NODE- BASED METHOD AND APPARATUS FOR CI RCUI T PROTOTYPI NG Field of the

I nvention 5This invention relates to a device for prototyping a circuit

Wi t hout using junper wires. Mrre particularly, this invention relates to a
node- based net hod for prototyping a circuit rapidly, independent of the
conplexity of the circuit. Still nore particularly, this invention rel ates
to a systemfor prdsEyANEBMEHOD AN APPARATIY FORSCIREUIRPRGTEAYPMGTRANS for
facilitating conductive pins insertion to interconnect the electronic
conponents of the circuit to be prototyped. 10 Background of the Invention
A breadboard is commonly used forprof@typine an el ectronic circuit as it
allows an electronic circuit to be tenporarily built, tested, nodified and
eval uated before fabricating the 15 final circuit on a printed circuit
board. _Through-holes are forned jn the breadboard to allow | eads of .
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t hrough- hol es. For such breadboards, el ectronic conponents are nounted onto
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and conneugtsetiontranteycoomet the etehieoric eadlooentsiofiBé ciguit tripeprotitypes. | N vari ous
Iengtﬂ? whi ch act as branches of the circuit to be prototyped. As the
circuit conplexity increases, nore junper wires would be required and hence
the circuit connections w || besagrurdbetheddhtisat ed and prone to errors
due to many junper wires crisscrossing on the breadboard. Furthernore,
verification of 25the constructed circuit is difficult to be carried out as
the circuit CORNRLILONG i8t&mMBhly RSY fdr DrOBtyhh@GH%lectronic circuif\ds APABRLALHS
that tried to address the above imtations 1S described in US Patent

Appl i cat i e/Actimic clrovi7 tobhe7 B pereriivt hudltl teBed, cnsidifieBead dvalimpedorfbreLabriswits thad.

Thi s cupgent. 30 descr.ibes ci.recubt board conprises nounting board
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Therefore, those skilled in art are constantly striving to devise a device
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and connected one by one to the breadboard using jumper wires in various lengths which act as

branches of the circuit to be prototyped. As the circuit complexity increases, more jumper wires

would be required and hence the circuit connections will become more complicated and prone to

errors due to many jumper wires crisscrossing on the breadboard. Furthermore, verification of

25 the constructed circuit is difficult to be carried out as the circuit connections are not easy to be

traced.

An apparatus that tried to address the above limitations is described in US Patent

Application No. 10/715,750 entitled “Circuit Board” by Paul A. Swetland. This document

30  describes a circuit board comprises a mounting board having various groupings of connection
points for prototyping a circuit, including a distribution strip, a connection strip and a terminal

strip. However, this apparatus is largely based on the conventional prototyping method as
described above and requires the use of jumper wires to extend the electrical connections to

interconnect the electronic components.



S Summary of the Invention The above and the other problens are

sol ved and an advance in the art is nade by a circuit prototyping device in
accordance with this invention. A first advantage of a device in 10
accordance with this invention is no junper wires are required to

i nterconnect the electronic conponents, regardless of the conplexity of the
circuit to be prototyped. Instead, conductive pins (or any short thin piece
of electrically conductive nmaterial) are used to interconnect the
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accor danceelativelipstdni timé.nvention is a circuit can be prototyped rapi dly using
a sinplified and efficient prototyping nethod (nanmely "node-based nethod"),
i ndependent of the conplexity of the circuit to be prototyped. This nethod
translates the circuit connecti oflam&fy of iR ifle@Gdk ONi ¢ conmponents into nodes
(i.e. connection nunbers) which 20enable a circuit to be constructed easily
and rapidly. In other words, this invention decouples the prototyping
process fromt Y, t ;
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systematic nner th reference to a 25 connectign table
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an aut omated neans, such as a robotic armor any sultabl e autonated

machi nes. iMPeeastivticent exhghestingjucaer bieescostosirgen the davica. far di st ance vi a
conmpuier networKk. A fifth advantage of a device in accordance with
this TTnvention is the reduction of ground | oop noise of the constructed
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unwant ed ground | oop nojse may affect the circuit function and perfornmance.
rototyped rapidly using a simplified and efficient prototyping method (namely “node-based
method”), independent of the complexity of the circuit to be prototyped. This method translates
the circuit connections of the electronic components into nodes (i.e. connection numbers) which
20  enable a circuit to be constructed easily and rapidly. In other words, this invention decouples the

prototyping process from the complexity of the circuit to be prototyped.

A third advantage of a device in accordance with this invention is the constructed circuit

can be modified and verified in an organised and systematic manner with reference to a

25  connection table having information of the nodes pre-assigned to all electronic components of
the circuit to be prototyped. Hence, the time for troubleshooting the constructed circuit is

relatively shorter.

A fourth advantage of a system in accordance with this invention is the interconnections
30  of electronic components via conductive pins can be performed automatically by an automated
means, such as a robotic arm or any suitable automated machines. The automated means can be

controlled from a far distance via computer network.



5In accordance with a first aspect of this invention, there is provided a
device for prototyping a circuit w thout using junper wres. The device
conprises a body having a first |layer and a second | ayer disposed bel ow t he
first layer. The first layer has a conponent zone for placenent of

el ectroni c conponents of the circuit to be prototyped. Each of the first

and second | ayevfgthhasandageiof § Heddddn accERIBARIVIFAARGREARIN iZ MRE&I LM RlgarapENt
of conductive pins to interconnect 10 the electronic conponents placed in
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t he second conductive nenbers. I n accordance with enbodi nents of
thi s i nveffiidegiive pegbgeschye ?'mtﬂtﬁélv lsebtegrﬁrogre@n%anpmer dTH%@peqnddavspb@@cblwbhive t he
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accordance with enbodinents of this invention, instead of having a third
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of the fiPEPPeiheNdsibe BRRIoTtBnERTER] PadWRMBBEEDES: a channel having two
resiljisently deformabl e | ocking portions to secure a conductive pin or

the termnal of an electronic conponent. In accordance with sone ot her
In accordance with embodiments of this invention, the body further comprises a third

layer disposed above the first layer. A plurality of holes are formed through the third layer and
aligned with the first and second conductive members for receiving conductive pins and
electronic components. The holes that are aligned with the first and second conductive members
30 in the first and second connection zones of the first and second layers are associated to the

points of the rectangular matrix (i.e. contact points).

In accordance with embodiments of this invention, instead of having a third layer with

holes formed through the third layer, a plurality of holes are formed through the first and second



10enbodi ments, the first and second conductive nenbers are conductive
strips. I n accordance with enbodi nents of this invention, the
conponent zone is adapted to receive a daughter-board which allows

el ectroni c conponents to be nmounted thereon. The conmponent zone, the first
connection zone, and the second connection zone of the first layer are 15
separ abl e idyeRmongele 181gaess thd NRBSdIBERE BRNEHBhEm B RE RRBLIR ENABLRELIRY a
connection nmeans. Simlarly, the first and second connection zones of the
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aspect of LSl te) re i [ QVi: . f pr typing a
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second | apEholds sposecidneltbavidnbeh 6f a Sitst loayesecotdheontiligtise nhemyter abhmasleérically
conpongnt zone fgrhglagen%nt_of ehﬁctronic conponents of the circuit to be
pr ot ot ype&EHER e FHE CqdEve M bEBcond | ayers has a first and a second
connection zones for placenent of conductive pins to interconnect the

el ectronic conponents placed in the conponent zone, the first and second
connecti on zon&sagPrdapee mifa erakastigenta pé rthiariavestionyneagh vift et firat ¢ secoadd
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has a plurality of first conductiveé nenbers 'extendl ng rom t he conponent
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the first and second connection zones of the second 30 |ayer, the second
conductive nmenbers are arranged perpendicularly with respect to the first
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conductive, menbers by a conductive pin at one of the contact points
establ i sh®%%n el ectrical connection between the one of the first
conductive nenbers and the one of the second conductive nmenbers. The net hod
conprises:- 5 providing a circuit diagramto be prototyped; nounting

el ectroni ¢ comMpaseqteancefwithhe sedopd aspectdefatyisanvention, libere dirpiovided azerteobfort he
devicg, f j 1 i , ' 0 I On _Nug f t he
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el ectroni c conponents that neet at the 15sanme point 1nthe circult Yagram
are assi grstciveyaniee Cionnaet ihen amiurbiity .of first condudtine acandretkapxendmgt from the
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connect | aRrans APl td Hotret Pidc Eeisabren P diing A Bkt Wbt S Ramadistor
the devi c@nidtitichmameedafatdat@nl itdatbBoMOAB BRAthON tHUFEBEH S af R rHABA ditkakite

connection table. 20 ] _
of second conductive members disposed in the first and second connection zones of the second

30  layer, the second conductive members are arranged perpendicularly with respect to the first
conductive members forming a rectangular matrix at each of the first and second connection
zones of the first and second layers wherein points of the rectangular matrix define contact
points for receiving conductive pins, each of the second conductive members in the first

connection zone of the second layer is electrically connected to one of the second conductive



I n accordance with enbodi nents of this invention, the step of formng the
el ectrical connections conprises:- displaying an i mage of the contact
points of the device on a user interface unit; selecting the contact points
to be inserted by conductive pins fromthe displayed image; translating the
sel ected contact points into X-Y coordinates; and inserting conductive pins
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processing unit, a 30 nmenory reada e processing unit, an autonated
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respect i vany secppb cgrinegfion| zgyesrofithe f!t‘;ﬁt phdisexbind layerd basedsin memdmtmafetamertber S
ext engp ng i fi& PALASH Oukhe first,and second connection zones
of the fi rlst art]ye(r% ﬁﬁé@&ﬂﬁ’}%m@% Fssf “85%’88 q %/e *"enbers are 5 electricall y
i sol ated from one anot her the second | ayer has a plurality of second
conductive nmenpers in the first and second connection zones of the
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at each of the first and second connection zones of the first and second

| ayers whEE&ITfH et wher etnHbe Fesminals gliiveror metre elrctebeic caeporamtstbet mesit At the f or
recei i Ngsanddh HRMME Lk d F}ﬁn ar@%&% ?(]j Lh% c%ﬁﬁ; ond, GRguct i ve menbers in the
first connection zone o e secon ayer 1S electrica Iy connected to one
of the second conducti ve nenbers in the second connecti on zone of the
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and one of the second €ofi FEMFRERS ByerdiogoHgutsn okfopnie dbe sisered’ t he
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first conductive nmenbers and 15 the one of the second conductive nenbers.

The syst etrdide Rspgsonaediop RYTPErE farBad indbormaedipntaide. menory for directing
t he pgpocessing unit to:- display an i nage of the contact points of the

device on a user interface unit; receive information of the contact points
to be insertednifgcadandectithveniadigerts ofmhihiaversien, t'hnmerpf afcforning tthe tlearisdl at e

t he sel ec nts into X-Y co i nat es; conductive
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the Dra The above and ot her aspects of this invention
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accormanyatdﬁ@\w@g@d cbrﬂaé‘m&o@hs bE'angu?orﬂetE§ rr?é@nse“yeg%dth\é')?chérdf?iat(é?v'ﬁ:ﬁg in

accordance with an enbodi ment of this invention; Figure 2 is si de vIew of
t he devi CGEIURIHMPFNSHS igbeticlarm.

In accordance with a third aspect of this invention, there is provided a system for

prototyping a circuit without using jumper wires. The system comprises a processing unit, a

30 memory readable by the processing unit, an automated means in communication with the
processing unit, and a device comprises:- a body having a first layer and a second layer disposed
below the first layer, the first layer has a component zone for placement of electronic
components of the circuit to be prototyped, each of the first and second layers has a first and a

second connection zones for placement of conductive pins to interconnect the electronic



30 Figure 3Ais a partial side view (from X-direction) of the conductive
menber in the first layer of the device shown in Figure 1; Figure 3Bis a
partial side view (fromY-direction) of the conductive nmenber in the second
| ayer of the device shown in Figure 1; Figure 4 is a plan view of a
device (first layer is shown) in accordance with an enbodi nent of this

5i nventi Or&omE(brgellﬂll’SEpSEr;\cJedS|nélhepéo?ih’ﬂ)o\'ﬂ!at"'bi\/i"oﬁl@c e MR stSRE odnd dMRECtRh zBrhﬁ ofl@éise@nghown
in Figure 4; Figure 6 is a side view of the device shown in Figure 4; 10

Figure 7 é%st\gretaH@thw@tthaﬁﬁtg@téﬁ@anq egpepdiopfonas @f de/firstelayes esrectively,thgur e 1
or 4) ar efl%%é@gggplu%thﬂl éfhlpsgg?mm%m&s &&%ﬁfngﬂ%m th omponehtgzldégtoathés a
flow chart show ng t or prototyping a c¢ircult 1 n accordance with
an 15enbodirstend sesbnd mr@eq:trwennésm‘f theFfiguraeergmﬁhmwsheaﬁrsemﬁp:ttee ofentbes areui t
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conductive members are arranged perpendicularly with respect to the first conductive members
forming a rectangular matrix at each of the first and second connection zones of the first and
second layers wherein points of the rectangular matrix define contact points for receiving
10 conductive pins, each of the second conductive members in the first connection zone of the
second layer is electrically connected to one of the second conductive members in the second
connection zone of the second layer; wherein a contact between one of the first conductive
members and one of the second conductive members by a conductive pin at one of the contact
points establishes an electrical connection between the one of the first conductive members and
15  the one of the second conductive members. The system also comprises instructions stored by
the memory for directing the processing unit to:- display an image of the contact points of the
device on a user interface unit; receive information of the contact points to be inserted by
conductive pins from the user interface unit; translate the selected contact points into X-Y
coordinates; and insert conductive pins at the selected contact points by the automated means

20 based on the X-Y coordinates. The automated means is a robotic arm.
Brief Description of the Drawings

The above and other aspects of this invention will now be described, by way of example

25 only, with reference to the accompany drawings, in which:
Figure 1 is an exploded view of a device in accordance with an embodiment of this invention;

Figure 2 is a side view of the device shown in Figure 1;
30
Figure 3A is a partial side view (from X-direction) of the conductive member in the first layer of

the device shown in Figure 1;



di agram shown in Figure 9; and Figure 11 shows an exanple of translating
the selected contact points into X-Y coordinates. 25Detail ed Description of
the I nvention This invention relates to a device for prototyping a
circuit without using junper wires. Instead of using junper wres,
conductive pins (or contact pins) are used to establish electrical

connect i 0Rig, Qs isW B EPINARLw 11Rf, RLEEHEARY he COTRRARM i if HEsLbAEH)d: oF O bE
prototyped. More 30 particularly, this invention allows a circuit to be

pr ot ot ypetheaigyicd shoandh figyd 8l y based on an efficient prototyping nethod,
nanel y "node-based nethod", independent of the circuit conplexity. This
"node- based net hod" has significant advantages over the commonly used

" br anch- beiged aned fiediew afka @ere (firkag et B shdven) SLETEER NS @Lthiad@Mbbdimiht o this
invention, the prototyping board is configured into various zones and

| ayer s’ t o™ HSM fy and speed-up the circuit prototyping process. For a
commonl y used breadboard, a circuit is prototyped in the follow ng manner.
A first 5 electronic conponent is nounted onto the breadboard and the
circui t bFigyeRdse panviewefdheleadonsiiayes ahide tevieg showripdigdrest ect roni ¢ conmponent
to the first electronic conponent and connecting a third electronic
conponent to the first and second el ectroni c conponents using junper wres.
Thi s pr ocEgwe b%s acaidetviawedheuddvick stedwn ieFigoeoni ¢ conmponent s are nounted and

i nterconnected on the breadboard. This circuit prototyping nethod is called
t he "branch-based nmethod". On the other 10 hand, in the present invention,
a circui trigse Praabws REGst BYd kbdoRdl 17BUYRE kUit (SBbRE 1T BEUrE 1R AP aRERbsaat O
the prototypi ng board within a conponent zone. All electronic conponents
can be nn@ﬁ%@&fﬂﬁmﬁﬁ@b@éW$@n§nt zone in any order w thout worrying about
how t hey are being interconnected |ater. Conductive pins are then inserted
into the prototyping board within a connection zone to interconnect the

el ect r oni Bgwerdpie Refitivs chaptustioadhgi the tninethaxb fop en@ntyping recircdib Moajcarpace withr @s ar e
requifyed to %ﬁtegcgﬂpect t he el ectronic conponents. This circuit prototyping
met hot! i s° R REEARER Yased et hod” . Figures 1 and 2 illustrate
a device for prototyping a circuit in accordance with an enbodi nent of this
i nvention. Device 100 conprises a prototyping board that conprises contact
20 poi nt FigHfep shays aneranagnie pladeuit ioerpnde b BEYRSEl ow cont act point | ayer
101, and second | ayer 103 positioned below first |ayer 102. Contact point

| ayer 101 has through-holes 105 for receiving conductive pins and

el ect r oni dgwe AP sreeriarsviewrpdf the davice SewondFigay émthlaszirodio Borhparentsireatntdddal | y
condugfi v, mbers, 110, 120 aligned with through-hples 105. Th hree
ayerd 1ofe THRPEIeRt AP gnd aonfeheantn sy har IR etk ey Brsst PN RUES
shown i n dFaggamnehcavn illiigee 9 ayer s 101- 103 are 25nade of a non-conductive

mat eri al and assenbl ed together to forma prototyping board with or

Figure 11 shows an example of translating the selected contact points into X-Y coordinates.
25 Detailed Description of the Invention

This invention relates to a device for prototyping a circuit without using jumper wires.

Instead of using jumper wires, conductive pins (or contact pins) are used to establish electrical
connections to interconnect the electronic components of the circuit to be prototyped. More

30 particularly, this invention allows a circuit to be prototyped easily and rapidly based on an
efficient prototyping method, namely “node-based method”, independent of the circuit
complexity. This “node-based method” has significant advantages over the commonly used

“branch-based method”, as described in the summary section. In this invention, the prototyping



W t hout a gap between any two | ayers. Arrays of through-holes 105
are formed through contact point |ayer 101. Each through-hole 105 serves as
an electrical contact point and is configured to receive a conductive pin
or the 30 lead/termnal of an electronic conponent. A conductive pin or
the |l ead of an el ectronic conponent is allowed to be inserted into

t hr ough- hdloerdiO&nfidurgd utoalatibys z0fesahd fysrs &f siﬁnElff@hl@kp@é&-%thé@%ﬂrﬁotefybﬁ@ged
parallelly to forma rectangular matri x of through-holes 105 for recelving
el ectroni @ &6Wponents (nanely "conponent zone") or conductive pins (nanely
"connection zone"). As shown in Figure 1, contact point |ayer 101 has one
conponent zone 107 and two connection zones 109a, 109b at two sides of
conponent zone FROFcONDMhOrseth breadhverdl @ 7irqug ichrvioti@dd inrthefdlowing egment a fitd7a,

107b separ ; .| ., For._an electronjc co nent havin

eads. ot e ploupeeribonFR AReq &R RGBS Sbhe SEER S herts vefrdeliy

t hr ough- hobnetdy @secseeremionit @dapondieteas firiiel&a6M0dorth f@dntindt dan&kigghr oni ¢
conmponent tbedi ng inserted into a_5 through-hole 105 at segment 107b. For a
si ngl e- i nMoEeEIBECPIRPIENE BhidS T tanA 4550AE elfsirenic FARPONGRSS LePgHUTRes Wires.g.  a
transi st omhivpioleds RIBRRBO LA LRERLARMEbmpbAtd £ MollAles afd ingefk%nﬁéc‘?&& Sk C
conponent can be inserted into different through-holes 105 along

Y- di rect i Bifadhoash gikisirircuiarratoprping enatiatt is ¢0F thelDRincsbaskdipethod020hes other

el ectghcahlyy RAR ' ers..J1Q formed in first |ayer 102, Conductive
nmenbers 110 are gyrr%géﬁ\éE}ég%{agﬁaﬁr?réﬁ"}ggmggg%edotfyﬁ%srt MR 'ceﬂetpflr%\'f FYIMROEE St ed
f rom eachowohée. prEfagipingoaut withia aeoieonchl Qohs il ete@dniol dohpaReras cay bef

t hr ough- h%loe§t63.95 al ong the X-direction as shown by arrow X in Figure 1.

Each condUctT¥& TdbarTROENSENG 8 23Y% oxdpr QY EopT WOHY NG APPUtthaw Ensirise briRg an

array of mhdrcoigbetbdles. 1QndudiROphis akd tHeWanEPREUGD NS pfﬁg&?pi%%oérﬂ%{m@g 15
er )

into two through-holes 105 al ong a sane conductive ne the pins

wi |l be i fPregmicaEe s ntergpenecaitiep eleritmist jomponentheounted imtd dcohwotend zone.

t hr ough- hg} Ll aetr] npec hr h the said . .
conductive ﬁg%gﬁ%&oargﬁf '%gn i%ﬁ‘lfrg nlng% g’%véggéé%ﬁ g?grgf’:oonﬁf‘tgst:t qhgnglrcf“f/ as
many t hr oRrgketyingesethbis oamedibe Comieeateaicndatiodt. conduct i ve nmenmber 120 i nst ead
of a hole-to-hole contact. As shown in Figure 1, conductive nmenbers 110 in
first layer 102 are grouped into two 20 segnents 110a, 110b. Conductive
menbers 110 i nrigeesTednd 11 QRistdte aaHé\ﬁldéeﬂJrV}z"r&t'atytp%%Jgibcuhoihe&cérg%c@fwith an
connection zone 109a and conponent zone 107a, ereas conductive nenber 110
in segment™ AR PEthi INVEARRY: \Revise L0f Gmpisesa RigtonpHe pard dhaieembiises ewest 109b
and cRNPOsHRHIayeP A6, A Paye CODANGH LN & ?&p%rﬁa&;pgin@rlag In?(ﬁ,ealﬁlf se@bh Ilagecitllb% al l'y
conductive material and can be forned 1n any suita e con I'gurations that
ar e capablogitighedsesiew ifirsg/ldvet kiZn gCantad mdint tayerelqdi has ahrotigtehol&51d5efad raubiviag

| ectroni ; ' ted into a t h hole 105. i bl
cont | gur ST en o PE0 R PR eBebe 16T RGRA engh BT B

parti cul aondanifé gamatisang, rachgreandtcinia@nhmerbes. 1idsd tré ehannel-1d3a¢é ng
two resili.entw deforg%p,le portions 112 (act as clips) to hold and secure a
fyepch p

conduct i VEE (.2 SRRSO ENRAS shon Wfdsusd ecthese avery Lebbre i ve
menbess krfieflpemea chitiue@e i oV i itRlhanged
parallel to each other angﬂﬁﬁﬂéﬁgga%ﬂﬁgeﬁgﬁ%’eﬂ“@@%@?p'ﬁg%ﬁa%&@ﬁl;
conduct i VEtheehdbear bepgeengnatvayaeds.wi t h an array of through-hol es 105 of
connection zones 109a, 109b along the Y-direction as shown by arrow Y in
Figure 1. Hence, conductive nmenbers 120 of second | ayer 103 are arranged to
be per pendi culfarayswt thraugisheles 1050are ¢m@t hriough coRtepsEntldRr ad1.f idchthrbagrer 102
defini ng ha’erlg)%t angul ar I‘?Eat rix of contact points for receiving conductive

pi ns. EaCR'®cORdUUES &M FErbEs! camactdamyard issonfigurdde fepvap conduptivedin or the
connect i MgdABrranIY & eteayf&ntgborhpdr@a;.1Q\5cor}éhaweapiﬁ%%9tléa§ﬁom dedrbfisert ed
at a contact point, the pin will be in contact wth a conductive nenber 110
of first C?fawrenmzf'wrtaggmemw ixtodthrowgh-hela)l05. A plurality of arrays of through-holes

105 are arranged parallelly to form a rectangular matrix of through-holes 105 for receiving
electronic components (namely “component zone”) or conductive pins (namely “connection

zone”). As shown in Figure 1, contact point layer 101 has one component zone 107 and two



5 and a conductive nmenber 120 of second | ayer 103 (arranged in
Y-direction), thereby electrically connect the said two conductive nenbers
t oget her. Conductive nenbers 120 in segnent 120a are aligned with

t hr ough- hol es 105 of connection zone 109a, whereas conductive nenbers 120
in segnent 120b are aligned with through-holes 105 of connection zone 10%
Each one @énreeiiUphéy BoaBTIMBI R th&Qided of EIRRENIZNR 107 €bRBbHehE BdeY107 is
connected to one of conductive 10 nmenbers 120 in segnment 120b as shown in
Fi gure 1. dixged inip twe segmestsdlorid doTh sepamtatberasnaiBapn FeeyneleatronzGameomanéct ed
to a sane t 1.V L n ment 120b is n l,l. tive
renber o 150 oS i Talead 8ok PeBRA bRl ctfod Besiafo S o GaRRYE
formed i niemat ssgmdnabdz, eberbasghe sdcbransad dfahe ds@roarpadbeneaf besdndertadintoski ng
a conductive pin inserted intg a _conta t_poin}. A,Possible configuration of
conduct i ve HeREBIesIOR 36 SSECER A AT Figal B cleel5pnic aMRoAPY 3UPE B BAn

conf i gur atu® RermBrkh(eGORMHELE WML dBR {ePmasN AN &drmihaMI dF3tht WRectronic
resiliently deformable portions 116 (act as clips) to hold and secure a
conduct i vECpRATENIBN foieripgested into differentathgusghdeles 495 plpes beiyastieyatsesMeriid7ai n
accordancgr¥&%gmég7glternative enbodi nent of this invention is shown in
Figures 4 to 6. vice 400 conprises a prototyping board having first |ayer
20 402 (see Figure 4) and second | ayer 403 (see Figure 5), which are

iml to first d d | 102, 103 of devi 100.. S d | 403
"ol 1 oned Bl divennnl a6 AtTol fafuge ayapood s dated: Bore By Bl Ko

devi ce 108enddewe GeenfidPs ioeSe BPingBAYS alfe| EPEHRGEheP @hdIéledtd4BY isdiBtbd floRséRAd,
t hrough- hol es 405, 406 are forned directly through first and second | ayers

402, 403 PBeserl cadugiecnemiealt i atisnet WG anasray 6f tregbihplendOTantriE i Xe
pins or | gadsoPhs SbaALY ALK XCRFRORENT Sich Fér{dﬁgivegﬁen?d%q%ﬁ?fe%g ab 3 Efetridf2.
403 are nmade of a non-conductive material and nmay be built from prototyping
printed chatkertcobumtiosan Firaysef thwdgisbdentdsl deers i1OR, cod@Btimapinheresepatedt ed
by a ]l .gap .02 or attached together w thout bet ween th

Payer B iR Bingaha BSIR iR wrdf e Mo RordR paEy e Ittt Mhe. as
t hr ough- httkasid kabducB: Mkmeentiacindapé flo tray@h-nblkt 109 fwildey ele@ridd) cordrietist

| ayer 402 has conponent zone 407 and connection zones 409a, 409b, and
second | aff61uBAGHe R cRAUPHGITREM SV 04 TBiseiRaliRsHIRCH SR Hgherntarl 08NSty Fob.
ThrOUgh'hmbﬁ&h&gghﬁémihﬁ§%nb@&ﬁ%e&@@b@%&mh&xﬁéh&ﬂ%@ﬂho%%&mﬁ%ghﬁ&@ﬂ&h&kth

t hr ough- hol es 406 of second | ayer 403 so that a conductive pin can be

i nsert ed ¢ntastighs hayntimbgek ilgemmdudtive oegibetsol183n #0Elayet(062 afepgroenedripbdwo

thro - hgl t catjon,. A9 of, fi .| ayer d [ h- hol,e 406 at
| ocatn RETso A et Bohtytm gl M By AR B bRy BB ng o
conduct i vEspifrrohigechien kareerooednd b@hgdrianDeaha. 107, echidr@niconduetiEomnembsr Ti@ninbe
renovabl y nount ed orZ%oIdened i n conponent zone 407. 5Arraés of

t hr ough- hSFEE" 408 Pif LERRISHE L 8RB0 oA AORBATRIM o 0P GRE SRS 408D of
first |aygzpbdQ@nab@vad@ad: Rasalhflel of dnNeletr@iane ebrddftiveShAWM RYdaeR @W) ( i N
Figure 4. Through-holes 405 arranged in an array are electrically connected
by conducferned irenbetitaae gonfighiagons| taet aneeansble Bf waeingHetking asosdugtive Fipphide

al ongct h h i ve. 420 i - di tj L Prefe ,
cond%?ti3g&ﬁgﬁﬁk$&%§®RP§H§B%%ﬁﬂgggggﬁuggBF%&@éﬁ&%gﬁfé%g 3mgéﬁhggﬁggﬁ(grray
of 10 t hodghivéohasbet)310 Gonpoment Figone 3407 Fors tids wadiedan nordiglmtioseearent S

407a, 407h of thrqugh hol es 405. E f_through-hol es 405
'n’ connectrie SoREMR0HOIES IEe PREG 1P UG BEANT o P Sy Py O 6

t hr ough- helhe «A8%edufe £&FBNRObinANEAQ7a by conductive nmenber 420, whereas
each array of through-holes 405 in connection zone 409b is electrically

connected to an array of through-holes 405 in conponent zone 407b by

condugtive ne . z i { on
zonet%oga ar ergr%g%ndg%gecrtlrg?@gia%%&%%}mfé%r{dégm{egﬁ ?ﬂ%?%?gaﬁgm%?&gﬁ%ﬁg%ﬁg%s 405

i N conneddoinductize menlt@enl20Tdne srrabged passialstocamnit odter ved geobet BtAR® sagments
connecti Z0 409s, are, el ectri cal isql ated.to conduct, ve mbe 20 in
ORI e  k age Rah g HE R N TR N A e e R

410a, 41Gbnedctiseesrd 10ay €098 @Bnale Y-direction as shown by arrow Y in Figure 1. Hence,

conductive members 120 of second layer 103 are arranged to be perpendicular with respect to



arranged parallelly in Y-direction (perpendicular to X-direction), shown by
arrow V in Figure 5. Through-holes 406 arranged in an array are

el ectrically connected by conductive nmenber 430. This al so neans

t hrough- hol es 406 are formed along the | ength of conductive nmenber 430 in
Y-direction. Preferably, conductive nenber 430 is a conductive strip

conf i gur edobduct@nmeraberanlo 26fiar lagy 100 defringighedigbisr #@6ix FEaba@rdoays ffr

t hr ough- hol es. 406 i.n _connection zone 410a is electrically connected to an

array of tHAESI§hCRAYELE AHE | FeClorRARtYOmMertise 149 08MVBY 26 gRdeleqtiispt Padntssr 430
Thi s al so comRBEngEAGEra¢ BNHHSUgh. \ﬁ@le@?(igb%héqﬁaoco‘ﬁ@&%@@En'nr@lnébrr‘te@ af &YorRict point,

t hr ough- hol es 406 i n connection zone 410a is electrically connected to one
conduct i véhwitrydirbedBepniashwisk 8 cong uetive aremippr IO of FirsblagdT-162 [aersngk@in Kﬂlrectlon)
connecti o er €0 e

(or 41%b) @g%??@chg;%t I a%%qlutggbf\(@?% IT%I rgoéﬁ?rcgan ge%anp%'rrercg%n etge'ﬁg}‘ 5’59[ P Iﬁl ar

t o conductpnectiberbed BNoﬁléZ:(hdua‘n:ve ormbesitegetiraneod0&ae (MmbeaOD inieghierstaokayer
402 (in Xagel recti O\%hd bh %g @:, rectangul ar matri x of contact points for
recei vi ng *CollEUe Y VEINFIU§E hokes Ad0f coppecianyzpne d099 hareabsnadigtive arepibarsi120
inserted af segmebh@ciobpt BligrAd th fhidugh-naid 1§§GP&£iml=-_é)6‘%rz%né1%’9b 4P3h AB of

el ectri cal connection will be established bet ween conductive nenber 420
connect i n@orﬂ_gc"t"é MEMPeys Y20 ipeegmon Hdd Iécﬁﬁmtr@@lﬂweormeﬁb@rtom efoeandattivag A9
to |—91(') n M‘embf—:@qtzo erbe r‘n@r?ttﬁag s%hmm?gﬂ; WO ommcorggomea%n%e erseﬁbl y
ont o conponent zone 167 8 e c conp be

pr e- nount 'édsesmemj 120denrghtted tdoo sanck camdhdtlhemembéranlo ih tegim:ntmqb(mﬁrntalld\ﬂéte 107
(or 407) nnectl 0 an er-board is re novabl y det achabl e
to corrpongg zone %bfriio]% aﬁfﬁﬂade ?E%”g ﬁcé’h‘f FYI U feat a’Hjeca”r?yafHS?“eé’dPt abl e

forms t hatnyasuialfi@paikeradénsaBRNLE tdpalle bh%cd@i@@lb&l@fg—é)&ﬁﬂﬁkt&@ pRQRERABE Mo FONE
107 (or 407) electricall %oq For exanpl e, the daughter-board has term nals

i nser t abl €74 8%PhrdagHL Oéfég“I@IE?”("éFomsvvedﬁef&%%h%ﬁémwnz'ﬁrwufﬁﬁﬁ (for
407) .15  this partTJI'ﬁar%bﬁf%u%ftloqeé/a'cﬁ%or?uQthnfe%erﬁQQ)lz S5 3LhHRERRL t@o&e?rg/tl ry
directions. For exanple, first layer (or 4 3 IS separable in ree
connect abfieforswbteirontiony 016 (Eﬁasalgsbclhatd@dd B&Iurﬁmn@on\lmmt/e giongs L@dy.(or 407),
connection zone 109a (or 409a) and connection zone 109b (or 409b) 15
respectively. Second |ayer 103 (or 403) is also separable into three
connect abl e SeA:Ué\DﬂeSfoﬁﬁrib-t&Q@n§ia Birdullin b&ofdah&t wikiayesitekftivé @mbd@dknt 38RIs

Figure 7. The t e sections 701-703 are connectabl e toget her by a

connect i oY er?é'ﬁ'ﬁ§ PO indigyres detp ShiDRYCeHIraBIPEIES aPHet8tYEIRE ﬂi‘l’ﬁlﬁlﬂ‘éng first layer

conf i gur a4g2qékeirfuksAhHY sécBn@Ia@@ﬁg§(se&ﬂ§m9@Fuﬁncﬁ RGinkRAf td A&t %QZécohélaQ&QU' red

for acconmodating nore or |arge electronic conponents or alar

connect i owz'z%ﬂi"éﬁlj@@ae 1000 Pgcqrdriay4 093, is 4odtivned selowani la@heﬂmf!rzolamdﬁir(}sdat i ng

nore con for P ot of irc

vt oo 1 gaEre ¥F 498@ devige 200, e lTa008ed B |a<¥6uanc‘%ﬁapﬁ%'”t Budic i HReRE by

a flow crtarotuglaeaes mSFn@ﬁmre f&medrunaacs,ahdagnersmmmseamhdaam@lamm3 @fsetvhlas

i nventi onelecr g di a ram to be prototyped is provided in step 802. All
'Cﬁ{ﬁ?ﬁ‘ 10| Qo'mé OFECEIHRS E9dEve péﬂsai’drl%ﬁ‘?f tof)e'B%t“ﬁ‘t‘%‘ioﬁ’cp)?B%‘Hs -afiEst

el ectronic

mount2sd it GeeIPERENB0Z MR a]Fane{d@ron'aozan EdhagdiRp rﬁzgémall ahd anAasobligrehpar d
is used instead, the daughter-board with the nounted el ectronic conponents

i s at t ac OB AAPSHEHEURaaEds1 G5t eod Ses0T lavarnde; 693 BaBhe sepoeteddyeisonllt abl e
i's fOrma%at%@@ecqa%crré(a\%éeggecﬁ\lt‘?\gﬁtra%%g%e%g}?%ecp/% y@r[se bei ng i nterconnect ed

in the circuit diagram term of an e oni ¢ conmponent will be
assigned a specific connection nunber (narrel y 30 "node"). If the termnals

of two of m)rerhelagrctronl%: fc?%rgponﬁnI S neet t he same E»%i nt in the circuit
di agram these 't &r Ai5T41°8" Qi PovEY %§§4%r’né%? g%%’r‘ﬁ? 0B FeameRe e ERelssdR° t abl e
i ncl Bdes of nbovat@boioN 1a9ér Love fatogteRe a®di gNRE [dyer Abd Ha€lcBhPaheht @bnd B67 and

el ectronic cor’%)onents in the circuit di ag@:m The nodes are associated with

t he cont &BE"EAUIhINes A0 AR BN receask dayen fifahas 0otpolest 2amFo408 angoigpneciome
i nsert ed z8yes GABLUSI0LY ETIb - holdl€ads bt ORFEH R LHE YR &Mt NS TRARS AP ke

through-holes 406 of second layer 403 so that a conductive pin can be inserted through any two

aligned through-holes 405, 406. For example, through-hole 405 at location A9 of first layer 402

10



contact points will be elaborated further by an exanple below. In step 808,
el ectrical connections between the electronic conponents nounted in
conponent zone 107 (or 407) are established by inserting conductive pins at
t he appropriate contact points in connection zones 109a, 109b (or 409a,
409b) based on the connection table forned in step 806, 5 The

met hod f oan@ihedughYiblegs & 16dati6hAS oftkStdh I8EVA0R & reldlignddOitI&Ha) other REWceiving
illustrated by an exanple shown in Figures Sand 10. Figure 9 shows a

circuit dPA& Fﬁ'VQ(PG‘ o 6 eeridhere{RUEh R EFPNICRPPPRSES @N BF BIROVRIDM POUTiaR

resi stors,f Blyefdddn B b j;stor (Ca), and a battery (V1). Crcuit
dlagran1900 h§s f?ve 533%5 ﬁgﬁéiled as 1. to 5. As shown in the circuit, a

termnal of Dl and a 10 terminal of Rl are connected together at the sane

dh h
STt o anal ya a0 Dup g DS FormaTorbtie 0L Brorbr e £oREAREn RS

sinmilaf anal ysf8°%¢ Eorponents.

connect i ofirst R{Mdract eve atrah@dipbralé|R O ﬁﬂ?r&@i@n \Wwhowmby dredwixl esrigund or Thaddgdmoled t he
el ectroni c_conponents and their assigned nodes is fornmed in Table 1 bel ow

El ect r oni fOTHMPBRHEIARE arBnectactisalMsabracied oy sonfustivemeber 4p Phissalsogpeaps 3

through-holes 405 are formed along the length of conductive member 420 in X-direction.
Preferably, conductive member 420 is a conductive strip configured to connect an array of
10  through-holes 405. Component zone 407 is divided into two segments 407a, 407b of arrays of
through holes 405. Each array of through-holes 405 in connection zone 409a is electrically
connected to an array of through-holes 405 in component zone 407a by conductive member 420,
whereas each array of through-holes 405 in connection zone 409b is electrically connected to an
array of through-holes 405 in component zone 407b by conductive member 420. The arrays of
15 through-holes 405 in connection zone 409a are not electrically connected to the arrays of
through-holes 405 in connection zone 109b. This also means conductive members 420 in
connection zone 409s are electrically isolated to conductive members 420 in connection zone

409b.

20 Arrays of through-holes 406 in connection zones 410a, 410b of second layer 403 are
arranged parallelly in Y-direction (perpendicular to X-direction), shown by arrow Y in Figure 5.
Through-holes 406 arranged in an array are electrically connected by conductive member 430.
This also means through-holes 406 are formed along the length of conductive member 430 in Y-
direction. Preferably, conductive member 430 is a conductive strip configured to connect an

25  array of through-holes 406. Each array of through-holes 406 in connection zone 410a is
electrically connected to an array of through-holes 406 in connection zone 410b by conductive
member 430. This also means each conductive member 430 connecting an array of through-
holes 406 in connection zone 410a is electrically connected to one conductive member 430
connecting an array of through-holes 406 in connection zone 410b. Conductive members 430 in

30  connection zone 410a (or 410b) of second layer 403 (in Y-direction) are arranged perpendicular
to conductive members 420 in connection zone 409a (or 409b) of first layer 402 (in X-direction)
defining a rectangular matrix of contact points for receiving conductive pins. Hence, for example,

if a conductive pin is inserted at contact point A9 of first and second layers 402, 403, an electrical

11



Q 1, 4 5V11,2 15Tabl e 1: A connection table for circuit diagram 600
El ectroni c conponents Rl, R2, D1, 01, V1 are nounted in conponent zone 107
(or 407). Figure 10 shows a device 100 with el ectronic conmponents Rl, R2,
D1, 01, V1 nounted thereon. Conductive pins are inserted in connection
zones 109a, 109b based on the nodes listed in Table 1. 20In this nethod,

t he nunbercoofectioded koesalrioted bmweaseoddhnaarnhcynwrmhotcbﬁmelaurﬁgoﬁg t0fa1 in x-

el ectronic nt be proto The insertion of conductive
pi ns |ntodér8%%§f‘$ E‘ﬁ'ﬁ%g‘efﬁ%@r430%8}?%'&’\9489%'” YA8EHont n st ep 808 may be
performed manual ly or by an automated neans (e.g. a robotic armor any

sui tabl e
Instead of mounting electronic components directly onto component zone 107 (or 407),

5 electronic components may be pre-mounted onto a daughter-board and then attach it to
component zone 107 (or 407) by a connection means. The daughter-board is removably
detachable to component zone 107 (or 407). The connection means may be in any suitable forms
that are capable of connecting the daughter-board to component zone 107 (or 407) electrically.
For example, the daughter-board has terminals insertable into through-holes 105 (or 405) of

10 component zone 107 (or 407).

The size of device 100 (or 400) is adjustable in X and/or Y directions. For example, first
layer 102 (or 402) is separable into three connectable sections 701-703 associated to component
zone 107 (or 407), connection zone 109a (or 409a) and connection zone 109b (or 409b)

15 respectively. Second layer 103 (or 403) is also separable into three connectable sections 701-703
similar to first layer 102 (or 402). See Figure 7. The three sections 701-703 are connectable
together by a connection means 709, e.g. matching connector. This expandable configuration is
useful if a larger component zone 107 (or 407) is required for accommodating more or large
electronic components or a larger connection zone 109a, 109b (or 409a, 409b) is required for

20 accommodating more conductive pins.

A method for prototyping a circuit using device 100 (or 400) is described in the following
manner as illustrated by a flow chart 800 in Figure 8, in accordance with an embodiment of this
invention. A circuit diagram to be prototyped is provided in step 802. All electronic components

25 of the circuit diagram to be prototyped are mounted onto component zone 107 {or 407) in step
804. If a daughter-board is used instead, the daughter-board with the mounted electronic
components is attached to component zone 107 (or 407). In step 806, a connection table is
formed based on how the electronic components are being interconnected in the circuit diagram.
Each terminal of an electronic component will be assigned a specific connection number (namely

30 “node”). If the terminals of two of more electronic components meet at the same point in the
circuit diagram, these terminals will be assigned a same node. The connection table includes
information of the nodes assigned to all terminals of the electronic components in the circuit
diagram. The nodes are associated with the contact points in connection zones 109a, 109b (or

409a, 409b) to be inserted by conductive pins. The relationship between the nodes and the

12



25 automat ed machi nes) which is controllable froma far distance via
conputer network. If the insertion is perforned by an autonated neans, the
step 808 conprises:- display an i mage of the contact points of device 100
(or 400) on a user interface unit, e.g. a touch screen; select the contact
points (in connection zones 109a, 109b or 409a, 409b) to be inserted by
conduct i veopgispointh agle de ogfakioied dwrtieas t hyoAn texpnile -belayy.s 18t 4¢P 8% #ecttiche by
activatin : [ . [ ' '

el cored SRR BkAkk B McBoM SO RRL AN RGEM hETE) B ™e o o
t he sel ecteablisionit BCihsepignibsdlayiveapinasit thaappdprieansntbapechton cdhmecioryzones

coor di nat associ at ed he sel ected contac oints. Figure 11 shows an
exanpl e o?g%oigggﬁ%&ggq'éé%%éhasego?:g}‘ftcﬁ?:’fecﬁﬁ tﬁglgtf%{ﬁ‘éd f”rsé‘?'f’s}{égt ed into XY
coordimates of the autonmated neans. For exanple, the sel ected contact

points at locations A3, C2, E2 and F1 in connection zone 109a are
transl ated i nt hexgthed frdiretatyeiss gfcireait usingdevieg 100 (vr 409)gs n@y ilsipted by 71

resPect | Vel BRGE n GARLUCHNG, RLOS9CANORIAGEHEALRLYo LIIBSTLGRpel uhe

sel ected contact points e aut omat nmeans robotic arm based
on the | ocatprorsa diede{lEy tiyy rédseorX{RL andd¥2gliantzeneistor (L), and a battetyn(Vak c@redit ng

n the Iocan ol rtdheork(nd : ehriva o1
Compr | Ses ARIMEO10 Moo RoBE B Gadceet yRamb U 4 od LB g oCRF £y

Menor yo r eadaaEofRY atd\@npERGEEEItG atl tHelsam@ ot RhediheRavemit&s ge assighedot i c
armor any suitable automated machines) in communication with the

processi ngySUPR Fodegif Npgest rAidIasRgalstis Bairie ot AROMRSY pleFieRnigsaoretty 4 he

15 procesgdgctlbRi tableO ford iRl 2¥iagim! BB@GNAtN GRRdEONEBREatRAI BE ShofeidEyhice 100
(or 400) on a user Interface unit (e.g. a touch screen); receive fromthe
user i nt eednaeentnind thhieaisighet mmaes o forokd fhi@bledrieet points to be inserted by
conductive pins (selected by a user); translate the selected contact points
into X-Y coordinates; and insert conductive pins at the sel ected contact

poi nts by the aufonatmsttrgriansmpas@e on { hecoxnettiePNUGbERY @sdedSSpCi ated to

t he sel ected contact points. 20 VWhile preferred enbodiftents of the
present invention have beenRYescribed and illustrat8d above, it is to be
under stood that they are exgppiary of the fnventiogn.and are not to be
considered to be|linmting. It is expected that those skilled ip the art can
and wi |l design alternativebenbodi nents|that infrizmnge this invention as set
forth in the fol lFewing—eclatns—25—VWhat+-s—elatlmredi+s—3—A-device for
prototyping a cifcuit wi t hoBit usi ng j unper wires, *he devi ce conprising: 5
a body having a fiTst Tayeryand a second Tayer dispesed below {he first

| ayer, the first [layer having a conponent zone for placenent of electronic
conpokents of the circuit Tabldhl Anoonestigptatile ferxahuibdiagrive 609 r st and second

| ayers having a first and a second connection zones for placenent of
conductive pins to interconnect the electronic conponents placed in the
conponent Eléanaic compoddntssitl, and1s aeondare avuakt iimtonines 0fe L07eose@NEiglrayer

are aligned with the first and second 10connection zones of the fLrst | ayer
respect i VJ& §,hows a device 100 with electronic components R1, R2, D1, Q1, V1 mounted thereon.

Conductive pins are inserted in connection zones 109a, 109b based on the nodes listed in Table 1.

20  In this method, the number of nodes does not increase linearly with the number of electronic

components to be prototyped.

The insertion of conductive pins into connection zones 109a, 109b (or 409a, 409b) in step

808 may be performed manually or by an automated means (e.g. a robotic arm or any suitable

25  automated machines) which is controllable from a far distance via computer network. If the
insertion is performed by an automated means, the step 808 comprises:- display an image of the
contact points of device 100 {or 400) on a user interface unit, e.g. a touch screen; select the

contact points (in connection zones 109a, 109b or 409a, 409b) to be inserted by conductive pins
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the first layer having a plurality of first conductive nenbers extending
fromthe conponent zone to the first and second connection zones of the
first layer wherein the first conductive nenbers are electrically isolated
from one another; the second |layer having a plurality of second conductive
menbers di sposed in the first 15 and second connection zones of the second
| ayer, th&2€dEdribe exnecionitate ndisistarsampe dene kmsdvRtine theeseatacUunanth {rogi the
respect tQibibedfibbat t
Cach of t PR eubgt AR AL e IRRRGES AL DRy BpdrBRpRDTHS RterP Rt

| ayers wheineian tpmlsﬂesecbtorttm pogntd avlgulaaltonnmw meaokebasae obothe acY cpmriimta&sf or
recei ving_conductivye pin each of conductive

(et conRBanan 1 Yk Matte G Ge St By TLhuPEct Febiey CBRBE cERTE]
200ne ®f téhRac @oRRtare @RFLALD Weo RENdBIdMatdd df iR sR6RRMEd GRARE Chr@RardgBehef t he
second | ayer; wherein a contact between one of the first conductive
menbers apRiedfroatact paints didesato AR dtRe £7 el HeRBRIMSCtisy zanciaatettrapgaise intat  one
of the contyaghraRidilo? (£SLRRY 1SPES spthLEH! b ONRAE ko NahBe one
of the first cBnductl \{/e rrgﬁ) P%an th{Lea o}nre p%?‘JNeﬁye secon ﬁ%\l{lb?tgl Se
menbers. 2&uragely ‘ﬁh@”tadlatltmeseﬁctedlcanmtlgommwmeraumm@tbbmyarfsuegraelrobgnmpm ses a
third lay i ed aboyve t e a plurality of holes forned

t hr ough tﬁgsegﬁ Cat'%””ﬁﬂ%ﬁ%ﬁ\"@ﬁé?%‘?}%a %e first and second conductive
menbets for recel vi ng conductive pins and el ectronic conmponents. 303. The

device of claiml1, a plurality of holes fornmed through the first and second
| ayers along t H‘eaqc‘érﬁtj‘ﬁl‘(‘“@fa”c ?féqui”F%”tt OA1\is R & SYRRTR PR RICtRREE s Cifcyt

recei vi ngchQRAbCad e 180 5% 486)Gs %E&RBJQOJHo(}e GURQEE shit RleRiohy feh@apiobeHei N

the first and second connection zones of the first and second | ayers are
f or med at Probessiopatih@nh apiomated. meass (Erge a debetic ernpér Emlvawmb_le autcaetedoiaghireesfinr st

Condth v nﬁ?ﬁm?é‘aﬁ iBn bv%:h?h goha{]e[s]s(?rig uni andQnsitructu%ns 3 ore I?yr% %%]é/l O%Pec?n%t?\%kl ng

pOI’tI ons 0O secure a con
conpotent pro&ﬁsﬂmndem djeplsqfarﬁin&igmol theeaﬂhacmfpotnlfbeofsmadtooqmm ioviea oEaYber s

is a chanpel havin 5| | i entl def or mabl e | ocki nL% portions to f\'s;rijcure a
conduct i vA5faRe upt ad%\‘ﬁ Seregh); Eﬂc%l' Veriram the HregiiHerHE Unitites Infsmatit ¢
nmenbers aiRifeOROMEt foVie HhdriddShy conductive pins (selected by a user); translate the selected

contact points into X-Y coordinates; and insert conductive pins at the selected contact points by

the automated means based on the X-Y coordinates associated to the selected contact points.

20
While preferred embodiments of the present invention have been described and
illustrated above, it is to be understood that they are exemplary of the invention and are not to
be considered to be limiting. It is expected that those skilled in the art can and will design
alternative embodiments that infringe this invention as set forth in the following claims.
25
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107. The device of claim 1, wherein the second conductive nmenbers are
conductive strips. 8.The device of claim1l, wherein the conponent zone is
adapted to receive a daughter- board which allows el ectronic conponents to
be mounted thereon. 159. The device of claim1, wherein the conmponent zone,
the first connection zone, and the second connection zone of the first

| ayer are separable fromeach other. 10. The device of claim1l, wherein
the first and second connection zones of the second | ayer are separable
from eachWhehigclain®@l is:11. A nethod for prototyping a circuit using a device
conpri si ng: a body having a first layer and a second | ayer di sposed
below the first layer, the first layer having a conponent zone for

pl acenent 10f eh@eiliteadi &oib@im(g&&ﬂhﬁt\mfhohh&mgljlﬁrﬁpﬂr'ﬁmrfe@ thedgpicotabypizd, each of
the first and second |ayers having a first and a second connection zones

for placenment 6P°dvét9v'ee>ﬁaﬁ&iaw/f<ién$? f@ow%'av%ﬁléwsﬁﬁ%lew theHrstdavgE thegirtdaver

conponent faHgaCBfhpbiknk AsheGOIRBRBL o?@l@@cron‘icrt%mpbﬁé'&s SRk §@Gl@%e§§?6‘t@%fe& on
zones of the second |ayer are aligned with the first and second connecti on

zones of 48 of thedirstlany escondloyrse bavnglayfirst and a second Conmh@lof’ﬂ@@@qu@jﬂé?mﬁé\ﬂfng a

p| ural it ycoqlf aét'svgz)gﬁggmnqgrggnne t@QB?trgn. &n@;{q&qgé}glpgtcé)ﬁ tng oﬁﬁﬂmgtﬂ%k e to

the first an connectlon Zones o erein tH irst
SOConductﬁMEamEﬁhGWSc@ﬁedﬁhemmégcﬁ%byeumdhamedmfmgnmomﬁhamoﬁhemndsmmnd t he
secon of second conductive nenbers disposed in

| ayer havin luralit
t he f%?st‘HWBGQQéﬂﬁﬁoégﬁﬁgﬁay HesPETiEVof the second | ayer, the second

conducti ve mermRr firs@lifehbARD 8 Rafiw edtdfigeidubtivel hBmb&s PSEdnding frdie ther st
conductive nmenbers formng a rectangular matrix at each of the first and

second coffTeRANERIrEoRB e sheofirst prd seconst coaanertioecemry afdhe fist imver whefeipohafist of
t he reCtﬂﬂQy&@he Secgﬁéﬂﬁ&kﬂ%u ONLRE FroR¥nBLFoth@l receiving conductive

pi ns, eac conduc ive nenbers in the first connection zone of
the second | ayéwe seondliaet haviag d ylu(amnﬁee@dd tondonveoherhbees diemoed inctbadintt | ve
nenbe{§ | he second, . connect zon %he sec ond I§¥

second connection zones of t e seco Iayer the secon conducti me’mbers are arranged

perpendicularly with respect to the first conductive members forming a rectangular matrix at

each of the first and second connection zones of the first and second layers wherein points of the

rectangular matrix define contact points for receiving conductive pins, each of the second

conductive members in the first connection zone of the second layer is electrically connected to

20  one of the second conductive members in the second connection zone of the second layer;
wherein a contact between one of the first conductive members and one of the second
conductive members by a conductive pin at one of the contact points establishes an electrical

connection between the one of the first conductive members and the one of the second

conductive members.

25
2. The device of claim 1, wherein the body further comprises a third layer disposed above
the first layer, a plurality of holes formed through the third layer and aligned with the first and
second conductive members for receiving conductive pins and electronic components.

30 3. The device of claim 1, a plurality of holes formed through the first and second layers

along the length of the first and second conductive members for receiving conductive pins and
electronic components wherein the holes in the first and second connection zones of the first and

second layers are formed at the contact points.
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wherein a contact between one of the first conductive nenbers and one of
the second 5 conductive nenbers by a conductive pin at one of the contact
poi nts establishes an el ectrical connection between the one of the first
conductive nmenbers and the one of the second conductive nenbers; the nethod
conprising: providing a circuit diagramto be prototyped; nounting

el ectroni & conpemesyice abfclaipnd, eaghcaiithe dishgerainrtive merebears ispoeiantel 2gwes o t he

10devi ce; resiliently defofnggm p)gkiﬁ% &Qﬂ&%% Le%[}retaacgk&cn@e\r{éiagr &8?&%?%\ %n%ﬂe@pgﬁf for
the el ectronic ‘conponents of the citcuit diagra erein the connection
nunbers aren@associ ated to the contact points of the device; and

formng electrical connections in the first and second connecti on zones of

the first and 15second | ayers based on the connection table to interconnect

the el=®ct Boni CTIROMRNRBGNEISIM 1) hEEoAREBRBANErA0RRe mekwbersTing cRBhBIGGVAE 1od ai M
11, wherein the step of form ng the connection table conprising: assigning
a connect rStienlrfsiormakie logling rosvians tasecwr acprdusivedtt-oni ¢ conponents of t he
20circuit diagramwherein the termnals of two or nore electronic
conmponents that neet at the same point in the circuit diagram are assigned
a sane cohnect Tedemgartfataim 118herdihéhefizstivodvofivechamrarddre covver®ientrivhe st ep of
formng the electrical connections conprising: 25inserting conductive pins
at the contact points of the device which are associated to the

10 7. The device of claim 1, wherein the second conductive members are conductive strips.

8. The device of claim 1, wherein the component zone is adapted to receive a daughter-

board which allows electronic components to be mounted thereon.

15 9. The device of claim 1, wherein the component zone, the first connection zone, and the

second connection zone of the first layer are separable from each other.

10. The device of claim 1, wherein the first and second connection zones of the second layer
are separable from each other.

20
11. A method for prototyping a circuit using a device comprising:

a body having a first layer and a second layer disposed below the first layer, the first layer
having a component zone for placement of electronic components of the circuit to be prototyped,
each of the first and second layers having a first and a second connection zones for placement of

25  conductive pins to interconnect the electronic components placed in the component zone, the
first and second connection zones of the second layer are aligned with the first and second
connection zones of the first layer respectively;

the first layer having a plurality of first conductive members extending from the
component zone to the first and second connection zones of the first layer wherein the first

30  conductive members are electrically isolated from one another;

the second layer having a plurality of second conductive members disposed in the first
and second connection zones of the second layer, the second conductive members are arranged
perpendicularly with respect to the first conductive members forming a rectangular matrix at

each of the first and second connection zones of the first and second layers wherein points of the
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connection nunbers formed in the connection table. 14. The method of claim
11, wherein the step of formng the electrical connections conprising:
30di spl ayi ng an i mage of the contact points of the device on a user
interface unit; selecting the contact points to be inserted by conductive

pins fromthe displayed imge; translating the selected contact points into
X-Y coor df§iangdar gayix define contag{sRaints fey oA CcPRACenRinateacthaf dke &ePRy

contact PebusivenedtbefUh Q&G o RN, mggfitmewa_@ |a§ems@@%94nv%ﬂ$ealeg 15-A The

net hod of claim 14, wherein the automated neans is a robotic arm

syst em f opnpeidhoteppidrgnductver membersintthoecondsionteciiemee ofine ssrond lagersy st em
conpri sing: 52, RIAGESSH NG, Mhl.Ler SheTRIRE oot LAHARLEBYpbRSRLACERRE DG ORA 1
an autonated nEans in COMUMI catl on wih the processing unrt; a device
conpr i %i ngondactivedyenfiteyd ifga orfduttit piraytesnearidhecaeropainlsayg@blistes poslecritx| ow
the first layer, the 10 first_|ayer havin% a conponent zone fqéﬁplac ment

of el ect r GHIECOBNhsEMEAT Ehetne; pathe] firstluFAndpe VB PRI D RYDARE OBSOh 183 SERBT £ i r st

and secongorldamie snetbéisN@e tethddtbmdhghgd second connection zones for
pl acenent of conductive pins to interconnect the el ectronic conponents

placed in the ewigHaeNIcuicigran tedefiretgtyredid second connection zones of the
sgcond | ayer aﬁw%ur?tlir{g%me%grf)x\fc tcglmg)&%ntsl Jf%Ee %pc(aitsa‘ia’a%PMincﬁQ r&gﬁ'\&)br%?ﬂ 20RE5 t% the
first |ayer 15respectively,
10 device;
forming a connection table having connection numbers for the electronic components of
the circuit diagram wherein the connection numbers are associated to the contact points of the
device; and
forming electrical connections in the first and second connection zones of the first and

15 second layers based on the connection table to interconnect the electronic components in the

component zone.

12. The method of claim 11, wherein the step of forming the connection table comprising:
assigning a connection number to each terminal of the electronic components of the
20  circuit diagram wherein the terminals of two or more electronic components that meet at the

same point in the circuit diagram are assigned a same connection number.

13. The method of claim 11, wherein the step of forming the electrical connections
comprising:
25 inserting conductive pins at the contact points of the device which are associated to the

connection numbers formed in the connection table.

14. The method of claim 11, wherein the step of forming the electrical connections
comprising:
30 displaying an image of the contact points of the device on a user interface unit;

selecting the contact points to be inserted by conductive pins from the displayed image;
translating the selected contact points into X-Y coordinates; and
inserting conductive pins at the selected contact points by an automated means based on

the X-Y coordinates.
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the first layer having a plurality of first conductive nenbers extending
fromthe conponent zone to the first and second connection zones of the
first layer wherein the first conductive nenbers are electrically isolated
from one another, the second |layer having a plurality of second conductive
menbers disposed in 20 the first and second connection zones of the second
| ayer, the second conductive nenbers are arranged perpendicularly with
respect tasthethé method endiiatiuMendiBRTRLathARAE Mehndishe6hRRgphar matrix at
each of the first and second connection zones of the first and second

| ayers wherein points of the rectangular matrix deflne contact points for
recei vi ng,gond . A t he
first con%gctlgﬁy%éﬁon ﬂﬁ?wﬁﬁgggg%5&Gﬁ?%qgﬁgﬁn&8 h%?sﬁﬁﬁgﬁﬁﬁmh ed to
one of5the secemccesimguoctt;i ve nenbers in the second connectlon zone of the
second | ayer, a contact between one of the first conductive
nmenbers and oné"3?“¥ﬁ@a§§%ﬂﬁah%ﬂﬁ8ﬁﬁ?5Wﬁtnenbers by a conductive pin at one
of the contact apgitbingtedsicakd ih shiemuRtatBh AsthrhCHbcEanNeRt | on bet ween the one
of the first conductive nenbers and the one of 30t he second conductive
nmenbers; and i ASEYERCMBHEEt ored by the nmenmory for directing the processing
unit to: di spl a user
interface unit; recéf@gy?ﬂﬁgggg%ﬂg ?mﬁﬂﬁig&ggﬁ a?%ﬁﬁ%éﬁ%@ﬁﬁ@?ﬁkpﬁ«%2%?ed by
condud®i ve pi nérst Hayen hm;wguaeompmte&ir taeefouplatemertt rdiredcabdc tcbrepsehscafettie
contact points | Lntq oor rt. conductive | s at
The ool ebted conbhde BarditePe, SRhe” mBitndsernnd e thaionat A RRY R eftnd
coordi nat es. 5dohnEfi®nS ke Mroplageniinfol Gondireieiphst ldeinflitPAB: Efle NBEABNECS @
robotic arm 18. The s%sten1of claim 16, wherein the body further

conpri ses a t hF¥BPIE)EP &%‘BMWBMZ@%tmlfFSﬁ“Q’ gpend coaneqtig &nee 9 Be
hol es forned t E@c@h@ﬂyémﬁe tahénreg :Wtﬁ%ééﬁﬁ%@kk%@%%%&ﬁ el bf fle @r&dm\%‘?wnd

conductive nenbers for recelving conductive pins an ectroni c conponents.
19. The systenﬁémﬂtW%WAn 16, a plurallty of holes forned through the first
and second Iayers ahmqgﬂthe %en th o

t he f nd second dugtiv
menbers for receiving conduetiv fwfwémﬁﬁﬁﬂ8}8¥PP%H|8‘8§Wﬁ6ﬁ§WQQgWR5¥§Fn t he
holes in the f cdnsrtonamdzoseecomd fiesd ARG edcb AN caHPBaBNAbndshe tifd first lay@Adhhe 00Ok
layers are for Fggco%%ugtrbgm%%ggr%g}e erl)ta()cl'cri;]cglly isolated from one another,

the second layer having a plurality of second conductive members disposed in
20 the first and second connection zones of the second layer, the second conductive
members are arranged perpendicularly with respect to the first conductive members
forming a rectangular matrix at each of the first and second connection zones of the first
and second layers wherein points of the rectangular matrix define contact points for
receiving conductive pins, each of the second conductive members in the first connection
25 zone of the second layer is electrically connected to one of the second conductive
members in the second connection zone of the second layer,
wherein a contact between one of the first conductive members and one of the
second conductive members by a conductive pin at one of the contact points establishes
an electrical connection between the one of the first conductive members and the one of
30 the second conductive members; and
instructions stored by the memory for directing the processing unit to:
display an image of the contact points of the device on a user interface unit;
receive information of the contact points to be inserted by conductive pins from

the user interface unit;

18



10

translate the selected contact points into X-Y coordinates; and
insert conductive pins at the selected contact points by the automated means

based on the X-Y coordinates.

17. The system of claim 16, wherein the automated means is a robotic arm.

18. The system of claim 16, wherein the body further comprises a third layer disposed above
the first layer, a plurality of holes formed through the third layer and aligned with the first and

second conductive members for receiving conductive pins and electronic components.

19. The system of claim 16, a plurality of holes formed through the first and second layers
along the length of the first and second conductive members for receiving conductive pins and
electronic components wherein the holes in the first and second connection zones of the first and

second layers are formed at the contact points.
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