Modular EQ project with gyrators




Schematics and Bill of
Materials for simple EQ
circuits with gyrator filters

This project made to create and try simple and noiseless EQ with circuit called “gy-
rator”. This method is very simple, easy to assemble, and good quality for home hii
systems. You can find very simple 5 band EQ with this method, and modular EQ with
sub-circuits and mainboard for 10 and 5 band equalizer.

Read details, updates, advices on the page of schematics and notes. PCB-s and more
notes, pictures, advices about this project are available on the author's blog and web-
sites:

English blog and PCB order: hitp://custompcb.blogspot.com/
Hungarian blog and PCB order: http://diyguitarpa.blogspot.com/

The Youtube Channel * Picasa gallery ¢ Email: gitarfogas@gmail.com
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Schematics and Bill of Materials for gyrator EQ project
Schematic and BOM of simple “5 band EQ"
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GND File: D:\IWorks\.\5 band gyrator EQ.SchDoc | Drawn By:
1 ‘ 2 3 4 5 ‘ 6
Quantt
Description Value Footprint y Designator Model:Footprint N
Polarized Capacitor (Radial) 10u Cap, Tantal, 1mil 4[C1,C2,C23,C24 Otes
Capacitor 100n RAD-0.3 4|C3,C6,C13,C18 Radial Cap, Thru-Hole; 2 Leads; 0.3 in Pin Spacing
Capacitor 330n RAD-0.3 4[C4,C5,C15,C21 Radial Cap, Thru-Hole; 2 Leads; 0.3 in Pin Spacing h h I h
This the simplest schematic
Capacitor 33n CAP, WIMA, 2MIL 4(C7,C8,C16,C19 p
Capacitor 10n CAP, WIMA, 2MIL 4(C9, C10,C14, C22 O{ 5 bOnd STereO gerTOF EQ
Capacitor 3.3n CAP, WIMA, 2MIL 4[C11,C12,C17,C20 The PCB IS SmO”/ pOtenhom-
Paner connector g
o ) I eters inserted to the board.
Header, 6-Pin, Dual row HDR2X6_CEN 2|P1, P7 Connector, Header; 6x2 Position C h eap, |OW noise, g OOd
PO Plastic
Resistor 50k Stereo 5|P2, P3, P4, P5, P6 C1UC1|IT\/ fOF home hl-fl Opp|ICO-
Resistor 3.3k AXIAL-0.4 4[R1, R2, R25, R26 Axial Device, Thru-Hole; 2 Leads; 0.4 in Pin Spacing
Resistor 10k AXIAL-0 4 2|R3, R27 Axial Device, Thru-Hole; 2 Leads; 0.4 in Pin Spacing fions.
Resistor 1M AXIAL-0.4 2|R4, R28 Axial Device, Thru-Hole; 2 Leads; 0.4 in Pin Spacing
R5, K6, R7, RS, RY,
R15, R16, R17, R18, . .
Resistor 1.2k AXIAL-0.4 10[R19 Axial Device, Thru-Hole; 2 Leads; 0.4 in Pin Spacing The band 1:req uencies of this
R0, RTT, RTZ RT3, o
R14, R20, R21, R22, board: 100Hz - 300Hz - 1kHz - 3kHz
Resistor 18k AXIAL-0.4 10|R23, R24 Axial Device, Thru-Hole; 2 Leads; 0.4 in Pin Spacing _ ]OkHZ
Low-Noise JFET-Input Operational Jo14 41U1, U2, U3, U4 DIP; 14 Leads; Row Spacing 7.62 mm; Pitch 2.54 mm
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Schematics and Bill of Materials for gyrator EQ project

Notes

One stereo gyrator filter module

This is the part of modular EQ project. This is the most important schematic: the gyrator. The gyrator is the
main filter for the equalizer. The band frequency depend on the value of capacitors “C(a)” on the schematic.
Because this is module only, another modules and mainboard required to complete the multiband EQ. Two
version of PCB-s available for this one module: one of them have stereo potentiometers to adjust both left
and right channel at one time. Another PCB separated to two mono channel with two mono potentiom-
eters to adjust left and right channels independently. The first version is good for home hifi users, the second
is better for instrument amplifications. With the EQ mainboard, you can build this module for any frequencies,
set the Q and the boost/cut of the band. Look at the math expressions of this module to count the values of the
resistors and capacitors.

5 - Simple gyrator and permanent Q active filter EQ project

Schematics and Bill of Materials for gyrator EQ project
The power filter module

1 ‘ 2 3 4 5 6
A A
Ll c1 BC568?- s o o e 3(235500
1 7 47uF 60V 4 47uF 60V
R1 C5 /< R2
n 2 @ B K —|_100nF +100F ©° 71000 =
39 —_E|F 12K T ) 6 _FI_ 2K |t E—
L v L j—_L GRD cs |}J = |47nF 7 =
— = s = v 47nF | ap =l OND —
GND 6 12 — GND 9
Header 6X2A
C C
Tile  power filter module
http://custompcb.blogspot.com/ Size Number REvision
http://diyguitarpa.blogspot.com/ A
This schematic is the part of preamps and EQ projects. This module filtering the symmatrical (+-) power for
D | circuits. PCB and another modules, mainboards are available. Date: 10/11/2011 [ Sheet of D
File: D:\!'Works\..\PowerFilter.SchDoc | Drawn By:
1 2 3 4 5 6
Quantt
Description Value Footprint y Designator Model:Footprint
EICO o, T
Polarized Capacitor (Radial) 47uF 60V |pins 2|C1,C7
Capacitor 100nF RAD-0.3 2|C2,C3 Capacitor; 2 Leads
Polarized Capacitor (Radial) 10uF Cap, Tantal, 1mil 2|C4,C5
Capacitor 47nF RAD-0.3 2|Ce6, C8 Capacitor; 2 Leads
Header, 6-Pin, Dual row HDR2X6_CEN 11P1 Connector; Header; 6x2 Position
TO, Flat INdex; 3 IN-LNe, AXial Leads, Body Dia. |
Transistor PNP Silicon BC560C 29-04 1|1 4.8mm; Leads 0.48 x 0.5 mm (max)
TO, Flat INdex; 3 IN-LINe, AXial Leads, Body Dia. |
Transistor NPN Silicon BC550C 29-04 11Q2 4.8mm; Leads 0.48 x 0.5 mm (max)
Resistor 12K AXIAL-0.4 2|R1, R2 Resistor; 2 Leads
Notes

This module required for the EQ mainboard is the power filter circuit. | like to use this simple circuit
to filter the problems of power. These circuits have to be connected to the headers of mainboard.

These modules required for better power and less noise, but if you think this is not important, you

1 3 4 5
Examples of C(a):
This schematic contains only one gyrator filter circuit. For this circuit required mainboard to complete 10 channel EQ. For the EQ
bands, C(a) capacitors have to be changed to several values. Visit the authors website for details.
— — For 5 band EQ:
A p: gsk com)
http://diyguitarpa.blogspot.com/ ° 100Hz - 330n
e 300Hz- 100n
. TkHz - 33n
e 3kHz-10n
] = e 10kHz-3.3n
For 10 band EQ:
*  Change dll of the 50K adjust-
B able resistors to 25K
Hz | C3 | C4 | R3 | R4
31 6.8p 100n | 470Q | 100k
— 63 3.3p 47n 390Q | 100k
125 1.5p 33n 390Q | 100k
; — 250 | 680n | 22n | 3300 | 82
lg 500 330n 10n 330Q | 100k
c 5 —
C3 1 —
lC(T 1 1K | 1500 | 470 | 3300 | 100k
P2L Header 6X2A = 2K 100n 22n | 330Q | 82k
GND
4K 56n Tn 3900 | 82k
8K 22n 470p | 390Q 82k
-15V
16K 10n 220p | 390Q | 100k
T Stereo gyrator EQ module The values of R3 is same as R1, the
R2 is same as R4. Also look the math
D Size Number Revision .
R expressions for another examples.
Date: 10/17/2011 [ Sheet of
File: D:\!Works\..\1 stereo gyrator.SchDoc | Drawn By:
1 3 4 5
Comment Value Quantity Description Designator Footprint LibRef
Cap C(a) 4| Capacitor C1,C2,C3,C4 CAP, 2 and 3 MIL Cap
Header 6X2A 1|Header, 6-Pin, Dual row |P1 HDR2X6_CEN Header 6X2A
Pot stereo 50k 1|Resistor P2 Pots Plastic Stereo Pot stereo
Res2 1.2k 2|Resistor R1, R3 AXIAL-0.4 Res2
Res2 18k 2| Resistor R2, R4 AXIAL-0.4 Res2

can wire pin 8 to pin 11 and pin 7 to pin 12 to ignore these circuits and boards.

We have three versions of power filter PCB. No difference between schematics, the one of them is

landscape, the another two is portrait orientation on PCB.
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Schematics and Bill of Materials for gyrator EQ project
10 channel gyrator EQ mainboard
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This is the schematic of the mainboard of
modular gyrator-EQ project. For this mainboard
required the gyrator circuit (10 board) and

|
—3
— 4 10— power filter module. Visit the website for details,
— 5 upF— PCB, lematics.
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File: D:1Works\\Gyrator EQ mainboard SchDof Drawn By
Quant
Description Value ty Comment Designator Footprint Model:Footprint
[Polanzed Capacnor
(Radial) 10u 4|Cap Pol1 C1,C2,C3,C4 Cap, Tantal, 1mil
4] Connector H1, H2, H3, H4 Panel Connector 3 input Small
PT, PZ, P3, P&, PD, Po, PT, PGS, Tonnector, Hieaaer, |
Header, 6-Pin, Dual row 14|Header 6X2A P9, P10, P11, P12, P13, P14 HDR2X6_CEN 6x2 Position
AXial Device, Thru-
Hole; 2 Leads; 0.4 in
Resistor 3.3k 4|Res2 R1, R2, R4, R5 AXIAL-0.4 Pin Spacing
AXial Device, Thru-
Hole; 2 Leads; 0.4 in
Resistor ™ 2|Res2 R3, R6 AXIAL-0.4 Pin Spacing
Low-Noise JFET-Input Op{ 3|TLO72JG U1, U2, U3 dip-8 DIP; 8 Leads; Row Spa

Notes

This is the mainboard for modular gyrator EQ. The mainboard contains required circuits and headers to
connect gyrator modules, potentiometers, and power filters. The finalized EQ can works with several frequen-
cies and Q-, and you can choose two versions of gyrator modules, one for stereo solutions with only
one stereo adjustable resistors, the second is two separated mono resistors for all bands for instrument
amplifications. Look af the difference on the PCB section.

Printed Circuit
oards for gyrator

EQ project
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PCB for the simple EQ project
Top and bottom PCBs and overlay of simple 5 band EQ
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PCB for the modular EQ project

Top and bottom PCBs and overlay of stereo gyrator module
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Notes
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with one stereo potentiom-
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fion recommended for home
hifi users. This module most
be connected to the pro-
ject’s mainboard.
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PCB for the modular EQ project

Top and bottom PCBs and overlay of 2 mono gyrator module

Notes

Dupble-Mono gyrator mod-
ule with two single potentiom-
efers to adjust left and right
channel separately. This solu-
fion recommended for insfru-
ment amplifications.  This mod-
ule most be connected to the
project's mainboard.
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PCB for the modular EQ project PCB for the modular EQ project
Top and bottom PCBs and overlay of power filters (ver.3) Top and bottom PCBs and overlay of power filters (ver.2)

Notes

We have 3 versions of power filter
PCB. No difference between sche-
matics, the one of them is landscape,
the another 2 is portrait.
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PCB for the module of Parametric EQ project
Top and bottom PCBs and overlay of power filters (ver.1)
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Notes

We have 3 versions of power filter PCB. No dif-
ference between schematics, the one of them is
landscape, the another 2 is portrait.
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PCB for the modular EQ project B Ho

u1 Rt H
The mainboard of 10 band EQ for gyrators D o
" C2_ é e

A__IF u2 R2 R4

c4 ps_:|_ -%. R |:|

=l

For 5 band EQ: PCB OVERLAY
J 100Hz - 330n
300Hz - 100n
: : TkHz - 33n
- ® 3kHz - 10n
!’ 10kHz - 3.3n

{

For 10 band EQ:
Change all of the 50K adjustable resistors to 25K

Hz | C3 | C4 | R3 | R4

31 6.8p 100n | 470Q | 100k

Notes 63 | 33y | 470 | 3900 | 100K

125 | 155 | 330 | 3900 | 100k
This is the mainboard for 10 band gyrator EQ. Gyrator modules and power filter modules required. The frequency, Q and cut/ 250 | 680n | 22n | 3300 | 82k
boost values depended on the parts of gyrator modules only. Look at the table on the gyrator's schematic page, and read the 500 | 330n | 100 | 3300 | 100k

page about the math expressions. 1K | 1500 | 470 | 3300 | 100K

2K 100n | 2.2n | 330Q | 82k

4K 56n In 390Q | 82k

8K 22n | 470p | 390Q | 82k

16K 10n 220p | 390Q | 100k
The values of R3 is same as R1, the R2 is same as R4. Also look the
math expressions for another examples.
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PCB for the modular EQ project
The mainboard of 5 band EQ for gyrators

ut c3 c1 Notes
For 5 band EQ: |!o —F — This is the mainboard for modular gyra-
: ;gg:;?gg: H2 c2 - u2 u3 tor EQ. The mainboard contains required
«  1kHz-33n Q R3_|:|_ ol g circuits and headers to connect gyrator
*  3kHz- 10n R6 e i W modules, potentiometers, and power
. 10KHz-3.3n O —r - o P ’ P
< filters. The finalized EQ can works with
For 10 band EQ: g several frequencies and Q-s, and you
— *  Change all of the 50K adjustable resisfors to 25K H3 ; can choose two versions of gyrator
5 Hz | C3 [ C4 | R3 | R4 <  modules, one for stereo solutions with
% 31| o8y | 100n [ 4700 | 100k only one stereo adjustable resistors,
5 63 | 33y | 47n | 3900 | 100k the second is two separated mono re-
w 125 | 15 | 330 | 3900 [ 100€ H4 sistors for all bands for instrument am-
<] ofe o o
® 299 || 80 || 22 || 83001 e plifications. Look af the difference on the
>
15) 500 330n 10n | 330Q | 100k PCB section.
1K 150n | 4.7n | 330Q | 100k
2K 100n 22n | 330Q | 82k
4K 56n In 3900 | 82k

8K 22n | 470p | 390Q | 82k

16K 10n 220p | 390Q | 100k
The values of R3 is same as R1, the R2 is same as R4. Also look the
math expressions for another examples.
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cy, Q and cut/boost values depended on the parts of g
gyrator modules only. Look at the table on the gyrafor's -
schematic page, and read the page about the math ex- H3 o
pressions. :
>
<
Gyrator EQ mainboard PCB V2 m
, H-t e

http://diyguitarpa.blogspot.com/
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Schematics and Bill of Materials for all EQ project
Schematic and BOM of power supply

The power supply for . z — T 6

LM317BT
A Ul A
3N our 2 o
.
ADJ 5 ut
L RL_ i5vin - L
_Ezcz]oo 101w _Egzzoo C4 :i(w} ==C5
u u u -T—
ot 15V AC- 1 o IS 100n D2 100n
q y q o o e C S iL! o
I I I C6 C7
3 1
I B 47n 47n B
2 2
— [ ‘T« 1 —
1 = = 3
GND s ) GND
HI 15vacly | 4m T am 2200u D3 H2 —
*C10 *Cll 1(010{1 16V Zener —LXCI12 -
2200u 13 “T~47u =
R2E. -15V In 100n
| —
101W - L15V Out
ADJ .
G c
2 N our B2

U2
LM337BT

Title Power supply
Size Number Revision
D A D
http b.bl com/ D 10/17/2011 [ Sheet of
http://diyguitarpa.blogspot.com/ File: D:\'Works\..\Power supply.SchDoc | Drawn By:
1 2 3 4 5 6
Quant
Description Comment ty Value Footprint Designator Model:Footprint
ELCCO 2Z VIV &
Polarized Capacitor (Radial) Cap Pol1 412200u MIL C1,C2,C10,C11
EICOo TZmm, Z
Polarized Capacitor (Radial) Cap Pol1 2|47u mil pins C3,C12
Radiarcap, Thru-Hole, Z Leads, U.3 N PN
Capacitor Cap 41100n RAD-0.3 C4,C5,C13,C14 Spacing
Radar cap, 1hra-Hole,; Z Leads, U.3 m P
Capacitor Cap 4147n RAD-0.3 Ce, C7,C8, C9 Spacing
Full Wave Diode Bridge KBLO4 1 Bridge hor. D1
Zener Diode 16V Zener 2 DIODE-0.7 D2, D3 Diode, Thru-Hole; 2 Leads; 0.7 in Pin Spacing
panel connector
Connector 2 3 input big H1, H2 3 pin, 3 mil connector
AXIalr Device, Thru-Hole, Z Leads, U.Z2 m PN
Resistor Res2 2|10 1W AXIAL-0.4 R1, R2 Spacing
[3-Termnal AqJustanle Postive TO, ThTU-Hole, Verical, Heatsmk Mounted, 3 m- |
Voltage Regulator LM317BT 1 221A-04 U1 Line Leads; Pitch 2.54 mm
3-Temminal Adjustable Negative JLM337BT 1 221A-04 U2 TO, Thru-Hole, Vertical, Heatsink Mounted; 3 In-Lin
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PCB for all EQ project
The power supply PCB

TOP LAYER

H1 DA1

BOTTOM LAYER

Power Supply by Cosmic

http:/icustompcb.blogspot.com/
http://diyguitarpa.blogspot.com/

R2
 _F

C7

c4
[ 1]

H1 DA1

R2
1 F

C4 D
= [ o]

PCB OVERLAY
U1 U2

R1
 F
co 723 123
[ ] = =
C8
C6
] o

@ :

e H2

OVERLAY ON TOP LAYER

U1 U2

R1
S
co 1723 123
ac [ =
C8
cé
o I & o

@ .

3 H2

Document last modified and saved: 23 October 2011 6:15 PM




Simple gyrator and permanent Q active filter EQ project - 23 24 - Simple gyrator and permanent Q active filter EQ project

Help for gyrator EQ designs
Articles and images about gyrator EQ projects

With this project, very important to inform about the adjustable EQ designs. Because the modules can be set o
several adjustable values, maybe you need expressions fo get the value of resistors or capacitors. Here is the page
fo help.

Useful links and articles:

About Operator Adjustable Equalizers:
* Equalizer History

* Industry Choices

* Terminology & Definitions

* Active & Passive

: »  Graphics & Parametri
Math expressions, NS
* Inferpolating & Combining
* Phase Shift Examples

Design aspects of equalizers with lots of expressions.

q ri.ic I es fo r gyrqto r E Q The Evolution of an EQ Design

Software for EQ filter design

Images about this project:

d eSig n S ¢ The Piacsa album of projects

* Prototype of 5 band and 10 band EQs

* The new PCBs of modular gyrator EQ

* PCBs and schematics of modular UREI clone parametric EQ project
* RSS channel of my Picasa gallery
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http://www.rane.com/note122.html
http://users.ece.gatech.edu/%7Emleach/ece4435/f02/equalizer.pdf
http://www.forsselltech.com/media/attachments/Evolution_of_an_EQ_Design2.pdf
http://sound.westhost.com/mfb-filter.exe
http://picasaweb.google.com/105028544937175433650
https://picasaweb.google.com/105028544937175433650/EQ5ChannelAnd10Channel
https://picasaweb.google.com/105028544937175433650/GyratorEQProject
https://picasaweb.google.com/105028544937175433650/ParametricEQProject
https://picasaweb.google.com/data/feed/base/user/gitarfogas?alt=rss&kind=album&hl=hu
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Math expressions for gyrator design
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Figure 10: The gyrator
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Figure 11: The active inductor

L=CyRi(Ry-Rq) Rg=Ry Ry=Ry-Ry

There are af least two ways of making
a capacitor act like an induction. One is
called the gyrator, and one is called the
active inductor. In the following the two
circuits will be examined, and one will
be chosen for this filtler's EQ sections.

The Gyrator

The gyrator makes a nice RCL circuit. It
gives symmetrical impedance (on a log-
arithmic scale) around the resonance
frequency.

The symmetrical impedance makes it
ideal for an equalizer.

The active inductor is actually just o
Sallen and key HP filtler drawn slightly
differently. It too functions as a series
connection between a capacitor and
an inductor. The major difference is
that the inductor has a parallel resistor.
This parallel resistor makes the imped-
ance of the circuit NON-symmetrical
around the resonance frequency, thus
making the circuit less suited for EQ's.

Because of this parallel resistor, the
gyrator is preferred to implement the
inductor in the EQ sections of this filter.
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The EQ is described by a transferfunction as any other second order system. There is
however a minor change to the way that it is written.
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Ky, and K, are the gains of the EQ at their center frequency wo. Their frequency response can
look like this:

10

Gain [dB]

1 10 100
freq [hz]

— EQ peak

----- EQ notch

— - The SUM of the two EQs

The two EQs have identical Qs of 2 and f, = 10 Hz. K, = 2 and K, = 0.5. The SUM of the two
filters is 0 dB witch means that two EQ sections can cancel each other out, if they share Q

and f,. The gain in dB must be the same for the two (Notch is negative of cause and peak is
positive)

The feature, that the EQs cancel each other when the have the same Q and “opposite”

gains; is called "reciprocal”. This is a special type of EQ, since there are also circuits that are
"non-reciprocal".
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Help for gyrator EQ designs

The frequency response of 10 channel modular EQ project
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Previous PCBs and
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Images about first prototype
The previous version of simple 5 band EQ
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Images about first prototype
The previous version of RANE based permanent Q project
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English blog and PCB order: http://custompcb.blogspot.com/
Hungarian blog and PCB order: http://diyguitarpa.blogspot.com/
The Youtube Channel * Picasa gallery ¢ Email: gitarfogas@gmail.com
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