VMM method for electronics prototyping
Versio 0.1 28.6.2007 - translated to EnglisB015
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Basics

VMM is a method to implement dense disk built edewic circuit connections
without special tools.

VMM enables dense-performance couplings on thelimg| the method conducted in
circuit boards can be used for integrated landamskevoltage levels. The method is
based on standard circuit board material, thinngiand litinholkkien creative use.

In 2002, VMM-developed method is a continuatiorkEddctronics World July 1998
newspaper article. It is specially introduced aqiygpe and single, without making a
pattern transfer film and chemicals, using simptads. VMM methodology is
particularly suitable for a number of IC chips @ning linkages which do not
unduly passive discrete components. VMM methodoisgyell suited for
construction of prototypes. It suits well for dajielectronics and audio circuits.

Picture 1: Audio circuit implemented using VMM method (Veikko Péyhonen)

Basic construction

VMM methodology the idea is that the standard congmbs of connection points are
equipped with bushes, which the self-componentplaeed. In this way, the project
carried out in the disc sleeve and wiring prepdirst, and when all is in this respect
self-produced components are installed. Sinceomfippnents are the bushes, can be
easily removed and replaced later.

Signal wiring is a coupling wire above the cirdodtard. When the wiring on the
circuit board, a very easy switching is shown hbesvarious components are wired



together and to avoid the circuit board beneathébalting overcrowding if there
trying to put the wiring and the coupling wire cection sleeve. Wiring runs sleeve
gland. Associated with normal cords sleeve circalaunt technology (Wire Wrap
transformation method), but also a variety of cogspion fittings or brazings can use
the cable to connect to.

Self-drive circuit is used as a mechanical coupliage drive, the ground plane and
the operating voltage supply. Basic form on theplape is a ground plane and the
underside of the voltage level. PCB copper surtesieg a single ground plane to
ensure a good and solid ground plane with diffepemts of tension are not easy to
shake. When the operating voltages is fed to tbergklevel along a single copper,
achieving a very stable power supply, which is walted to the sensitive analog-
linkages with the rapid digital circuits. In thisasw implemented at the country and
provide a practical input voltage as good as tpetivoltage to achieve what is called
the multi-layer circuit board implementations thae their own land and the input
voltage levels (very low voltage to the input impade of the transmission lines).
Earth and the supply voltage, this solution worledl @s demanding as the analog to
digital linkage.

If there is need for more supply voltages, addalgower wiring can be wired
separately underneath the circuit board underrtbatbignal wires thicker.
Remember that the upper ground plane and the uddersprimary voltage level of
the other tensions in the signals, either wire@waip wiring structure. Primary input
voltage should choose the most demanding powensuppthe system is connected
to digital technology the digital circuits is a tade input.

Coupling plate and the two side panels mountecherend. These terminal boards to
provide a venue to draw the linkage connectionh e outside world as well as
provide a partial enclosure of the linkage protectWhen the circuit board is away
from the side plates, the coupling may very wefleled on their stand on the table
and not be afraid of the damage or short circuit.

Circuit boards and the side plates are painted patht. Painting to protect against
accidental short-circuit switching and the switchof the good will built-sighted. The
painting also protects the circuit board coppefas@s, and paint under any scrap
connections oxidation. VMM method of the prototypeuite possible to carry out
the circuit board without the painting, measuring appearance of the linkage is a
little vague, easy wiring and there must especiadiyare of possible short circuits.



Picture 2: VMM method in use (Tomi Endahl)

Picture 3: VMM method example use (Jouko Paloheimo)



Picture 4: Close-up view to VMM construction (JoukoPaloheimo)

Picture 5: Example how additional voltage feed cabe added to circuit wired using VMM
method. This circuit is constructed to a circuit bard that is not painted. (Jouko Paloheimo)



Materials

PCB Material: The most suitable material is dudédiglass fiber-based 1.6 mm thick
disc of copper layer thickness is 18 microns (38rams also possible).

Connection sleeves: Sleeve unplugged from IC so&teéve will be shown in the
picture below. The corresponding rotation positzzle fittings may be used. There
is a wide range, and the dimensions of the sleevddferent manufacturers and
design differ slightly from each other.
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Picture 6: Technical dimensions of one connectioezve found to be good for VMM (Jouko
Paloheimo)

Wire: Insulated Wire Wrap wire with nominal thiclgg0.25 mm.

Paint: Printed circuit boards painted with spraynpalhe recommended paint color is
white. Paint finish is not necessary.

Soldering: electronics soldering tin wire and dalle water-soluble flux



Tools

Drilling machine: You need a drill to make holesilihg machine should be
installed on the supporting frame or should be weéddrilling machines. Drill
support should have an adjustable drilling depttirge Drill spindle must be such
that it can be very necessary to draw the drifl (X7 - 2.5 mm).

Drill Blades: You need a suitable selection ofeliént size drill blades. Smallest
blade thickness is necessary grounding wire h@i&srtim). The test case you need a
reading of the sheath 1.4 mm, 1.7 mm and 2.1 meR dhill bits. Since connection
sleeved come in many forms, you may need furthérsdres for good result. Sheath
model in addition to the hole size is also depehdammany factors: the hardness of
epoxy circuit board, glass fiber coarseness, #saié levels of quality, the condition
of the drill / boredom, speed, feed rate, etc.tB®correct hole size cannot be
determined exactly, other than by experimentafitemember to reserve funds items,
because the thin drill bits break easily (especilirable otherwise) and glass fiber-
based circuit board blunt the normal metal itemiskdu

Wire insulation removing tool: Recommended toda#-made from tweezers
(instructions for making wire stripper later ingldocument).

Picture 7: DIY tool to remove wire insulation (Tomi Engdahl)

Rotary Joint Tool: The best for this purpose i$-s&de rotary tool mount
(instructions later). Also ready-made WIREWRAP ®can be used.



Picure 8: DIY wire wrapping tool made of pen in usg Tomi Engdahl)



Hole matrix: Hole matrix is needed for drilling leslto exactly right places (helps
drilling). Hole matrix holes should be in 0.1 "(2.Bam) division. Vero-board is well
suited for this task.

Cutters: Small cutters is needed to cut the wires.

Bushing installation tool: Sleeve pusher toolftsehde according to the instructions
later) is attached to the drill used in drilling@st The sleeves are pushed into place
using the mounting tool and drill mount to get egiodorce (non-rotating drill sleeve
for installation).

Picture 9: Sleeve installation tool mounted to a diling (Tomi Engdahl)



Picture 10: Most important tools (Tomi Engdahl)



Instructions

Next instructions relates to VMM main forms of timethod, in which the lower side
is the ground plane and the underside of the maltage level; and any other
voltages are generated sleeves and wires belowsighal is wired circuit board with
a thin outer shell of the connection cable.

Prepare circuit boards

Cut the circuit board to the final length.
If you are using end plates, cut them into finahensions and make the necessary
holes in the end plates.

Make drilling stack

Drilling stack includes the following componentsase plate + + actual circuit board
controlling the aperture plate + hole pattern.

Stack these parts overlap. Fix drilling stack padashat they do not move during
drilling (you can use the binding posts, througltsceetc.).

Drill holes

All holes are drilled 1.4 mm blade. (The optimunehsize will depend on the sleeve
and the drilling).

Open stack

Open drilling stack. Align the sanding paper whk printed circuit board drilled the
worst of the burrs off.

Picture 11: Printed circuit board drilling and deburring after removal (Jouko Paloheimo)

Drill inlays

Drill inlays follow the instructions below:
Normal bulk components (resistors, capacitorsstsaors) into the holes on the



underside of the ground plane drilled a low cowitdting so that no contact with the
underside of the copper surface.

IC circuit ground connections are drilled 2,1mmpding so that the surface of the
sleeve inserted into the hole is flush with therdaaurface. The ground plane plate
into the holes drilled below the countersinking®e that no contact with the
underside of the copper surface. Ground connectiooie of 0.7 mm drill hole in a
rigid connecting wire. This drilled 0.7 mm holewsdened to plate underneath so that
the hole thru the flying wire does not touch théenside of the circuit board.
IC-circuits the power supply into the holes driliedhe immersion 2.1 mm so that the
surface of the sleeve inserted into the hole shflwith the board surface.

The hole expansion

All outstanding and holes extends 1,7mm drill. Ehbsles are drilled in addition to
low countersinking of both sides of the disc.

End pieces Installation

The underside of the circuit board copper at eachadose to the edge grooves to
discern the printed circuit board to get the bahdopper circuit board from the rest
of the copper parts. Because the ends are solttetld circuit board on both sides of
the plate, preventing the driving voltage side tredground side short circuit in these
grooves.

Solder the end pieces to the circuit board. Usddesng IC in place and effective
enough with a soldering iron. Clean flux from scda.

Ground wire soldering

IC circuit ground wires are threaded through thalspolymers and watered from
above onto the printed circuit board (= solderetheoground plane). Consistently
lower end is left free and the insulator.

Picture 11: The left side shows the end plate solasl to the circuit board (Jouko Paloheimo)



Painting of upper side

Handling of the circuit board and the end piecefases for painting (cleaning,
roughening, etc.). Keep the underside of the ditooard protected and paint with
spray.

Ground connections coupling

Normal discrete component holes in the ground plaoeIC-holes) extending the
drilling 1.7 mm blade. The ground plane is inseited the 2 holes to reveal the
switch wire to fill and bushings are pressed intce. Stranded wire ensures that the
sleeve having contact with the upper surface optaee to the ground plane. If you
want to make sure you can still join by soldering.

IC circuit ground plane, the bushings are presstmplace. Grounding wire
connecting the shell to get to the side of thev@emnd soldered.

Check with a multimeter or other suitable measudeyice, there is no short circuit
and earth voltage levels. If a short circuit hasiedo remove the sleeve bore, correct
the fault and squeeze the site of a new sleeven€&bors when installing, you should
always measure in at a few of the sleeve instaflatitervals of the short-circuit is

not born, so any fault the place is easy to lo(@te of the few previous
measurements after the sleeve).
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Kuva 12: Top size painted circuit board with groundng posts (Tomi Engdahl)

Voltage feeding bushings

The voltage feed bushings inserted into the haldssaldered to the bottom position.
Check with a multimeter or other suitable measudeugice, there is no short circuit
and earth voltage levels. If a short circuit hasiedo correct the problem. Connectors
when installing, you should always measure infataof the sleeve installation
intervals of the short-circuit is not born, so daylt the place is easy to locate (one of
the few previous measurements after the sleeve).



Bottom side painting
Bottom of the board is coated with spray paintred the upper level is protected

IC socket wiring and installation

The IC positions may be required internal wiring.
IC sockets pressed into place upon voltage feedyesahd bushings.

Wiring and sockets

IC stocks go wires threaded through the plate ablowg@osition of the peak and hole
in between. The circuit board under the future rgen@ent part of the shell to the
stripping tools. Cord into the IC position leg rida by the rotary tool joint. If
necessary, the rotary joint can ensure soldering.

Discrete wiring the cable is first inserted inte $leeve from the top down through
the hole. Subsequently, the sleeve is pressedhatbole of the sleeve installation
tool. This requires a degree of power. Exact sleestallation is easiest when the
bushing installation tool is attached to the drdlijig to drill tip, and a power drill is
used to help the sleeve printing (drill and ditifired the weight ratios help in
obtaining power). The sleeve is pressed, the swites below the cord are peeled
and attached to the bottom of the rotary sleeved Gbould not peel too close
pirilevyn copper surface, it is good to leave a fam of extra insulation and a "wire
loop" before the rotation of the joint. If necessdhe rotary joint can ensure
soldering.

Picture 13: Bushing installation with special tooland drilling machine as press (Tomi Engdahl)



Picture 14: Circuit in the middle of wirign and bushing installation (Jouko Paloheimo)
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Picture 15: Bushing installation with manual tool {/eikko Péyhdnen)

Component installation

Components pressed on stocks and sleeves.
Install any connectors and switches to the enckplat
After this the circuit is ready for testing.



Please note for the best final result

The distance between the bushings may vary thealgtup to 1 mm. This is, of
course, on which side of the wires are in the hol@ractice, the deviation does not

cause problems.



Compression fitting method - short work instruction

Main form where top side is the ground plane and the undeddithe main voltage
level; and other voltages are wired.

* PCB and the end plates are cut to the final dgiers

* End caps perforated as appropriate

» Establish a porauspakka: baseplate + actual bogrdding hole in the plate hole
pattern +

* All holes are drilled 1.4 mm blade *; pack wik ldemolished and emery paper
aligned to the worst burrs off

« IC circuit power supply into the holes drilledtime immersion 2,1 mm so that the
surface of the sleeve inserted into the hole shflwith the board surface.
Maaliitosten score of 0.7 mm drill hole in a rigidnnecting wire.

» Additional ground plane, the holes are drilledha plate below the low
countersinking so that no contact with the undersitithe copper surface. Also, 0.7
mm hole avarretaan below.

» Additional voltage level above the plate into tides drilled in the countersinking
low so that the sleeve contacts the shoulder forabede the surface of the copper.
The underside of the holes need only a burr removal

* All other holes of 1.7 mm drill bit is extendeddathese holes are drilled in both
sides of the low countersinking.

» The bottom side is made of copper grooves togarea short circuit when the ends
are soldered on both sides of the plate.

* End caps are soldered to the circuit board; Clearsurfaces fluksista.

* Chipset and end pieces for painting surfacesraated.

* Repainted shower so that the underside is predect

* Ground holes (with the exception of the IC-holesending the drilling 1.7 mm
blade.

» The ground plane is inserted into the 2 holegweal the switch wire to fill and
bushings are pressed into place.

* IC circuit ground plane, the bushings are presstedplace and the connecting wire
is soldered to the side of the sleeve. Check Heaetis no short circuit of Agriculture
and voltage levels.

» The voltage level bushings inserted into the $ialed soldered to the bottom
position. Again tarkistaan

* Disk underside is painted with a shower, so thattop level is protected

* IC Sockets, with possible internal connectionsite carried out, pressed into
place.

* Carry out the wiring and Sleeving.

» Components pressed into place

* Hole size will depend on the sleeve and theidgll



VMM with the power supply circuit board surfacetmgtions

VMM methodology

where the voltage is shown as a separate area ohterside of the

* PCB and the end plates are cut to the final dgiers

* End caps perforated as appropriate

* The circuit board is drilled all of the actualldnoles of 1.4 mm

* IC circuit power supply into the holes drilledtime two LMM dipping so that the
surface of the sleeve inserted into the hole shflwith the surface of the disc

» Additional voltage level above the plate into tisdes drilled in the countersinking
so low that no contact with the above copper serfabie underside of the holes need
only a burr removal.

* All other holes extends 1.7 mm drill

* Also, these holes are drilled in a low counteksig on both sides

» Chipset and end pieces for painting surfacesraated.

* End caps are soldered to the circuit board; Clearsurfaces fluksista.

» Repainted shower so that the underside is pexdect

* Agriculture and the voltage level of the bushinggerted into the holes and soldered
to the bottom position

» Disk underside is painted with a shower, so tihattop level is protected

* IC Sockets, with possible internal connectionsite carried out, pressed into
place.

* Carry out the wiring and Sleeving.



VMM with wired power supply

VMM method in which the wired voltage supply

* Printed circuit board and the end plates ardgatihal dimensions

» Paatykappaleet perforated as appropriate

* The circuit board is drilled all of the actualldnoles of 1.4 mm

* IC circuit virransyottoreikiin drilled two LMM giping so, that into the hole inserted
into the sleeve surface is flush with the surfactne disc

» Additional voltage levels of the holes drilledthre plate just above the low
countersinking so that no contact with the coppefase on either side

* All other holes extends 1.7 mm drill

* Also, these holes are drilled in a low countesig on both sides

* Chipset and paatykappaleiden surfaces with pegnti

» Paatykappaleet soldered to the circuit boardaCtlée surfaces fluksista.

* Repainted shower so, that the underside is pextec

* Ministry of Agriculture and a voltage bushingseanted into the holes. Ground
sockets soldered and

a voltage bushings in place to ensure liimapisarall

* Establish a voltage wire mat separate instrustion

* Disk underside is painted with a shower so thatupper level is protected

* IC Sockets with any internal connection is cortgde pressed into place.

* Carry out the wiring and Sleeving.



Variation2

Variartion 1

Both sides of the ground plane; voltages are waedither signals or with the bottom
wire structure. Also combinations possible.

Variation 2

The upper side of the ground plane and the underdithe part of the ground plane
and the trenches separated by one or more volsage r



Manufacture of tools

Bushing installation tool

The sleeve installation tool needs to be suchttieasleeve may be a printed circuit
board without damaging it. Bushing installationltsatypically suitably sharpened
metal pin which can be mounted drill stem.

Picture 16: Two different bushing sleeve installabn tools (Veikko Péyhdnen)

Wire insulation remover

Wire insulation peeler is made of small tweezeist fhe tips of the tweezers is
hyphenated in some way. After this, the tips fitedeither side of a small angular
with a file having a depth of about 0.2 mm in tleater of the triangle-shaped groove.
Each side of the three-tweezers to keep the groms@s precisely against each other
so that they can accommodate the space remainingée the root and used to just
0.25 mm thick metallic conductor connecting wirelgés of the groove is sharpened
by filing the tips of tweezers more. The aim istttiee tips of the tweezers used to cut
a thin plastic connecting wire / Teflon casing Badiut do not damage the metal
wires in the middle.

Use: Peeler is set so that the peelable cordhatsther side of the triangle groove in
the middle. Forceps pressed onto wherein the estdation is cut across. Cut the
insulation is removed by pulling on the forcepseggrers still pressed) towards the
free end of the line.



Picture 17: Wire insulation removing tool (Tomi Englahl)

Wire wrap wire twisting tool

Pencil pen (0.5 mm of lead or thinner) can be w@sed tool rotary joint. Remove the
pen and lead, and the tool is ready for use.



Information sources and writers

The text is written and edited by Tomi Engdahl. Téae is borrows short pices of
Jouko Paloheimo’s work instructions with the authpermission.

The photographs are taken by Tomi Engdahl, JoulahBano and Veikko
Poyhonen.

The sleeve drawing is made by Jouko Paloheimo.

Information source:
- Jouko Paloheimon notes
- Hand’s on introduction by Jouko Paloheimon
- Article Jouko Paloheimo & Rae Peréla: Wiring a ptgpe, Electronics World
July 1998, sivut 600-602



