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The two prevalent types of electronic assembly today dre PCB-(printed cirguit
board} and Hard Wiring. '

in PCB assembly, each component is laid on the board, its leads are threaded
through holes in the board, and each lead is contiected 10 & thin conductive
trace on the board by solder. Information between components is then carried
by the trace. For computer systems and other low current applications; PCR’s
urés fine; the logsds-at ¢ach connection point and belween compouenis is not
objectively significant, and in most'_ca.sé's the end performance of the product s
not affected by thiese losses.

Not 50 in loudspeaker crossover networks.

If one considers a simple case of two.components con nceted via 2 PCRB, on finds
the fol]o\ving_"conn'ection 5 '

1) Qutput lead of Component 1 o solder.

2).Solder to PCBitrace.
"3) PCB trace to solder..

4y Soldér to input lead of Conrponent 2.

Four connections; each degrading the signal. The situation is farther worsened
by the fact thatthere ignot mechanical connection whatsoever, and Solder is a
-very poer conductor.

The same two components hard-wired:

1) Output of component lead one with a good mechanical connection, coated in
solder ta prevent oxidation and hold the conncetion in place.

The tule for loudspeakeTs is:

"make a good mechanical connection first, then solder.”

Types of mechanical connections:
The three most common types of mechanical connections in_CrosS__(_:_W_er'net\\roi‘ks-
are"Cold Weld", "High Pressurc”, and "Low pressure, High Contact Ared”. -As
the goal of a good crossover. connection is to.put us muchof component lead
ane in i_ntimat_e electrical contact with: component lead two, we will not even
discuss-the soldér-only connection of PCB -assembly. _
A-Cold Weld is by far the best electrical N

connection; thisis when the actnal conductors of = o ;"—-:‘\
lead one and lead two have [lowed together. The - LN

“key'to making a cold weld s pressure, and the best e
way to make it is with a crimp. ‘When we make _
th_is-typc--ot" connection, i is doné by inserting the THREE?'E“AESD TS-’;E&QTUS&GUE_
two {or three or four...) coffiponent leads into a

non-insulated-crimp barrel, then crimping the barrel tightly shut. The "non-
insulated crimp" section.on regular wire cutter/strippers are usually only barely
adequate for this task, andwe suggest a dedicatzd heavy duty erimper (such as
the Klein #1006, MCM part number 22-1795).
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.A High.l’ress@i‘e con nqrﬁo_n' is _(Jht?-\x*here the conductive surfaces are tightly
pressed together, such as screw-down terminals, binding posts and driver quick

eonnects, One must be careful with a quick-conneet; if 1t is.a little spread out, if

should be closed slightly with pliers. Pressure is the key.

A ._Ln.\_v Pr_tfssuru, High Contact Area connection is the one which results from

wisting wires tog‘?‘_.her,_ The loyi pressure aspect of this connection i -

undesirable, therefore-if one must twist one should twist: tightly..

f\.s_c[l)._r?_ma] case of: this type.ol conineition is that between small gauge capacitor:

_bc._a sand téntn;ﬁt ;optlser'buss_bar. To imprave this.conn ECtiO'n,"éhe.]e}a'd.'sho'ul'd
e wrapped tightly about the buss bar at least twice (preferably wi il i€

. T A - b . o b £ it 3
soldered immediately. g Y with pliers)hen

Of these three, the co]d‘weid is best, so-always crimp whein you can;

Treating Resistors Correctly
:I‘hc .fu__nclio__n of a_{"csis'_t_or is-to transforny a portion of the input signal into heat.
Therefore, if.a resistor i working properly, it will get hot. o .
:I h'("J ?atqrc .of 'rl_r'm'st'r(.zsisu)rs is thet their resistance increases ax they get hotter,
This is called a° positive tempetature voefficient”, or Tc. Most inexpensive
resistors h_a_vg a_hxgh"{‘e.qf several hundred parts 'per million per degree
(p_pmf‘C_})-, 50. the:r_-_regls'tanoe'g;h anges by several percent as they heat up. Even’
.lhe best 1'eslst01‘s;_9xh1b1t a Tc of 20-50 ppny/°C. Tiis common for resistors in
CTOSSOVEr Relworks to get to 100°C or so during normal use. -
To prevent the resistance change from becoming
100 large; the resistor must be mounted to. L
dissipate heat. To do this effectively, a resistor
should have air space on all sides.

On North-Creek crossovers, we bend the resistor
lead§_such tkat the resistor botly is sispénded one
’ha.l‘f 1r_1p_h Or.50 -above the crossoverbodrd, and notl near any othier vomponent
TChis mounting style allows the resistor to cool both by rad iation an'd'-b_\,.f )
«conducling heat to'the surréunding air. o ) a

RESISTOR MOUNTING

Treating Capacitors Correctly

C.Taparj-'itprs arc difficult to treat ineo_np:ctly'heca‘use*_the‘y are self-shielding; the
Cﬂpﬂ[‘!].tOI' outer wrap-and conductive end eoats form an .almost complete shield.
:N(;nel.tl1e less, one sh ould orient capacitors such that stacks (paralleled
capacitorsy are placed with their bodies parailel and centered, while non-
common caps are spread out and onented perpendicularly, - .

%l;l_ck(':d _('par_al]e_led_ or bypassed ) capacitors should be built up by connecting the
capacitor leads to tinned copper buss bar, then using the buss bar to make the.

confiection to the next-component down the line. It is easiest to fonneget wire-
léad capacitors to the buss. bar using the twist-and-solder téchnique, although
crimping with & crimp bartel also workswell. Forstranded lead caps, the best
conricctionis made by inserting the buss bar-and as many cap Jeads aswill fit
into a-crimp barrel, then crimping and soldering. The buss bar can be bent (with
pliers!) 1o orient the capacitors neatly on the board, while plenty of open
conductor is Jeft for making connections to other components. By using this
method, current Mowing to and from .

1he capacitor bank is guaranieed-a
larpe gauge path.

Clear silicone shiould be used to.attach
apacitor stacks together;and to
adhere them 10 the crossover board.
We sugeest GE Silicone I1, although
maost other 10045 silicones should
work. For Jarge stacks, one should il _
the region between the capacitor badies with silicone first, then push them
together and secure the stack with a rubber band. The stack should then
immediately be séeured to the board with more siliconeand a single long tie
wrip.

Treating Coils Correctly

Inductprs,; especially air core inductors, have a large stray magnetic ficld-and will
interact with each other at significarit distances. Thie Speaker Builder article
"Imductor Coil Crosstalk”, by Mark Sanfilipo (SB7/94), does an excelient jobol
demonstiating this phenomenen, and is well worth careful aftention.

In short, o minimize inductor iiteraction, one must orient the inductor axs in-
guatdraticre; that is, the coré-of one should line up with the edge of the other..
The visual analogy is "if one looking through the core of ane inductor can see the:
core of another, interaction will accur.”

Inductor stray magnetic fields also decrease with distance squared, so the farther
apart two.inductors are located, the better.

Inducior insulation is composed of achemical which is bonded to the copper.
The easiest way 1 strip this is togrind it off by clamping the Jead in a smal vise
and grinding off the insulation with-a drill and oxide grinder.. In'a pinch, ohe ¢an
also-use & drywall knife and razor blade to scrape off the insulation.

Il the-inductorlead is tg be attached 1o buss bar, one should sirip the end and
use a crimp bartel. 10 AWG crimp barrels-willfita 14 AWG buss bar and 14
AWG inductor lead. For larger pauge inductors, the steel erimp barrels
‘available at most hardware stores work well..

Lastly, for a woofer section positive input, one should bring the inductor lead all
the way back to the red binding post and terminate’it it ring tongue.. Color-
code the connection with réd heat shrink tubing. '
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The Crossover Board
ARne ¢ rossover Board

It is strongly suggested th at mdividual scetions of (he Crossover network are
wired on their own Crossover hoards.

Forbuilding a crossover, the best material we have found js 14" peghboard. The
peghoard hole pattern 1§ a I" x1" matrix, swhich elearly defines some basic Inyout
criteria for 1he crossover coniponents.
Becuuse we use ring ton gue erimp connectors to make both wire-to-component
conmegtions and component-to-component connections, the Ting fongne
hecorfies batlr the electrical connector and the means of seeurely attachin gihe
connection point 1o the crossover board.
The.attachment is made by placing the'hole in
the ring téngue over 2 hole in the peghoard,
running-a #10/32 brass flat head machine serew
up through the hole, and securing with a brass _
h exnut. F hL screw thr(;;}ds are then coated in wln;'iﬁ‘%:’fé"ﬁé’g%gﬁﬁ?én N,
ted nail polish to-assurc the nut docs not loosen,
‘To mnake sure the rearof the board is flat, we countersink the-peghoard hole
prior to assembiy, '

This miethod has the following advantages:

1y Wires feading to compaonents are sceurely attached to the croxsver foard,
not the.componentfle ads, If'a wire is putled, there is still no danger of
breaking 4 connection or injuring a crossover coinponent.

2y Heavy components, such as farge. capacitor stacks and inductors, are firmly
attached by their leads.

3) Because both leads of each resistor is securely anchored to the CIOSSOVer
board, the leads ¢an be bent such that the resistor body is 15° o1 s0. kbove the
board and not in contact with any other components, "I'hig assures the
resistor-will cool properly.

Dther assembly notes:

Clear 100% Silicoric. and tie wraps should be used to attach capacitor banks te
the board.

To attach inductors, one should line-up the inductor core overfour peghoard
holes, then rup tie wraps down through thése holes and back up along the
outside edge of the‘inductor. The inductor should then be removed (the tie
wraps will stay put) and its base, covered with a bead of clear siliconc adhesive.
The indudior can then be put back inio place and the tie wraps closed and
tiphtened 1o secure it.. Only then:should the electrical tonnections be made.

Make sure resistor bodies are nat touchin 8

any other component. This assures
they will cool properly.
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Star Groundin:

Star prounding is “providing a unigue eleetfival path 1o 4 main ground point.tor
each element tied ta ground." It is called “star” because 1he main ground point
{usually the black binding post} ends up having many wires.-running to it,
resembling a star! In a loadspeaker, this means that every erossover component
tied {6 groend has Hs own wire leading 10-1he hlack bindin 2 post,

To extend the- analogy, one should wso make every-effort to "starinput”, hence-
1 he advent.of bi- and tii-wiring, In multi-wired systems; the positive of cach _
CIossover section s tied directly and uniguely-to the dmplifier output terminal,
and eath negitive binding post acts as a star ground for its particular crossover
section. '

Although'it ctists a little miore to wire, star grounding (anid star inputting)
usually leads to far better imaging; superior clarity, and a much lower nowe
Teor,

Standard Wiring
All North Creek products are wired according to the following color.code:
Briver Términal Coalor

Woofer + Red
Wooler - Black
Midrange 1 + Yeilow
Midrange 1 - Green
Midrange2 4+ Orange
Midrange 2 - Brovn
Tweeter F Whiic
Tweeter - Blue

Note that in this color code scheme, within cach pair, the darfior colorts abways
negutive.

- Also note that the color.always refers to the driver terminals, et the binding

posts. The binding pest color pairiny is the same, bui 1he cote i by eoler coded
tape oir 's]i'rink;mb_e at the connector 1o 1he binding post. We use colored heat
shrink tubinig,

Lastly, when bi-wiring, North Creck binding posts follow the same color code;
Red arnid Black for the woofor, White.and Blue for the tweeter. Again, the
datker color iy always ground, .
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Making Cables Temmingtion Procedure:
‘When using a separai¢, external cabinet 16 house the crossover network, the need atises fo
make a dedicalud crossover-fo-driver eabie which midntains the crossover nerwork calor . bundle, past I‘Ew loose wiring, and-dows to the center of the cable,

gode. The cable we manufacture for this purpose is made from ‘a combination-of Tef-Fiex 3 2)  Linc bp the 8" leads side-by-side and trim them appropriately such that thiey are
AG 14 AWG wire far the tweeterand Lex {0 AWG OFHC wire [or the woofer, thie-same : exactly the same length, et ahetok aube ot e 10 G apadn

as used for our ]oudspea‘ker internal wiring, “The éolor-code we-use matches both the : 3)  Strip the red lead and insert it ' : !

crogsover neswvark wiring and binding post colors. into the erfmp region of a single
Big Spade Jr. spade’ terminal,

1) Cut'one b" seciion from the remaining black shrink tube.and slide it oves the cable

Variations of the cable cin be made to suife almost any purpase, ‘Fhé tetminations we use : ‘Crimp the connection (Lig, 2J. L
are-spadé lugs that atiach to our standard binding posts; however, we. have also terminated 4y Reépeatstep3) for the bl.iLL xtrlder. hors
the cable in Nieutric SpeakOnts connectors, 4-pit BNC's, ¢ie. Rumor has it 1eiminaling ' . whité and blue leads. Fig-3
both ends with spades also makes a nice speakez cable, aithough we haven't tried t. 5} Salderthe leads to the spades using silver solder. The best place for the solder joiit
i the fear of- the Big Spude Jr. where the wire enters. Be careful not to let any:
solder or (Jux How onio the plate of the spade.
6y Slide the 3" Red shrink’ tube over Lhe
spade and down the length'of the red.
lead. Do the same for the Black,
White, and Blue leads.” Slide the

Al 6f the materials needed to constrict these cables are available throngh our regulaz
eatalog. If you prefer Lo expurimént-with other types of wire, the sime bagic procedpre
should be fellowed and has worked well for us.on many occasioas.

The example below provides a 14AWG path to the tweeter and a 10AWG path to 1he
woofer, The.cxample is [or 4 sipgle four foot tength.

Fuluied gl iak o 5ule

A e W]

p ; Fig. 3

Materials:. tubeg back up.ovér the crimping a3
6  Red Lex 10 AWG OFHC 5" 3/8"Red Shrink Tube region of the spade (Fig. 3), and makeé sure thic crimping region is completely

& Bloklexi0 AWG QFHC 5 38" Black Shrink Tabc eovered, asyouwill not pet asecond chance. Il all is well, shrink the wbes:
& White Te[Flex AG 3¢ 3/8" White Shrink Tube 7)) Polithe 6" section of black shrink tubé over, the edges-of the color-coded leads.such

&  Biue TeiTlex ACH 5 32 Bluc Shrink Tibe Lthat 4" of cach lead remains free. This section of tube shotld extend 1" over'the

4 Big Spade Jr= terminals 3 Silver Solder colored leads and 1" to 2" over-the:wire bundle, Shrink this section. This is now a-
' Black Shrink Tube 4" Diack Mesh Cahle Jacket cablc.

Basic Cable and Inner Juckel Assembly:

: - Ouler Jacket:

45,

b laéii shrink tube

mesh cable jackst

terninated cable

black shrink tube

fFg 1} Fig. 4}
1) ‘Align all 4 of the wires mto a bundle and tape each end together tightly with 5 1) Cut 1" of black shrink tube and slide-it alf the way down the, cable to the spade lups. Foa
electrical tape. . Apply as additional baird of tape 2" from'each end. 2)  Slide'the 4' seetion of mesh:eable jacket over the cable: A]lgn the end ¥ from the
2y Wrap efectrical or PVC tape ovet one end such that nd wires are protyuding, "This 3 ‘end of the black inner jacket (at the spade lug end).
must be smooth-as it will be forced through the biack shrink tube, PV tape works 3)  Slide the 1" scetjon of black shrink wbe over the end.of the mesh jacket, If the mesh,
best becatise it is mhcrently slippery. E is slightly. frayed, tape-it-off wiih Block electrical tape, then sfide the 1" shririk tibe
3y Cut4d" from the ¥ diameier black shrink Lube., i -section over it C‘arefully alipn the sbhrink wbe such that it exactly matches the
4)  Slide the-black shrink tube over shewire bundle and gently pnsh the bundie all the : teérmination of thé inner jacket.
way through. 4)  Very carefully and quickly; shrink thissection in place, If the keat isori this jurction
5) Alzgn the shrink tube over the wire' bundle such that 8" of wire sticks out of one end top long it will melt the mesh cable jacket, so be.quick!
_ (Fig. 1). ; 5} Pull the jacket tightly ovér the cable by working from the spade. Iug,s back. Whei the-
6)  Shrink the shrink tube with.a heat gun. We.supgesf you wear Beavy feather gloves while jacket lies correctly, terminate the Joose end with an'additional 1" plece of black
" doing this, as the shrink fube gets quife hot. § shriok tube.

Note: Sume. manufaciurers f‘_u:l that twisting the .cah_k; results in'bc‘tte'r sonnd. Thisis The loose leads are-for-connection-to the crossover network. We make ih : .
definitely true of long wires in regions of largestray fields, such as inside a tube amp. The through the bottom ol the crossover cabingt, by drilling an opening in the lgts}f{:rjrlll ]'llﬁcdﬂom
benefits of (wisting speaker cable’is fuestionable. If twisting is'required, it is most easily ‘pulling the cible through.

accomplished between steps.5) and 6) above. Tie the lorig I¢ads dround a pust feed the
short feads into & varizble speed diill, pply tension Lo the cable and slowly twist it at low:
speed with the drill. Shrink the jacket abous the twisted cable beiore the drill is removed.
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2 10 X 1275 %% plywood,

CROSSOVER ENGINEERING BOARD

For those who do a lot of crossover optimization and need the ability to change crossover

compenenis quickly, this external breadboard is Wic ticket, The baard is compact and
simple to use, and gives the deslgncr the: ﬂhlllt} to.quickly assemble a-test crossover and
casily chiige:any-comiponent in (e crinitusing only.a 38" nut driver. One can add
sections winiply by making the board longer. We use precisely this board in cur own
listening lab..
Reqguired Materials Electrical Materials

18 1o 14 AWG. solid. core wire.

8  BigTos Ji. spikes 2  red.binding posts (410 bi-wirs)
52 10/32 x 1° brass maching sérews 2 black bindlng posts (4 to biwire)
100 1032 brass nuts 60  #10 rmg tongues

0 WOFER

_GINHIND FATH

-*p CIACKS

SENIES PRD
|~ CHEDY

10 TUSEYER

S EXTERMAL CRDSSOVER ENGINEERING BOARD
instructions: :

1) Drill all heles. Spikes go inthe cornars,

2} Qutline and paint red and black areas.

3) Install all screws in the red ares, connectmg ail-within ach area together
on the topside of the board with ring tongues. and wire.

4)  Install the réd binding post connecting it to.the two screws:in 115 pad.

5} Instali black binding post and ali screws inthe black areas, star grounding

to the black binding past.
&} install spikes,

All of the exira nuts are used m'.tigh‘i_en_down-the Crossover components,

Nole: Tobi-wire, just add another post and separate the positive and-ground sections.

ELHEMATIC e FRUTOTYPE CROSEOVER

ove show & protatype crossover-and schematic on the engineering
oris o syminatrical second order network with-a bypassed shunt
impetance sompensation.on the woofer, arid stacked serlgs. capacitors
phuation on the tweeter. . Noterthat even 1hough 1his circuit requires 10
tAhem fire accossible and can be easﬁy changed. Evén the phase of

f B0 roversed by exchanging wire positions: on the-board.

i, i xaves a tromendous amount of tnie:

“elion i 2 serfos pad (red area) s precmcly 3% from its co:rcqpondmg
oninihe ground (black] or following series pad Dm:e the oompcment leads
hLIIL to 15", they will wark anywhare. on’

AWy o com the w;m'u1 from the Soardio' the dri -'ihrough éd :
fite and blue binding posis for the: tweeter and red and:biac postsfor.
. The breadboand should be piaced on; thc ﬂour bcsrde ‘thie. ]ou'd'speaker
_onnl.ctcd with a dedicated cable, R

ni _tmu,llm ‘Mnle lhm rcqum:s a small {nitial mvcstmcnt in tungues and a Tot-

"
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