MODULAR ACTIVE CROSSOVERS

By Erno Borbely and Jean-Claude Gaertner

he laws of physics are such that repro-

ducing the entire audio frequency range
with one transducer is practically impossible.
We must, therefore, rely on filters to divide
the audio spectrum into smaller ranges for
loudspeakers. For cost reasons, most of these
filters are passive. They allow us to get by
with only one amplifier, and the whole setup
seems very simple.

Calculating a passive filter is a difficult
task for an amateur. Effectively, the loud-
speaker’s impedance varies considerably as a
function of frequency, and this affects the
results of the calculations. Utilization of net-
works that correct the impedance (and, more
importantly, software like CALSOD and
LEAP) facilitate these calculations.

Active filters, which require a separate
amplifier for each band, are generally re-
served for high-end speakers. Obviously,
this costs more than a single amplifier, but
the approach has several advantages: you
can use loudspeakers with different charac-
teristics; the amplifiers can be adapted to
the particular frequency range they are sup-
posed to reproduce; each speaker is driven
directly from the amplifier’s output with
only a cable in between; filter element cal-
culation is very simple and can be accom-
plished with textbook formulas.

A number of active filter structures are
available, each having its own advantages

and disadvantages. We chose a second-order
structure called the Sallen-Key. The inde-
pendence between the filter’s low-pass (LP)
and high-pass (HP) sections allows you to
adapt the slope and cutoff frequency to suit
your particular speaker. We will propose sev-
eral filter applications for practical speaker
systems.

All filter types theoretically can be imple-
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mented with the circuit proposed here, but
only Bessels, Butterworths, and Linkwitz-
Rileys are of interest for audio. The Bessel
(also called Thomson) offers the best tran-
sient response. The overall slope around the
cutoff frequency, however, is only about
4.5dB/octave, with the 6dB/octave slope per
order achieved only several octaves beyond
the cutoff frequency. The Butterworth offers

PHOTO 1: Front view of the crossover. We used an aluminum 2U 19’ Fisher box with an

internal chassis.
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PHOTO 2: Rear view of the crossover. XLR is used for symmetrical, and Teflon® isolated
cinch for asymmetrical input. Note that on this prototype we didn’t mount the XLR plug that

would be needed for symmetrical output.

FIGURE 1: Two-way crossover block schematic, Power supply is +24V. Switch on mute.

LOW PASS

523

HIGH PASS

S22

20 Speaker Builder / 1/94




LM298@5

IN4148 1N4)148
| Trig
Logic

_£ Vref

|
lHeq: “
) R/C Emi t5S ‘

L ______ Gnd i

FIGURE 2: Switch-on delay schematic. The
switch-on delay is R/C (about 22 seconds in
this case).

ness, bandstop slope, and transient re-
sponse. The Linkwitz-Riley, an even-order
filter, combines all the qualities of the But-
terworth with good phase response around
the cutoff frequency.

PHOTO 3: The three-way extension motherboard. Note the two shielded links: the first is
to bring the buffered signal from the main two-way motherboard; the other is to link the
high- and low-pass sections on the three-way extension motherboard.

plug-in or solderable buffers and crossover
networks. (Each motherboard serves one
channel.) In the basic two-way mode, it pro-
vides a common input buffer, the LP and HP
filter sections, and the output buffers. As a
three-way extension board, it uses the filter

way crossover, B1/B4 form a balanced-to-
single converter and serve as a common input
buffer for the filter sections. When used with
single-ended sources, B4’s input should be
shorted to ground (83 to S2). Alternatively, it
can be removed from the board.

s24

sections and the output buffers. The filter The crossover’s LP section is formed with
slope is selectable in 6dB increments between B2 and B3, with their networks P1 and P2. BS
CIRCUIT DESCRIPTION 6 and 24dB. Input and output buffers can be  and B6, with P3 and P4, form the HP section.
The JC/EB-193/141 is auniversal active filter  configured for either single-ended or bal-  As shown, each buffer and its associated net-
designed for two- and three-way loudspeak-  anced operation. work represents a basic second-order Sallen-
ers, It is implemented on a motherboard, with Figure ] is the block schematic for atwo-  Key filter; therefore, a second-order crossover ‘
‘!
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FIGURE 3: Two-way crossover schematic and wiring diagram.
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can be implemented with only one buffer/net-
work. A third-order filter requires one sec-
ond- and one first-order network. This can be
implemented with either P1/B2 or P3/B5, and
Z2/Z3 of P2 or P4. B3 (B6) is needed only if
you use the optional volume control P1 (P2).
For a fourth-order crossover, you will need all
four buffers and networks.

The single-to-balanced converter for the
output is comprised of B7/B8 and B9/B10.
They also serve as output buffers. For single-
ended output, B8 and B10 can be omitted. A

mute relay installed at the output will, when
activated, short the output signal to ground.
We recommend doing so in order to avoid DC
thumps at the filter’s output when powering
up and down. Figure 2 shows apossible switch-
on delay.

Figure 3 is the two-way crossover’s sche-
matic and wiring diagram. The buffers are
shown as blocks with pin assignments. Note that
signal ground and power ground are completely
separated, allowing you the flexibility of imple-
menting your own grounding scheme. (You

must, however, remember to connect the two
grounds somewhere—either on the board or
at the power supply.) The motherboard has
built-in 317/337-type regulators, which you
can omit when using off-the-board regulators.
Q1 and Q2 are the relay drivers for the mute
circuit. The mute relay, an SDS S2 12V,
shorts the output of the buffers to ground. An,
instantaneous or delayed mute command 'is
supplied to the board through Pins S11 and
$12; S11 is the mute command pin (the relay
is activated with a voltage higher than 2V);

We wish to build a two-way crossover with
a cutoff frequency of 2kHz, and will calcu-
late all the values of the passive network.

Fc L

=2x1thoxCo n
According to equation (1) we have:
00=—— — _, RoxCo=
2x3.1416 xRo x Co
s ., @
=7.95773 x 107

6.2832 x 2,000

LOW-PASS SECTION

First-order:

We choose a value for Cy = 5,600pF and
according to (2) Ro = 14,210Q. So, we will
use P1 (Fig. /) and Z; =Ro= 14,210Q (13k
+ 1k21), Z3 = Co = 5,600pF.

Second-order Butterworth:

Table A gives m; = 0.7071 q = 1.4142.
Figure A2 gives C1=m;Cp, C2=q1Co, 50 C2
=2Cy. We choose Cy = 10nF, 5o C; = 20nF.
Ci1=m;Cp=0.7071Cy, s0 Co=14.142nF and
equation (2) gives Ro = 5,627Q (5k62). We
willuse P1 and Z,=Z; =R =5,620Q, Z3 =
Ci=10nF, Z4 = C2 = 20nF (10nF+10nF).
Third-order Butterworth:

Table A givesm;=0.5,mz=1,q1=2. Figure
A3 gives Ci1=mCo, C3 =m2Co, C2 = qCo.
We can see that C, = 2C; =4C,. We choose
C2 =20nF, C; = 10nF, C; = 5,000pF. C, =
miCs, s0 Co = 2,500pF and equation (2)
givesRo=7,957Q2. P1 and P2 will be needed.
P1: Zi =Z>=Ro=7,960Q2 (6k81+1k15), Zs
= C, = 5,030pF (4,700pF+330pF), Zs = C;
=20nF (10nF+10nF). P2; Z>=Rp=7,960Q
(6k81+1k15), Z3 = C3 = 10nF.
Fourth-order Butterworth:

Table A gives m; = 0.9238, m; =0.3826, q, =
1.0823, q2 = 2.6131. Figure A4 gives C| =
mCo, C3 = mCo, Cz = qiCo, Cs = q2Co. We
choose Cs=22nF, so Co = 8.419nF and equa-
tion (2) gives Ro = 9,452Q, C; =7.777nF, C3
= 3.22nF, C; = 9.11nF. P1 and P2 will be
needed. Pl: Z, = Z; = Ro = 9,452Q

CALCULATING THE CROSSOVER NETWORK

(8k25+1k21), Z3=C,="7.77nF(6.8nF+1nF),
Z4=C=9.11nF (82nF+1nF). P2: Z = Z, =
Ro=9,452Q) (8k25+1k21), Z3 = C3 = 3.22nF
(22nF+1nF), Z4=C4=22nF.

Fourth-order Linkwitz-Riley:

Two second-order Butterworths in cas-
cade. We have already calculated the val-
ues, so passive network P1 and P2 will be
the same, as you can see in Fig. A5. P1:
Z,=7Z3=R0=5,620Q, Z3 = C; = 10nF,
Z4 = C; = 20nF(10nF+10nF). P2: Z, =
Z2=R=5,620Q,7Z3=C;=10nF, Zy =
Cz = 20nF(10nF+10nF).

HIGH-PASS SECTION

First-order:

We choose a value for Co = 5,600pF and
according to (2) Ro = 14,210Q. So we will
use P3 (Fig. /) and Zy= Cp=5,600pF Z3 =
Ro=14,210Q (13k+1k21).

Second-order Butterworth:

Table A gives my = 0.7071 qi = 1.4142,
Figure B2 gives R; =Ro/my, R2 =Ro/q1. We
choose Cy = 5,600pF, according to equation
(2) Ro = 14,210Q, Ry = 2,0096Q, R, =
10,048Q. We will use P3 (Fig. IYand Z, =
Z=Cy=5,600pF, Z3=R; =20k, Z4=R2=
10k.

Third-order Butterworth:

Table A givesm =05, mz=1, q1=2. Fig
B3 gives R;=Ro/my, R3=Ro/myz, R2=Ro/q.
We choose Co = 6,800pF according to equa-
tion (2) Ro=11,702Q, R; = 23,4050, R3 =
Ro=11,702Q, R> = 5,851Q2. P3 and P4 will
be needed (Fig. 1). P3: Z1 =2, = Co =
6,800pF, Z3 =R, =23,405Q (22k1+1k3), Z4
=Ry = 5,851Q (5k62+221). P4: Z, = Cp =
5,600pF, Z; =R3 = 11,702Q2 (11k+681).
Fourth-order Butterworth:

Table I gives m; = 0.9238, my=0.3826, q

TABLEA

CROSSOVER NETWORK EQUATIONS

BUTTERWORTH (see note 1)

Order m

first (6dB/octave) 0

second {12dB/octave) my =0.7071

third (18dBloctave) m =05
mz=0.1

fourth (24dB/octave) m1=0.9238
m =0.3826

LINKWITZ-RILEY (see note 1)

Order m

fourth (24dBJoctave) m1 =0.7071

BESSEL (see note 2)

Order m

first (6dBloctave) 0

second (12dB/octave) mq = 0.6808

third (18dBloctave) m1 = 0.4998
m2 = 0.7560

fourth (24dBloctave) m1=0.3871
m1 = 0.6698

Note 1: The coefficients in m and q are valid for low- and high-pass filters. All coefficients and equations are from
the book Filtre actif by Paul Bildstein, Editions Radio, 8 rue Jacob 75006 Paris.
Note 2: For Bessel, the coefficients m and q are only valid for a low-pass filter (ibid., p. 54).

q equation
0
qi=1.4142 (pg +1.4142p + 1)
Q=2 (p"+p+1)p+1)
q1=1.0823
q2= 26131 (o2 +1.8477p + 1)
(p? +0.7653p + 1)
q equation
q1= 14142 (p? +1.4142p + 1)
(p? +1.4142p + 1)
q equation
0
o1 =1.9077 (0.6180p% + 1.3616p + 1)
qi = 1.9547
(0.4771p% + 0.9996p + 1)
(0.756p+ 1)
q1=1.0048
q2=0.7298 (0.3889p° + 0.7742p + 1)
(0.4889p% + 1.3396p + 1)
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S12 is the power supply pin (+12V for the
recommended relay).

Figure 4 is the block schematic for the
three-way extension board; Fig. 5 is the sche-
matic and wiring diagram. The circuit con-
sists of an LP (B2, B3) and an HP section (B5,
B6), connected in cascade and.forming a
bandpass filter. The input signal is taken from
the input buffer’s output on the two-way filter
board. The bandpass filter’s output is con-
verted to a balanced signal by BS and B10.
You can remove B10 from the board if the

balanced output is not needed. Second- and
third-order filters can be implemented as pre-
viously described.

We used ORCAD for all schematics and
the new LAYOI1 software for the PC board
layouts. When we tested the laser printer
check plot and the Gerber files, we found that
the lines and pads appeared thinner on the
check plot than on the screen. Both outputs,
however, are usable. For the final prototypes,
we used the Gerber output files with very
good results. [Note: LAYOI, an impressive

package at an affordable price, is available
Jfrom Old Colony Sound Lab—see the Avail-
ability Box.—Ed.]

On the motherboard, the regulator
heatsinks are grounded. Consequently, the
latter must be insulated with mica or other
insulator materials. The motherboard is con-
figured as a two-way crossover (bold lines
indicate the jumpers). This board is fully
populated, with all four networks and all ten
buffers installed. In many cases, you will be
using fewer than the full complement. Except

=1.0823,q;=2.6131. Figure B4 gives R, =
Ro/my, R3 = Ro/mz, Rz = Ro/qs, Ra = Ro/p.
We choose Co=6,800pF according to equa-
tion (2) Ro= 11,702Q, R = 12,6680, R3 =
30,587C, Rz = 10,812Q, Ry = 4,478Q. P3
and P4 will be needed (Fig. /). P3: Zi = Z;
= Cp = 6,800pF, Z; = R; = 12,668Q
(12k1+562), Zs =Rz = 10,812 (10k+825),

P4: Z, = Z, = Co = 6,800pF, Z3 = R3 =
30,587Q2 (30k1+475), Zs = R4 = 4,478Q2
(4k32+150).

Fourth-order Linkwitz-Riley:

Two second-order Butterworths in cascade.
Wehavealready calculated the values, so the
passive network P3 and P4 will be the same,
as you can see in Fig. B5.P3: Z,=2,=Cy

=5,600pF, Z; =R1 =20k, Zy=R2=10k. P4:
Zy=72=Cy=5,600pF, Z3=R; =20k, Zs=
Rz = 10k.

As another example, look at Fig. 7, which
shows the actual response of one of the proto-
types with a cutoff frequency of 140Hz.
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PHOTO 4: The rear panel. Note the way we made the ground connections; the ground input
pin (the cinch on the right of the XLR) is connected to the signal ground on the motherboard.
The three ground output pins are connected together and soldered to the star ground.
Signal ground and power ground are connected at one position only for each channel. The
best we found was to connect Pin S14 and S23.

PHOTO 5: Top view of the measured crossover in a two-way asymmetrical input/output
system, with the needed buffer modules and passive network. To go to three-way or
symmetric, just plug in module and play.

Low Pass
Section

for B4, B8, and B10, which are dedicated for
balanced operation, you must always install a
Jjumper between input and output for the miss-
ing unit. Otherwise, the next unit will not
receive a signal. If you have installed connec-
tors for each unit, but don’t use all of them,
you can install a wire jumper in the connector
itself. [Note: Board patterns and stuffing
guides are available upon request. See the
Availability Box for details.—Ed] .

The volume control also needs bypassing
if not used, as do the muting relays at the
output. If you don’t need the muting func-
tion, don’t install them. The points marked X
and Y on the stuffing guides indicate the
location of the interconnection cable be-
tween the two motherboards (for a three-way
system), which should be shielded. When the
motherboard is used as a three-way exten-
sion board or bandpass filter, the optional
volume control is connected to Pins S6, S7,
and S8. Again, those units not used must be
bypassed with a jumper.

The motherboard setup procedure is very
simple. Simply check that regulators U2
and U3 are working. Apply a+28V unregu-
lated voltage to Pins S17, S18, and S24, and
check the output voltages across filter ca-
pacitors C17 and C18. They should be close
to +24V. The buffers should be checked
separately (see the BUF 124 setup proce-
dure). Overall frequency response of the
filter sections should be checked with buff-
ers and networks installed.

UNITY-GAIN BUFFER

The heart of the crossover is the buffer, around
which you build the filter sections. The sche-
matic of the discrete BUF 124 is shown in Fig.
6. Originally developed as an input and tape
buffer, it has been updated and optimized for
filter operation. It features very low distortion
and arise-and-fall time of 200ns.

The BUF 124 two-stage circuit consists of
aJFET-cascode input stage and a bipolar-cas-
code second stage—both pure Class A. Due
to the cascode-connected JFET's, which oper-
ate at 2mA drain current, the input stage
features very low input capacitance and high
Continued on page 26

BANDPASS

22

FIGURE 4: Three-way extension board block schematic. Power supply is +24V. Switch on mute.
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The center channel, often thought of as responsible for only reproducing dialogue, is actually
responsible for reproducing about two thirds of the total acoustic energy of a typical movie.
Much of the film's music track and a great deal of the sound effects originate from the center
channel. This leaves the front, main channel mostly responsible for augmenting the center
channel's foundation with far left and right information; and this leaves the rear channel
responsible for spatial ambience. This being the case, the center channel must be well designed
and constructed with high quality components, and when done well, it should have a similar
tonal balance to that of the front, main speakers. We at A&S Speakers following these
guidelines, have developed a top quality center speaker. Vifa components, among the most
respected and widely used in the high-end market, are used in our center speaker as well as all
of our A/V satellite speakers. This insures excellent quality and tonal consistency in our A/V
packages.

THE CENTER CHANNEL

TECHNICAL SPECIFICATIONS
Frequency response: 55 Hz - 20kHz +/-3db
Sensitivity: 88 db

Nominal Impedance: 8 ohm

Thermal power capability: 100 watts RMS
Crossover frequency: 2800 Hz

le—3/4" PARTICLE
: BOARD
OR MDF

PORT 2° 1.D.
2 1/2" LENGTH

FRONT VIEW " ¢ Terminal Cup: RP33-§
Price: $217.00 assembled ea. o ey

$197.00 kit ea. ' '

$115.00 w/o cabinet ea.

INSIDE SECTION

‘ & s 3170 23rd Street; San Francisco, CA 94110

Spea"er K 1 Telephone: (415) 641-4573 Fax: (415) 648-5306

Reader Service #31




PHOTO 6: External power supply box with aconventionaktransformer (top 1effortherelays
and a toroidal transformer for the buffers We used an AC filter, seen in the right of the
photo.

Continued from page 24

common-mode voltage swing. Q1 and Q3
must be matched to +10% &f Ipss(either the
"BL" or the "V" group can be used).

To adjust the DC offset at the output, P1 =
200Q2. R4/R5 and R'4/R’5 are connected in
series and in parallel with P1, respectively,
and are used to set the current in the input
stage to 2mA. You can check the current by
connecting a DVM across R3 (or R6) and
measuring the voltage drop across the resis-
tor, which at 2mA is 2.8V. If the drain current
is higher than 2mA (i.e., the voltage drop is
>2.8V), you must connect R4 and RS in the
circuit to reduce it. If it is less than 2mA,

connect R'4 and R'S in parallel with P1 to
increase the current.

The second stage operatesat approximately
15mA. When the input stage is operating at
2maA, this current is set up automatically to the
correct value. D1 and D2 are used to bias the
cascode transistors Q6 and Q7 relativeto the
emitter voltage of Q5 and Q8. R8 forces a
current of approximately 1mA. through the
reference diodes.

R10, R16, and C4 form the buffef’s feed-
back network. In unity-gain application (i.e.,
when the buffer is used as a filter), R16 is not.,
connected to ground. It is used only when the
buffer is connected as a balanced-to-single or

single-to-balanced converter. In balanced op-
eration, the gain of the input and output buffer
is higher than unity. R9 and C6 form the
amplifier’s output network, isolating the buff-
er from capacitive loads. Since it works in
pure Class A, the buffer is virtually short-cir-
cuit proof—you can short its output with a
relay for muting purposes.

The buffer is connected to the motherboard
through a 10-pin gold-plated connector. You
can solder it to the motherboard or install a
mating connector on the board and plug it in.
[Note: The BUF 124 is available as a kit. See
the Availability Box.—Ed/

BUFFER SETUP PROCEDURE

Test each buffer module separately, if possi-
ble, before installing it on the motherboard.
This simplifies measurements, adjustments,
and any necessary component changes. If you
have access to a scope, connect it to the
buffer’s output and check for radio frequency
(RF).oscillations. If you have complete audio
instrumentation in your workshop, perform
the usual gain, frequency response, noise,
total harmonic distortion (THD), and inter-
modulation distortion (IM) measurements.
Inputs should be shorted under DC measure-

" ments/adjustments.

Before testing, set P1 to mid-position.
Shert signal ground to power supply ground
Continued on page 28
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26 Speaker Builder / 1/94




=Zav]
R3 &5 wl. _L c7
L AR 0. 1uF I Imunasv
02 I I k]
2sK248
as Y "% ==c3
25AB17A o1 0. 1uF
o1 LM338-2. 5
2s5K170BL
L: ]
_ Ri8 33. 2 5
1
- " P1 E‘ 22pF: Fe
ANe A AA— ANAN ouT
R1
Lz .I. R2 N s -l- o
330pF
cid ] 1K ]
22pE SGND
o7 Q\ )
2s5Cc1827A
03 J PGND
253748L L
= 25C1627A €S . ’
. Ui
2sJ103
1
2 = =
INe
B i - R11 ca I I €io
150
xe I — B 0. 1uF T T 10uUF 73SV
IN=_ 8 = —3av ]
H

|

o

a1,
R4,
SGND.
PGNO¢

02 MATCHED 10SS
R°4. R3S, R'S SEE TEXT
Signal Ground

Powar Ground

FIGURE 6: BUF-124 schematic.

matched/marked Q1/Q3, which makes se-
lecting the right resistor values easy.

2. Connect a millivoltmeter to the ampli-

Continued from page 26

at the output. Connect +24V regulated supply
to the module and perform the following

measurements/adjustments:

1. Connect a voltmeter across R3 (or R6)
and measure the voltage drop. It should be
2.8=3V, Ifitis less than 2.8V, install R4’ and
R5'. If the voltage is more than 3V, install R4
and RS. (The resistor values depend upon the
Ipss of Q1 and Q3. Some experimentation
will be necessary to determine the correct
values.) The BUF 124 kit is sold with

CROSSOVER NETWORKS
The crossover networks are mounted on plug-

fier’s output, and, with P1, adjust the offset
to OV.

in PC boards. Separate PC boards are avail-

TABLE 1

BUF 124 PARTS LIST
PART DESCRIPTION
Resistors
R1 1k*
R2 ™
R3,6 1.4k
R4,5 Select for Ip = 2mA
R4', 5 Select for Ip = 2mA
R7, 11 150
R8 33.2k
R9 475
R16 2k (For balanced operation)
Trimpot .
P1 200 multiturn cermet
Capacitors
C 22p/630V PP, MICA, COG
C1,235 0.1,/63V WIMA MKS-2
ca 22p/630V PP, MICA, COG
C6 330p/630VPP
C7,10 10uF/35V TA
Semiconductors
(8] 2SK170BL*™
Q2 25K246
Q3 2S8J74BL*
Q4 25J103
Q5,6 2SA817A
Q7,8 2SC1627A
D1,2 LM3362-2.5
Miscellaneous
10-pin connector, 3M type number: 2510-5002
BUF 124 PC board
*All resistors 0.5W/1% metal film, Resista MK-2
or equivalent.

**Q1 and Q3 are matched fo 10% of Ipss.

crossover networks are connected to the
motherboard through the same kind of con-
nectors as the buffers. For calculation of the
crossover network, refer to the sidebar "Cal-

>

AVAILABILITY BOX

To obtain prints of layouts and stuffing guides, please
send a9” x 12" manilla SASE with postage for 2 oz.
(intemational readers, please include postal cou-
pons) to: SB, PO Box 494, Dept. EB, Peterborough,
NH 03458-0494.

Remarkable LAYO1 PC board design software is
available in packages priced as low as $99 for 4,000-
point capability. For a free color information packet,
contact Old Colony Sound Lab, PO Box 243, Dept.
EB, Peterborough, NH 03458; (603) 924-6371, FAX
(603) 924-9467.

BUF 124 KIT. The BUF 124 is sold as a single board.
Kit includes drilled PC board, all resistors, capacitors,
and semiconductors. Components are packed in
plastic bags and are marked with component number
and/or value. We reserve the right to substitute com-
ponents of equal quality. Contact: Borbely Audio,
Meichior Fanger Strasse 34A, 82205 Neu-Gilching,
Federal Republic of Germany, 011-49-8105-5291,
FAX 011-49-8105-24605.

2SK1708BL/2SJ74BL FETSs are also available sepa-
rately, matched and marked with Ipss. Contact Bor-
bely Audio for information.

able for the low- and high-pass networks. The  culating the Crossover Network."
LM S - Loudepscker Meceursment System = Dates Jul ©.1993 LMS Librarys
© (C)opyright ATI Timar Fri 12: 13PM X_DVER} . LIB
—11=PB chaonnal 1 —12=PH channel 1 —13=P8_channel 2 ——14=PH channel 2
Low Pass chonnel 1 High Pase channel Lov Pass chonnel 2 High Pass channel 2
Cut off frequancy 140 Hz Cut off frequency 140 Hz Cut off frequency 140 Hz Cut off frequency 140 Hz
Linkwitz Riley 4th order Linkwvitz Riley 4th order Lipkeitx Riley 4th order Linkwitz Riley 4th order
scaled by 1008 scoled by 1008
10 o8 k Magnituce > iﬁlTrun.Per Function < Phasa > | Oag 180
S el I \\\ . /
5 - . J - 135
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FIGURE 7: Response of the crossover populated as a two-way system. The cutoff frequency
is 140Hz in a fourth-order Linkwitz-Riley mode. Only one value of capacitor and two for the
resistors was needed: 0.1 uF/160V WIMA MKP2; 7.5k and 15k 1% metal film resistors.
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TABLE 2
TWO-WAY MOTHERBOARD PARTS LIST r
@ RHYTHM
Resistors
R7, 11 47k
R12, 14 2,210 ‘ High performance two way, three driver floor standing
R13, 15 121 | F loudspeaker system featuring: g
Capacitors + SCAN-SPEAK D2905 1" Fabric Dome
C15,20 1,0000F/35V radial Tweeter.
C16-19 47uF/35V radial . _ ]
c21-24 0.1uF/100V WIMA MKS02 i l‘ a‘(‘;'fngN SPEAK 18W/3544 T Kovlar®
Semiconductors A T ai
) BC337 or equivalent 10 AWG Mlll.lc Coll Hex-Laid Ir.lductors.
U2 M337 TO220 | + SPRAGUE High Frequency Metallized
U3 LM317 T0220 B Polypropylene Film Capacitors bypassed with
D1-6 1N4007 or equivalent 1 uF Ultra-CAP Capacitors.
Miscellaneous « OHMITE Precision Power Resistors
2(15_?0 o All crossover components hand matched to 1%.
- ¢ QB3 Partition Vented, Aperiodically Braced
Pi-4 10-connector 3M Cabinet with 24" Composite Front and Rear.
ref. 8510-4500 o Sand-Filled 1 hambe
21,2 SDS Relay S2-12V Gl St G e o .
Heatsink Schaffner ref, WA 337-25, ¢ Crossover is extqmally hpused in its own cabinet
40r38,1 and connected via a dedicated cable.
ut 2-pin removable jumper * Available as a Woodworker’s Kit, with pre-
J veneered cabinet flats, or as a Complete Kit.
TABLE 3
For a complementary copy of our complete catalog, including drivers,
THREE-WAY MOTHERBOARD PARTS LIST crossover components, accessories, and all 10 of our High
PART DESCRIPTION Performance Loudspeaker Kits, please give us a call or drop us a line.
R T - North Creek Music Systems
R12, 14 2,210 Route 8, PO Box 500, Speculator, NY 12164
R13,15 121 Voice/Fax (518) 548-3623.
Capacitors
f 1,000..F/35V radial
C16-19 47uF/35V radial Reader Service #17
C21-24 0.1uF/100V WIMA MKS02
Semiconductors
Q1 BC337 or equivalent ' \‘
U2 LM337 TO220 L
3 LM317 T0220 A - =2 &
D2-6 1N4007 or equivalent | oD
Miscellaneous
P1-4 10-connector 3M
ref. 85104500
22 SDS Relay.S2-12V

v Samwies || YOUR CURE FOR SPEAKER
' HEADACHES!

o FACTORY AUTHORIZED SERVICE:  ® WE RECONE; RESURROUND
: Advent, BelsC, Cerwin Vega, EPI,™- AND MANUFACTURE .
Genesis, JBL, & RTR b
s § . ® WE BUY, SELL AND TRADE
o Polypropolene Cones For'Reconers MARANTZ, McINTOSH, Tube
.

Word of mouth helps us grow, and our 8", 10", 12" & 15" Equipment

growth means a stronger publication that can

do more of the things that need doing in the ® Parts & Adhesives 25 Years-Audio Experience
pursuit of better audio systems. If you have

friends, associates, relatives or even enemies e We Buy Blown Speakers Custom Grilles for BeleC, JBL,
who share your enthusiasm for SB, either let Marantz, Altec, & Cerwin Vega

us send you prospectuses to pass along to e Call Us For Hard To Find Parts From $29.95 Each
them or tell us their names and addresses, - .
and we will send the word along. THANKS.
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