) is Variable 600 - 700 - 800 by user in real-time.
*** Sharp Q=20 filter is variable within the selected PassBand.

*** Here, the R(freq) is currently controlled by one R(freq) Pot,
which can be mounted on the front panel, for real-time control.
*** The Four FET controllers are driven by a single Voltage Source,
controlled by a Panel Mounted Pot.
*** Front Panel Rotary Switch allows User
to send any stage into the Audio Section.
*** Front Panel Switch
can be utilized to drive FxQ20 from any filter stage.

AFV-1RLV4F-D-VQ-test-F3-5-3 Simulation
PartSim Simulation Cllent
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Magnitude Plot: AFV-3RL-v4F-D-vQ-Fet
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*k At 900 Hz, the Red Dot on Notch
indicates -86 dB attenuation for the f(700) trace .
Trace to 1400 Hz is -76 dB attenuation.
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Circuit: AFV-3RL-V4F-D-VQ-Man-

Fhkiokk AFX ‘V’ with MANUAL TUNING
via Four 5K rear-panel mounted pots.

Designed to control all four Filter f(0), 600 Hz to 800 Hz, manually.

This is the Simplest approach and meets requirements.
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AFV-3RL-V4F-D-VQ-Man-$-313-180113-0505 Specs :
1(600) Notches = 460 Hz and 810 Hz
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circuit: Sample: 'AFV_3RL-v2F-vQ-v1-S'
This simple circuit was NOT spectacular

but was given a fair test.

... Goal was to prove the use of only Two MFB filters

which would require only a single dual-Pot for control of f(0)..

*** AFV_3RL-v2F-vQ-v1-S design:

*k* (1) with Three Roof Filters

*+x(2) with only Two MFB filter stages

*kx (3) with R(freq) controlled by a Two-Gang Pot

ke
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Results: use of only Two MFB filters
which would require only a single dual-Pot for control of f(0)..

... Dual Notches could not be well developed
when using only Two MFB filters.
... More Phase-Alignment in the filter module
is required to generate the Dual Notches.
... Therefore,
No notches are presented in the below plots,
and this is the best Bode Plot .
The Sharp Band-Pass comes from the two Q=3 final filters.
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AFV_3RL-v2F-vQ-v1-5-1 Simulation
Farim Simaton Clent

mmmmmm
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Chapter: AFX Filter "T"

Non-Resonant Dual-Notch Phase-Filter-

An AFX filter
Emphasizing the Roofing Filters “T” to supress the sidebands

***  Triple Roof-Triad-Differential Filters preparing the signals
Fodok to drive a single Q=7 MFB bandpass filter
*** Triple Roof-Triad-Filter is 1400 Hz = -76 dB per octave.

*k*x Last stage Q=7 MFB is 1400 Hz = -98 dB per octave.
*** Last stage Q=20 MFB is 1400 Hz = -110 dB per octave.
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*** Roof-Triad-Filter info :
*** all sections with same f(0) and same components .
*** design is very tolerant of minor component variations .
*** “cQ” is the calculated ‘Q’ for each stage :
f( 585 ) cQ=3.0 R( 5800)
f( 700 ) cQ=3.0 R( 4000)
f( 830 ) cQ=3.0 R( 2800)
*** “mQ” is the measured ‘Q’ accumulated through to the last stage.
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Circuit: AFT_v1-3-S-pl

*** Triple Roof-Triad-Differential Filters plus one Q7 Filter.

HIRD Roof Triad : 98 B por Octave AFX_ALFA-S4-0748 ROOF -

- File_45927.
FIRST Roof Triad circut
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Results: AFT_v1-3-S-pl

Roof Results: FIRST Roof Triad
Sk ks sk ok Sk ok sk sk sk Sk ok sk sk ke sk Sk ok sk sk sk sk Sk sk sk sk sk ok Sk sk sk sk sk sk sk sk sk sk sk Sk sk sk sk sk sk ok sk sk sk sk sk ok sk k
calc design BW=325 Hz at -3dB
*+* je , 700Hz=0dB , 1400Hz=-26dB
*** je , 700Hz=0dB , 350Hz=-13dB
*x* SideBand FallOff is -26 dB per Octave;
Skeskokskskokskskok ok sk sk ok sk skok sk skok sk sk ok sk sk sk sk sk ok sk skok sk sk sk sk sk k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok

Roof Results: SECOND Roof Triad

calc design BW=325 Hz at -3dB

*** je , 700Hz=0dB , 1400Hz=-54dB

*** je , 700Hz=0dB , 350Hz=-15dB

*+* SideBand FallOff is -54 dB per Octave;
Skakskskokskokokkokokokokok sk sk sk sk sk sk sk sk ok ok ok sk sk sk sk sk sk sk sk ok ok ok ok ok ok sk sk sk sk sk sk kok sk ok sk sk sk sk sk sk

Roof Results: THIRD Roof Triad

calc design BW=325 Hz at -3dB

*** je , 700Hz=0dB , 1400Hz=-75dB

*** j@ , 700Hz=0dB , 350Hz=-18dB

*x* SideBand FallOff is -75 dB per Octave;

k3kk Design for sharp Filter Skskoksk sk skskksk ok sk ok sk sk ok sk ok sk sk sk sk >k sk >k
calc Design Final MFB filter, Q=7
** BW = 100 @ -3 dB range=100---225, v=14,
**x* 1000 Hz=-45dB ,,, 1400 Hz = -98 dB

skokskokokokokokskok sk sk sk k dkk ok skok sk ok sk ok sk sk sk sk sk sk sk k ok sk ok sk ok sk ok sk sk sk sk sk ok sk sk ok sk ok sk ok sk ok skok

*x* Cumulative Results after the Sharp Filter
*x cumulative measured results : Q=20
** cumulative measured -98dB per octave
** BW = 35 @ -3dB, range 35---126, v= 10,
**x 1000 Hz=-75dB ,,, 1400 Hz = -110 dB

Skokskskokokkskoskok sk sk ok sk sk ok sk skok ok sk sk ok sk sk ok sk sk ok sk sk ok Sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk
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Bode Plot: AFT _v1-3-S-pl

Triple Roof-Triad-Differential Filters plus one Q7 Filter. .

Most complex waveforms displayed.
Red trace is Q=7 signal Before Roofing Filters.
trace is Q=7 signal After Roofing Filters.

Subcircuit | mapont x| Acanaiysis x | mom.
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AFT-v1-3 Simulation =
Partsim Simulation Cllent

vm(netfx04)

Frequency : 1.4 kHz
1v || Voltage ~ : 11.623 uv

£ \\
s Z / %/ Q ‘\\\\
ov /// \

*** Notice the Roof Filters contribute to sideband suppression.

"‘ Vet ‘

AFT_3RLF-Q-v1-5-2 Simulation
ParSim Sinulton Clert
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Circuit: AFT_V1-3-S-p1

a Developed ‘AFT’ Circuit
*** No Dual Notches ***
with PreAmp + three Roof-Filters + Active-Limiter + Q20 Filter + Audio :

AFT_3RLF-Q-v1-5-1-161209-0353

Circuit: for single Narrow Filter:

€050 _ 110y
ma-s0

Ri= {13700
R2- 2320
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Bode Plot : AFT _v1-3-S-p1l

AFT_3RL-Q-v1-5-7 Simulation

PartSim Simubation Cliert
vm(netq20_b)
W H Frequency : 697.892 Hz
Voltage 1 946.303 mV
900
800 m — |
700 m
500 m
500mV

Voltage

T T T T T T T T
80 400 Hz asohz 500 Hz 5501z 600 Hz 650 Hz 700 1z 750 Hz 800 Hz 850 Hz 900 hz 950 Hz 1kHz  L0SKHE LikMz  LiskHe  L2kmz 125k L3kMz  135kHz Lakwz

f(0) adjusted 600 - 700-- 800




Chaper : AFX_pFilter_2_AFT ..210807... 7/7

kokokokokokokskkokkskok sk sk ok ks kok sk kok sk sk ok sk sk ok ke sk ok sk sk ok sk sk ok sk sk sk k sk kok sk sk ok sk sk ok sk sk kk sk kok sk kok >k k

kokokokkokok sk kok sk sk ok ok skok ok sk ok ok sk sk ok sk sk ok ok sk ok ok sk sk ok sk sk ok sk sk ok ok sk ok ok sk sk ok sk sk ok sk sk ok ok sk ok k sk kok sk sk ok k sk ok




Chapter : AFX_pFilter 3 APC_ 210903 1/14

chapter: All-Pass Band-Pass Filter

Phase-Filter Non-Resonant Dual-Notch

We examine a Phase-Filter-built from All-Pass Filters

Circuit: AFC core
1Lo-12Hi All-Pass

Some Electrical Theory
fromm common Electrical Enginering textbooks :

First-Order Allpass Phase Response (let ¢ = r-cfﬁ)

rsin{w — o)

T
=
e
<=
I

N2 /H ((ej“') = —w—2tan"! [

g=0%
g=035
g=00
g=-035
g=-0%

V1 O —{ 1\ aut

-04 -0.2 0 0.2 0.4
[normalized frequency] (A —-

—wda

"The All-Pass filter has frequency responses
which must be zero at w=0 and at w=pi." wiki

1 —rcos(w—6)

|


http://www.geocities.ws/glene77is/GC_ET_AP_files/All-Pass_Schem_01.gif
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This paper presents

a Non-Resonant Dual-Notch Phase-Filter
producing a Band-Pass function
as an “ngSPICE project”
produced via the PartSIM.com browser based Simulator.

Introduction:

In all researched texts, the traditional academic texts specify
that All-Pass filters CanNOT be used

for Low-Pass nor High-Pass functions,

nor for Band-Pass functions.

*** However, the author has developed
working Dual-Notch Band-Pass circuits
** which utilize the All-Pass Filter
in both LoPass and HiPass configurations

A - e——

2ALR Bl®

E AP24-2F-20F-5um-S5-413-1AP24-Dev-24F-sum-5-411-1 Simulation Legend info | =

*** Raw All-Pass

ETe

‘AP24-Dev-S-401-sum-03 Simulation
Partsi Simutation Cient

tr* Bode Plot
of “APC"” circuit
All Vout signals

Wiage
s : 5 3
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In this #1 circuit,
f(Lo) = 700 Hz and f(Hi) = 700 Hz
This accentuated the "w" notches at :
each "0" point
each "pi" point
in the spectrum.

*** |In the #1 fully developed working circuit,

*** based on normal f(Lo) = 700 Hz and f(Hi) = 700 Hz

***  we preceeded and followed the All-Pass array

**  with Multi-FeedBack Band-Pass OpAmp filters

***  to reduce unwanted side-band signals ( away from f(0) = 700 Hz ).

kkk

*** Experiments were done using the"UnBalanced" design
***  with (1) AP-Lo at 700 Hz and (12) AP-Hi at 700 Hz

***x  to observe the patterns ,with good results.
Skksk

*** Our design is presented here.

**x (with (1) AP-Lo at 700 Hz and (12) AP-Hi at 700 Hz )
k3kk

700 Hz All-Pass resonance is based on R=10K and C=23nF.

*  All observations confirm the validity of this design.
Skokskskok ok sk sk sk ok sk sk ok ok sk sk Sk ok sk sk ok ok sk sk sk ok sk sk sk Sk sk sk sk ok sk sk sk Sk sk k sk Sk sk sk sk Sk sk sk sk sk ko sk sk sk ko sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok
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Circuit: #1 Developed working circuit , on next page
***x Using the "UnBalanced" topology
*** ONE f(Lo) = 700 Hz and Twelve f(Hi) = 700 Hz .

*** 700 Hz resonance is based on R=10K and C=23nF.
%

***  Combined Lo and Hi to produce
** a Band-Pass Filter Signal.

*** U09 and U10 are Voltage Buffers.

**kx U23 “APadjust” is a voltage-combining circuit.
***  Combining f(Lo) and f(Hi)

***  to produce a Dual-Notched Filter Signal.

*** Final Filters: Fx02 Q=5, and Fx03 Q=10
pull out a very usable Narrow Dual-Notched Band-Pass signal.
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Circuit: “APC” (AP24-1RL-1F-12F-Unb-Sum)

AP24-1RL-1F-12F-Unb-Sum-$-423-21-210827-1536

All-Pass BW = 138 @ -3dB Design Format:
All-Pass BW = 192 @ -64B

PreAmp=1
Roof=1
AP Lo Notch = -60dB @ 530Hz Limlor =1
AP Hi Notch = -58dB @ 500Hz Filtr Stages = 1
e All-Pass = 24 parallel
Fx02-B BW =118 @ -3uB= Flter Stages =2
Fx-02.8 BW = 166 @ -6dB . AP-Mods = Band-Pass.

Fx Lo Notch = -65dB @ 530Hz
Fx Hi Notch = -63dB @ 900Hz

ResearchGate.Net ,

Glen Ellis : Univ Tenneessee, Memphis, TN ,

Mark Sitkowski, Ph.D. Design Systems Ltd., Australia,

Joseph Puncochar, Prof, VSB-Technical University of Ostrava Czech .

s ey Net_HI_

AllPass Low =692 Hz=700Hz : C=23nf : R=11.8K
YO (it I AllPass High = 692 Hz =700 Hz : C=23nf : R=11.8K

Fx02 are same.

ma=3.0 "k i

Dual-Notch Gen

m w

o AP_Adjust
1 R147

10k W

AllPass
out

Fx-02_cQ=3 NPz Fx-03_cQ=10  wetrcun
X y -«

w4 -y

68209
4900

136420

Narrow
Filter OUT

All-Pass Non-Resonant Phase-Filter
which produces Dual-Notch Band-Pass.

€Q=5.0_ (700)

Calculated "Q" = cQ mQ=7.8 __ BW=90
Measured "Q" = mQ R1 = 113700

R2 =2320
R3 =227350

R3 = 181,891 Ohms

Band-Pass
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Below:

Detail: APC

All-Pass module generates Dual-Notches :
The All-Pass-Lo and the All-Pass-Hi are Buffered and Summed

to generate the Narrow Dual-Notch Pass-Band. .

AllPass Low = 692 Hz = 700 Hz :

AllPass High = 692 Hz = 700 Hz :

RE=10K

RE=10K

Dual Notch Bode Plot generated from this stage.

Below:

Detail: APC

2835 QW jease 2I.2.7

Hi ‘Q’ Filters sharpen the Band-Pass inside of the Dual-Notches :

68209
4012

Final Filter 03 and Filter 04

Post Hi'Q' = Fx-02_cQ=3

ey
:

aodll 136420

R34

1

Post Hi'Q' = Flx-
i

uz
19

- =
} |
100t
R3

e 1001
Riffreq) 2750 /2320 /1920 '—”—'

~AN

Q12

WA |

190k 5 o
1370
faaz |

Riteq) 2750 12320 1920 12

03 cQ=10

are for producing an enhanced Narrow Band-Pass.

Calculated "Q" = cQ
Measured "Q" = mQ

cQ=3.0 _ f(700)
mQ=6.3 _ BW=105
R1 = 68,209 Ohms
R2 = 4,012 Ohms
R3 = 136,419 Ohms

€Q=10 __f(700)
mQ=10.5 _ BW=60
R1=190K
R2=1370
R3=383K
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Notes: AFC

H#H Bode Plot: Yellow trace is AllPass output.
HH#H#

### Plots LiteBlue, Red, DarkBlue show Filter-02 Q=3
when tuned +/- 70 Hz ( -3dB )
### within the All-Pass Output Yellow Trace.

### The flat-topped trace is the "Roofing-Filter"
which preceeds the Limiter circuit,

### Notice the -27 dB per Octave attenuation of side-band signals,
outside of BW=350Hz.

*** This Version used Fx-02 Q=3 (red ) and Fx-03 Q=10 ( narrow blue )

*** Scale : 700mV = -3dB ; 500mV = -6dB
*** Notch High 900 Hz = -53 dB, Notch BW = 360 Hz

Bode plot : AFC

*** Notice the Dual-Notches Red trace, around f(0)
ok trace is the final filter, with Sharp Band-Pass.
*** Notice: Fx-02 Q=3 and Fx-03 Q=10
are for extremely narrow Band-Pass, inside of Dual-Notches.

wvminet_sp_out) AF¥-1RL-AP24-2F-5-unbal-401-9 Simulathon _ =
= PartSim Semletion Clerm
Frequency : 300.665 Hz
Veltsge ;2,384 my
Fo Ty
|

908 my

6y

i
H

wasge
H

.......
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Magnitude Plot : AFC

*rx Below : J=REe) trace is final Q=20 result
shown is the f(0) changed +\- to -3dB points.

*** £(0) Shifts are confined to the AllPass Ouput plot.
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Magnitude Plot : ** Magnitude Scale readings : V = -dB

Subcimut | maport w | ACansiyais w | soM |

preery

= et ol outl) T —
R oot CIEE="" 5.5

AFX-1RL-AP24-2F-5-unbal-401- 10 Simulation M =
o

PartSim Samutaton Cieed

*** Magnitude Scale readings : V = -dB
These Band-Pass signals-are NOT a Gaussian Shape.

*+* Yellow trace Filter-03 at Hi-Notch = -70 dB
*** Yellow Spreads at the rate of 5.2 Hz per -dB attenuation
( aprox “Brick-Wall” ).
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circuit: AFX_3RL-F8AFQ

### Special Advanced All-Pass Band-Pass circuit
combining AFX and APC concepts.
*** Two Variable MFB Filters
with 8 All-Pass stages inserted in the middle
An effective combo-design, which is simpler
but not as effective as the AFX'V'-3RL-V4F-D-VQ version.
Result One Dual-Pot can control f(0) +/- 75 Hz,
reading at the -3dB level.
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Bode Plot : AFX_3RL-F8AFQ

( vm(netsf04) ) AFX-FBAFQ-5-23T Simulation
PartSim Simulation Client

Frequency : 697.892 Hz

Voltage :1.014 Vv

44444

Results: AFX 3RL-F8AFQ with Dual-Notches.
*** Compared to the AFX'V' ("AFV-3RL-V4F-D-VQ" version )

(1) BW @ -3dB is wider ;
160 Hz vs 90 Hz.

(2) Dual Notch BW is wider ; 380 Hz vs 330 Hz.
but the FX Q20 will narrow this to 35Hz.

(3) Variability of f(0) is much narrower ; +/- 75 Hz is good ( at -3dB ),
vs +/- 100 Hz for the AFX'V’ versions.
At f(700 Hz) , +/- 75 Hz is similar to +/- one piano note.
Changing the f(0) of the All-Pass stages and/or the gain of AP stages
(1) will change the f(0) of the AP notches up/dn factor of 2.
(2) will change the Band-Width of the notches w/n factor of 2..
F(700) is best freq for the intended usage of this Filter Circuit,
and is a compromise the author selected for this project.

(4) Variable f(0) controlled physically
by a Single Panel-Mounted dual-gang Pot
is a good feature, even if not very much variation.



Chapter : AFX_pFilter 3 APC_ 210903 12/14
Magnitude Plot: AFX_3RL-F8AFQ

Magnitude Plot clearly shows the Notch Depth
while shifting f(0) +/- 100 Hz

*+* Notch Generator freq tracks with f(0)
¥k at +/- 100 Hz

ropok Fx(100Hz) is -0.5dB down

ok Fx(35Hz) is -1.0dB down

rokk At f(700) normal settings
Deep Notch (\EIlM/Black trace)
is -82 dB 920Hz.

[ dovinet q20.md) | AFX-F8AFQ-5-324-1 Simulation (i) =
{Frequency . 916.114 Hz PartSim Simulation Client
Voltage :-82.892V
TV _____...7 /;7 Q*—-—-_______
25V ; %_\/ﬂ/ - N‘\ \\‘\\1“*——-——1
\
;é‘ 15V // /#/ \\\/_\\ \ih\
i - %/ :\ \§

400 Hz 500 Hz 600 Hz 700 Hz 800 Hz 900 Hz 1kHz 1.1 kHz 1.2 kHz 1.3 kHz

Frequency

1.4 kHz



Chapter : AFX_pFilter 3 APC_ 210903 13/14

note:
¥ Also authors explored the "UnBalanced" ( 7 Hz and 700 Hz ) approach.
*k  The All-Pass-Lo is tuned to 6.20 Hz (aprox. 7 Hz)
¥k The All-Pass-Hi is tuned to 692 Hz. (aprox. 700 Hz)
Rk Results: equal success in circuit performance.
*** Further experiments were done using the"UnBalanced" design
***  with f(0) at 70, 137, 175, 350, 650 Hz vs. 750 Hz
to observe the patterns, with good results.
kkk
*** Further experiments were done using the"UnBalanced" design
0k with filter pairs of 2, 4, 6, 8, 10, 12, 14, 16, 18, 24
to observe the patterns ,with good results.

*+* These circuits are not discussed in this paper.
Skeskeskskok ok okksk ok ok ok sk sk k ok ok sk sk k ok ok sk sk sk ok ok sk sk skk ok ke sk skok ok sk ke kosk sk ok ke sk sk sk ok ke skesksk ok sk ke ke sk sk ok sk sk sk sk ok sk sk sk kok ok



Chapter : AFX_pFilter 3 APC_ 210903 14/14

PAGE LEFT INTENTIONALLY LEFT BLANK FOR HARDCOPY VERSIONS OF THIS DOCUMENT

kkokokokokskoksk sk okokkok sk kok sk kok sk ok k sk ok sk skok sk ok ok sk ok k sk ok sk sk ok

Skokokokokokkokkkkkkkkk sk sk sk k sk sk sk sk sk sk sk sk sk sk sk k sk ok >k ok kk >k



	********************************************************************** In this #1 circuit, f(Lo) = 700 Hz and f(Hi) = 700 Hz This accentuated the "w" notches at : each "0" point each "pi" point in the spectrum. *** In the #1 fully developed working circuit, *** based on normal f(Lo) = 700 Hz and f(Hi) = 700 Hz *** we preceeded and followed the All-Pass array *** with Multi-FeedBack Band-Pass OpAmp filters *** to reduce unwanted side-band signals ( away from f(0) = 700 Hz ). *** *** Experiments were done using the"UnBalanced" design *** with (1) AP-Lo at 700 Hz and (12) AP-Hi at 700 Hz *** to observe the patterns ,with good results. ***
	*** Our design is presented here. *** ( with (1) AP-Lo at 700 Hz and (12) AP-Hi at 700 Hz ) *** Correction to schematic : R6 = 10K for resonance at f(700) 700 Hz All-Pass resonance is based on R=10K and C=23nF. * All observations confirm the validity of this design. **********************************************************************
	Notes: AFC ### Bode Plot : Yellow trace is AllPass output. ###
	### Plots LiteBlue, Red, DarkBlue show Filter-02 Q=3 when tuned +/- 70 Hz ( -3dB ) ### within the All-Pass Output Yellow Trace. ### The flat-topped trace is the "Roofing-Filter" which preceeds the Limiter circuit, ### Notice the -27 dB per Octave attenuation of side-band signals, outside of BW=350Hz. *** This Version used Fx-02 Q=3 ( red ) and Fx-03 Q=10 ( narrow blue ) *** Scale : 700mV = -3dB ; 500mV = -6dB *** Notch High 900 Hz = -53 dB, Notch BW = 360 Hz Bode plot : AFC *** Notice the Dual-Notches Red trace, around f(0) *** Yellow trace is the final filter, with Sharp Band-Pass. *** Notice: Fx-02 Q=3 and Fx-03 Q=10 are for extremely narrow Band-Pass, inside of Dual-Notches.

