WO 01115498 PCT/ US00120858 1 BI DI RECTI ONAL | NTERFACE TOOL FOR PWB
DEVELOPMENT 5 |I. Techni cal Field This invention relates to printed w r—ﬂfrg '
boards (PWg E 1&9¢ has particular relation to apparatus mgam&gyjs for
devel opi ng \XH or systens. 10 Il. Background Art A printed wiring board
(PWB) is generally part of a |arger system Devel opnent of the PWB §
generally runs concurrently with devel o nt of the reminder of the
system It often happens that a step in the devel opnment of the 15 system
does not require an Iﬁf@ > ' the PWB, but
does require a chan? ﬁgll % Iﬁgg\cﬁ?ggﬁenm nder of

the system For exanple, the int e termnal of a cable with
dozens of separate wires, each of which connects to a separate pin on the
PWB. On the PWB, the conponent which used to connect with pin A now nust
20 connect to pin B anot her conponent which used to connect with pin B
nust now coh Eiﬂ C, and a third conmponent which used to connect
with pin C rmust now connect to pin A This pin reconfiguration is required

by the reconfi gurigi aieRfionNRIAUE toUBMIER iRl BRErANPWB) L F0he vaS

connected to. \Wen the user makes the next I on he system under

25 devel opneparticylar ﬁ@latmrptq)qnna}wspné methpdefos dﬁ?ﬂ%‘a Wis der SYBERS-t hat  he
nmust prototype the PWB. The new prototype of the PWB has the sane
conponents and function as the previous prototype, and yet the (expensive)
ol d protktypd. BagkgroyadiAscar ded and an (expensive) new prototype nust be
built, even though the onIy dlfference Is a pin reconfiguration. This

seems wast eful, e $2bY aPRkger GlstSB,
devel opnent . \/\001 15498 PCT Dot NS Zage rély pa ger®y

Development of the PWB generally runs concurrently with development of the
remainder of the system. It often happens that a step in the development of the

o

15  system does not require any change in the components or function of the PWB,
but does require a change in the interface between the PWB and remainder of
the system. For example, the interface may be the terminal of a cable with
dozens of separate wires, each of which connects to a separate pin on the PWB.
On the PWB, the component which used to connect with pin A now must

20  connect to pin B, another component which used to connect with pin B must
now connect to pin C, and a third component which used to connect with pin C
must now connect to pin A. This pin reconfiguration is required by the
reconfiguration of whatever device the other end of the cable was connected to.

When the user makes the next iteration of the system under

25 development, he must prototype the entire system, and that means that he must
prototype the PWB. The new prototype of the PWB has the same components
and function as the previous prototype, and yet the (expensive) old prototype
must be discarded and an (expensive) new prototype must be built, even
though the only difference is a pin reconfiguration. This seems wasteful, but

30 hasbeen accepted as a necessary part of PWB development.



BRI EF DI SCLOSURE OF THE | NVENTI ON Applicant has elimnated this waste with
a‘bi-directional interface tool. A first printed wiring board (PWB) has a
first set owogmnsBel printed wires on 5 one face and a SRCRWSHINERB of
parallel printed wires on the other face. The second set is generally

okt hogonal to the first set. The first set terminates in a first adaptor,
which mates with an interface (such as th& plug or socket, or other
terminal, of a cable) having many parallel channels (such as wires). The

second set terninates BRIEFDRISCLOSUREOF THEINVENTION a second PVB.
10 Alternatively, the first adaptor mates with a third adaptor on the

second PWB, and t ] a . e
second PWB. Rseﬁ\;glb %gﬁgﬁéﬁg% s,‘;% ﬁ%%%%g@;sgé :ﬁ %\Htehn %Eggg&m?g% méﬁg“&rr}ﬁ’h@ or
out put on t heAskitsb pafinteBwizing bearb(FWB} bais & dirsirset of paradle] piringérbwires exf ace.
ThUS, 2 ol eohsrsls bhh s ebOUIB LIS hlieP YR BLrhE ol 9180344 ARy the
appropriate ? printed Wwres o e TiTst and Second sets, and T's plated.
T]tlfe pIt at efj hobe isgenbrallyr orthegbnalito l(heefmb& lrs:et:gThe frrsl}”ls_,eld: lctegnmatmh aafigtst
effectively r , ref. . i 0 ile ny 1i :
Al ternativel yg(ﬁ)%;ﬁéﬁ%ir}&i? prgﬁ{s%ls 3{'3@ ?‘?rl}s{ferfaﬁe\ég‘ﬂg&yéso%‘%rpelﬁsa%l)e%or@ﬁ% 0{3&{%
DESCRI PTI ON Creriniiial Dpfa¢akile3 hating many pamllebghapsels QO.hia\se/vfctésjw'Ihé sa:bmdt
present inventj,o : S t r i i 0 r
venti on - H lpmiihles, B 50sdoRt MTHBE ARG AECK FIC s, RIS
ihsI at lc; IIOGw gnA\]/ciegwtiyfelyt, Ibise firse adapttor matest with a ﬂxhﬂldtiapt@m\:\khrgsaondﬂbmlﬁpt i on

ol e. C . , ong lines
205 or Fi o e R0 a8 Al BB il Al adipl B bisepREE R OO ) 5,
made conductive byDeddopent ofghe Bec@nd PWS is epharsed setwni amy inpew oobutphet hol e
of FIG 5, rmgx? tﬂ@%ﬁa'm%n bfeI Johhgaed to any channel of the interface. Thus, a

hole is drilled through the first PWB at the intersection of the appropriate

15  printed wires of the first and second sets, and is plated. The plated hole may be

drilled out (rendering it non-conductive) and effectively replated (or,
preferably, filled or refilled) many times. Alternatively, the (inexpensive) first
PWB may be replaced.

20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a top perspective view of the present invention.
FIG. 2 is a bottom perspective view of the present invention.
FIG. 3 is a top plan view of the present invention.
25 FIG. 4 is a top plan view of the present invention, further showing a
connection hole.
FIG. 5 is a cross section of the hole of FIG. 4, taken along lines 5-5 of
FIGS. 1 and 2.
FIG. 6 is a cross section view of the hole of FIG. 5, made conductive by
30 plating.
FIG. 7 is a cross section view of the hole of FIG. 5, made conductive by
filling.
FIG. 8 is a cross section view of the holes of FIGS. 6 or 7, made non-
conductive by drilling out.
35 FIG. 9 is a flow chart of a method for customizing the invention of FIG. 1.



FIG 8 is a cross section view of the holes of FIGS. 6 or 7, made non-
conductive by drilling out. 35 FIG 9 is a flow chart of a nmethod for

cust om ziwgoiriagsi Nnvention of FIG 1. WO 01/ 15498 PCTNSOGhefihtnesss F! G 10
Is a perspective view of one enbodi nent of the present invention in use.
FIG 11 is a perspective view of a second enbodi nent of the present . Y
invention in use. 5 FIG 12 is a perspegtive view of the devel oped PWB
after the use of the second enbodi nent has been conpleted. FIG 13 shows
nmul tiple versi oGO0} rg%&ﬁ@éﬁrf?ev& 8Pbne embd4irhél o@ﬁ%g?r s-%l ridhE
PREFERRED 10 EMBCDI ME FI 1 is a top perspective view of the interface
tool (100) BMS€-he present. invention. A first printed wiring board (PWB)
102) has a fir t f i) vi &9&{11 . A
girs% set of geh%?gllgggga alt el pr‘flﬁﬁggf\%isrées gm%b?gg?‘%éﬁn ({fﬁ%eeli){g% ace

t er mi nat es MYRMYION M YS¢ adaptor (110). The first adaptor is constructed to
mate w gh an in f ) I FI G
10), ortssuch angGf E??Sdaggﬁgf‘gf‘"{ﬁ% {oﬂﬁrﬁg}ggggon P%é%%%&?it@g FI G
11). The b&esd erabedimendhas bessveamplgteshcond adapt or (112), described in
greater detail pig! PIshofs flffiple vi io?\sl%ﬁttﬁfﬁtmééﬂ tive view of the
present invention. A second et of generally parallel printed wres (214)
termnates into the second adaptor (112). The second adaptor is

o oo e of” RETAMERPORSCHTAONOE SR " 5, 21 1.
a top gpan view of the present i hﬁ?ﬁ her showi ng a connection
hole (416). It EEGALiid & eh pe¥sPektivedyibiv! 5t the thidkde Wdi §108089 thOPreSentt OP
invention. A first printed wiring board (PWB) (102) has a first (top) face (104)
and a second (bottom) face (106). A first set of generally parallel printed wires

15  (108) on the top face terminates into a first adaptor (110). The first adaptor is
constructed to mate with an interface, such as the terminal of a cable (1034) (see
FIG. 10), or such as a third adaptor (1110) on the second PWB (1036) (see FIG.
11). The bottom face (106) supports a second adaptor (112), described in greater
detail below.

20 FIG. 2 is a bottom perspective view of the present invention. A second
set of generally parallel printed wires (214) terminates into the second adaptor
(112). The second adaptor is constructed to mate with a second PWB (1036) (see
FIG. 10).

FIG. 3 is a top plan view of the present invention. Both faces are shown.

25 FIG. 4 is a top plan view of the present invention, further showing a
connection hole (416). It is drilled through a first printed wire (108) on the top
face of the first printed wiring board (PWB) (102) and a second printed wire
(214) on the bottom face of the PWB.

FIG. 5 is a cross section of the hole (416) of FIG. 4, taken along lines 5-5 of

30 FIGS.1 and 2. The hole is made narrower that either the first or second prinnted
wires (108) ( 214), so that it can make good electrical contact with both of them.

FIG. 6 is a cross section view of the hole of FIG. 5, made conductive by
plating the hole with a conductive material (618).
FIG. 7 is a cross section view of the hole of FIG. 5, made conductive by

35 filling the hole with a conductive material (720).



face of the first printed wiring board (PWB) (102) and a second printed
wire (214) on the bottomface of the PMB. FIG 5 is a cross section of the
hol e (416) wodth&es4, taken along lines 5-5 of 30 FIGS. Ilpcramso0ss8he hol e
is made narrower that either the first or second printed wres (108) (
2%4), so that it can make good electrical contact wwth both of them FIG 6
Is a cross section view of the hole of FI4& 5, nmade conductive by plating
the hole with a conductive material (618). FIG 7is a cross section view

of the hole of FlI @I&s&mderosersécﬁdﬂ yiRvwbuf thbhblek lof TIGEN6 07, enatletthon-
conductive materi
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drilling out. héle(416} letlxﬁglstthé &aﬂaow& thh€lgithdrhe firde oerdedind nnleai e
(416), but is_also S‘Bar ower, tf? either the first or secon \%
wires (108, 21Ujes 1 Thus, it aiso g goodeelerirical coptachwith both

5 printed gir téd WiesiPthe! rbstﬂﬂng%% (88271s rb-plated R 36-Filled. ARerhdtiv
Al ternatively t0 ﬁ S)F be di scayded and replaced. F G 9
is a flow chat? '% Mﬁ&)ms 6‘{&‘% 1Efi“‘d{‘;thelnventlon of FIG 1.
At hglhe Istdrl Il ed Fﬂ]@?ﬁmwﬂmﬂmoi?fgh&hbwimdm%ﬂ? ﬁ%ﬂv&mﬁ?ﬁ oﬁLOtZ)d
a e inters e I rinted wire N e Se rinte
wire 10 (214) le*fﬁtzz Pﬁﬁ' ﬂﬁ?é?&lyﬁaslattmérstagmw‘ﬁrafs aaqdég‘g@ﬂ A 1ing
(928), or any tﬁiehi?ﬁ ﬁ@dﬁdﬁ%f&ﬂbf AR5k (108) AAACHS deb8nd WeinRdi vAkifd
W I es. 0 u ¢ 93 condyctjve h (ewrra (d cQ c hetvtlo
print ed \M1 es( Gi{elié ’i‘%gﬁ‘e 1§|5 ‘Wlafevﬁéawﬂagée98§)@cfﬁﬂﬁgﬁ?2 b P ERY
present i nvenbt}@a cohenigft métiod ©80), CdRRctH &% W phinté&d widadt Diillihd 18ht mat ed
onto a cable h#g?é{?s"f’ma}ml“fe}?‘é%l S téﬂ%cggﬁefe %ggquﬁL@io‘f%rleg;erface to the
r emai nder of fh ted onto a
second printed W rFIKG 10084 gersp: &&vew@ﬁbfoné &nﬁbﬁiméﬁofi:ﬂi@pﬁesaﬁtem@ﬁtﬁﬁﬂa'
number of pri r};[&s% e ool &Oé)rflas its rﬁ%stta gf)to?f(ll%s matec:ij onto a cable (1034), which

15  is the preferred form of interface to the remainder of the system. It has its

second adaptor (112) mated onto a second printed wiring board (PWB, 1036).
In FIG. 10, there are an equal number of printed wires in the first set of printed
wires (108) as in the second set of printed wires (214). Moreover, each printed
wire in the first set of printed wires is connected to exactly one printed wire in

20  the second set of printed wires. Thus, each pin on the second PWB (1036) may
be connected with any wire in the cable (1034). When it becomes necessary to
re-prototype, it is not necessary to build an entire new second PWB (1036), but
only a new (and much less expensive) tool (100). Indeed, the old tool may be
re-used through the simple expedient of drilling out the unwanted connections

25 and plating or filling in new connections. Further, the tool is truly bi-
directional, which has not been the case with prior devices.

FIG. 11 is a perspective view of a second embodiment of the present
invention in use. Both the first adaptor (110) and the second adaptor (112) are
shown on the bottom face (106) of the first PWB (102). The first adaptor (110)

30 mates with a third adaptor (1110) on the second printed wiring board (PWB,
1036), and the third adaptor is connected to the cable (or other interface) (1034).
The second adaptor (112) mates with a fourth adaptor (1112) on the second
PWB (1036), and the fourth adaptor (1112) is connected to printed wires (1138)
on the second PWB (1036).



wires (108) as in the second set of printed wires (214). Mreover, each
printed wire inthe first set of printed wires is connected to exactly one
printed weeisas20 the second set of printed wires. Thuspcf@sbndgss on the
second PWB (1036) may be connected with any wire in the cable (1034). Wen
It becones necessary to re-prototype, it is not necessary to build an v
entire new second PWB (1036), but onlya new (and nmuch | ess expensive)
tool (100). Indeed, the old tool may be re-used through the sinple

expedi ent of dr FIG. 1 st pérbfectieanb® oL HaNG&Sel lcﬁgﬁ RRIigif
ru |

fill ther, the tool rectional,
Wlm clhn%alsn new‘ﬂ)gg?&ﬁhib%g}ét%t{‘ﬁ ‘Emfrﬂ\?eiﬂce@élemb@lmqnﬁ of éfllquleslpmt ive
view of a aﬁwnfbﬁmg%éfemmpieté&emw%&?éral it@ifa‘%i&!'nb% go@‘ﬁ}év%o ® om

first adaptor 5{%8 d, t he Second adaptor (112). are
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third agaptagg f d
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a perspectl P]Wé %ﬂ’?‘h fnurth adaptos (1 k2 of HIG. d istnobeatriddB,
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been c | et e sever iterations of the to een used,
and deagp oﬂﬁ‘r@?ﬂ %Ye(iPlPFé‘eP pdevelgpec F&C%Qﬁré}f?ﬁi é”lélﬁﬁﬂ?flﬁré (PWBe10s36).

assi gnment Toias\b: thtw}"étréioﬁQSf ¢RO & ondOBWB [1036) necH 1t fi)k&gypgci .Ofipd ype of
the second P\\B ﬁg;.&g de Wi té‘;&% r| nt ed W res ei ng
finalized Xgrsxqr} éa aﬂfl £ Bersigny 1 The finalized printed wires

g f12%8)G g(ild: g e(r:]Iﬂ §s bften met&:imvgnﬁﬂaﬂ{agrtgl(xg&ﬁei)f d&&o@%{s@(@% {}Iifsg al( 2(1)12)
o tted, | MRAGRMGA o g) e 5‘8533' o s therioos 800 & FERtungioniwiath
devel opéd tecandeyelopddsbeand PWB (1036 01 B\Bng-idtabbasis. This is an especially
productive strategy when several related systems are to be used, and the same
second PWB (1036) can be used in all of them -- except for the fact that pin
assignments are different. In this case, a single version of the (expensive)
second PWB is manufactured in a long production run. Multiple versions of
20 the (inexpensive) tool are manufactured, in shorter production runs. In this
way, the fixed costs of the second PWB are spread out over larger quantities of
the system(s) as finally sold.
FIG. 13 shows multiple versions of the interface tool. The interface tool
(100) is now a first interface tool, and there is a second interface tool (1300)
25  associated with it. The second interface tool has a first-printed-wire/second-
printed-wire pair which differs from the first-printed-wire /second-printed-wrire
pair of the first interface tool. The first interface tool (100) is mated with the
second PWB (1036). The second interface tool (1300) is mated with a third PWB
(1336) of the same design as the second PWB (1036).
30

Industrial Application

My invention is capable of exploitation in industry, and can be made and
used, whenever it is desired to rapidly prototype a printed wiring board. The




Thus, only two versions of the second PWB (1036) need be prototyped: the
version of FIG 11 and the version of FIG 12. It is often nore convenient
not to makewe odles4es oped second printed wring board (PWB,pcriistessand
sinmply to use the tool (100) in conjunction with 15 the undevel oped second
PWB (1036) on a long-termbasis. This is an especially productive strategy
when several related systens are to be uged, and the sane second PVB
(1036) can be used in all of them-- except for the fact that pin
assi gnnent s andieidihe ceiponkitst dF theC s §hQﬁy f
(expensive) second PWB is lr?natrslu(?lai?:lteu d’riaﬁlsaé o%tgrs% uctllggleﬁe%?f.tahﬁnti pl e
versi ons of 2¥Parate andesnash Sope pre gopther.cmag her entinglyechnventional itdreing
product i on r ufgir chthBiRatfon WAh I Emas ¥eFinteatisnOf the second PVB are spread
out over | arger q%gntities of the systien(s) as finally sold. FIG 13 shows
mul ti pl e versi ons YWhile hhayedescribed vatious modes ofapparatusand ghethgd @@y trive now a
first inteyf i } -\ L

it A1 ﬁc?@g)é‘gﬁfn%ehﬁoﬁ?%m hitdd @it dl6, ot Mk 1t By By

associ ated with léﬁg ] d interface too

first-print eoé‘ﬁnf' Egoiimsand their epuiwalents; andh] dhin stidheassmiyrioventibe.
first-printed-wire/second-printed-wire pair of the first interface tool.
The first interface tool (100) is mated with the second PWB (1036). The
second interface ¥elcllim300) is mated with a third PWB (1336) of the same
design as the second PWB (1036). 30 Industrial Application My invention is
capabl e of exploitation in industry, and can be made and used, whenever it
is desired to rapidly prototype a printed wiring board. The WO 01/ 15498
PCT/ US00/ 20858 6 i ndi vidual conponents of the apparatus and nmethod shown
herein, taken separate and apart from one another, may be entirely
conventional, it being their conbination which I claimas ny invention.
Wiile | have described vari ous nodes of apparatus and nethod, the true




5 spirit and scope of ny invention are not limted thereto, but are limted
only by the following clains and their equivalents, and | cl.ai msuch as ny
i nvent i onyo¥ismési m WO 01/ 15498 PCT/ US00/ 20858 7 CLAI Meetndsowzdess nt er f ace
tool (100), wherein: 2 (a) the interface tool includes a first printed

Wi ring board (PWB, 102) having a first face (104) and a second face (106Y);
and 4 (b) the interface tool is characterized in that it includes: (1) a
first set of generally parallel printed wires (108) on the 6 first face of
the first PWB; (2) a second set of generally parallel printed wires (214)
on the 8 second face of the first PWB, the second set of printed wires

bei ng generally orthogonal to the f GLAIMS of printed wires; 10 (3) a
first adaptor (110), (A) into which the first set of printed wires
termnates, 12 and (B) which is constructed to mate with an interface 14

(1034); and], (4) Anaeerac REPADOY, whbdedh: 16 (A) into which the second set of
printed wires term n.ﬁtes, and 1?,(5) whi ch is consjtfucted]ﬁto mate with a

second BB (10%8). Zheyderfaceigp des g firgt printedwiring beankEWhh 2Qt eri zed

in that the int erfaCQ\av&g(éLﬁM}acbfﬂ(ﬂ)hﬁﬁ@s@é&n&fae@(ﬂ)@i}'a&d 3. The interface
tool of Claimi1l, Surt er characterized m_t%at the intefface 2 (1034) is a
0) é’HB bid

third adaptor (1 @ interdacedeolis cotrgcterized yn that it includes:
(1)  a first set of generally parallel printed wires (108) on the

6 first face of the first PWB;
(2) asecond set of generally parallel printed wires (214) on the

8 second face of the first PWB, the second set of printed wires
being generally orthogonal to the first set of printed wires;
10 (3)  afirst adaptor (110), _
(A) into which the first set of printed wires terminates,
12 and
(B) which is constructed to mate with an interface
14 (1034); and
(4)  asecond adaptor (112),
16 _ (A) into which the second set of printed wires
terminates, and
18 (B) which is constructed to mate with a second PWB
(1036).

2. The interface tool of Claim 1, further characterized in that the interface
2 (1034) is a terminal of a cable.

3. The interface tool of Claim 1, further characterized in that the interface
2 (1034) is a third adaptor (1110) on the second PWB (1036).

4. The interface tool of Claim 1, further characterized in that the interface
2 tool includes a conductive hole (416) through the first PWB connecting
one of the first set of printed wires (108) and one of the second set of
4 printed wires (214).
-
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4. The interface tool of Caim1l, further characterized in that the
interface 2 tool includes a conductive hole (416) through the first PWB
connecti ng wongnfbg the first set of printed wires (108) anscuksessst he
second set of 4 printed wires (214). | If~l"~ iii12"i*1l Lii i il 1"l MS
W® 01/ 15498 PMUSO /20858 8 5. The interface tool of Caim4, further
characterized in that. 2 (a) the interfage tool (100) is a first interface
tool; (b) the first interface tool (100) is associated with a second
interface 4 §ool Tﬂéﬁﬁérféha%dl%f@:ﬁm{@ ﬁhbﬁ%%é%ﬁz%?ﬁ%ﬂ? printed-wre
pair which differs fromthe first ed-wi re/ second-printed-wire 6 pair
of the first inter®ce tl‘tgg}terqug)toﬂ{ﬁﬂ(f)ﬂqxglﬁrstm@rﬁgg;'@ol,om (100) is mated

h th d 1 '
matod i th a Chir QoS T *"ngﬁ@f““em 00 Bt fgﬂ‘“é?‘ Aecttneidly |

(1036). 6.4 A net hod forf°@]u§1t3 %IzaVﬁggarﬁrshpemte&k'efme sﬂconmmtedmreemu 2 (a)
the interf t ool | n
2 Tirot Tage (108) and Sien Btiets Hon &%éf‘g‘ B R7bedrid Pt ipd O 19
characteri%ed in that iRaifofdhefiestinterfacetoplir st set of gener aI I y paral | el
printed wires (108}) on th8@rstGndethad thggl?)()?ésnﬁth%gfwgﬁEhf s @Wﬁ‘g@%‘fﬂ“d set

of generally parall eI printed wres secon
first PWB,8the second #d of printed wires being generally orthogonal to

the irst’set of eyt ase Wéohd iteHdod ol 1400 BlerdlARRh o il PwAis5 ©

which the first set of printed wres
10 of the same design as the second PWB (1036).

6. A method for customizing an interface tool (100), wherein:
2 (@)  the interface tool includes a first printed wiring board (PWB, 102)
having a first face (104) and a second face (106); and
4 (b)  theinterface tool is characterized in that it includes:
(1)  a first set of generally parallel printed wires (108) on the
6 first face of the first PWB;
(2)  asecond set of generally parallel printed wires (214) on the
8 second face of the first PWB, the second set of printed wires
being generally orthogonal to the first set of printed wires;
10 (3)  afirst adaptor (110),
(A) into which the first set of printed wires terminates,
12 and
(B) which is constructed to mate with an interface
14 (1034); and
(4)  asecond adaptor (112),
16 (A) into which the second set of printed wires
terminates, and
18 (B) which is constructed to mate with a second PWB
(1036); and
20 ()  the method is characterized in that it includes connecting a first

printed wire in the first set of printed wires to a second printed
22 wire in the second set of printed wires by:

KT ) MR



12 and (B) which is constructed to mate with an interface 14 (1034); and
(4) a second adaptor (112), 16 (A into which the second set .of printed
wres tQFddsdsgs, and 18 (B) which is constructed to ngicgnsboess8 second
PWB (1036); and 20 (c) the method is characterized in that it includes
connecting a first printed wire in the first set of printed wwres to a *
second printed 22 wire in the second get of printed wires byr. [I!ilfi
11111191 i 1110111 i H's WO 01/15498 PCT/ US40/ 20858 9 (1) drilling (924)

a hol e through the fgasw ?iegﬁm?(gg‘galﬁglgﬂﬁﬁg%hqﬂe?%@%%ghm&ségﬁgﬁed Wre

and the second print d 3 I ng e conductive
(926-93d). 7. The nethod ef mng Wirewndthe gegondipnintedgvigiandhat t he hol e
is rendered 2 condughi verdy th LR &ﬁ\ﬁ.__. th a conductive
material. 8. The net od o}- Oa|ﬁ1 @H?urtﬁelrl @acte lzed in that the hole
I's rendered 2 conductive by filling (928) the hole with a conductive

material . 9 Th%@%ﬁé}ﬁsd%? cﬂlﬁi afi hMlid?&éteﬁQ Bl 'tﬁé’ﬁole']s feH&ére& (a)

t here are unequal rin wires in e first set of printed
wires ag in the@’é@‘é‘i’m’esl‘é‘tpléf &(Q%iﬁtﬂfhﬁkéﬂ’fh%mndwtlﬁ?m@feﬂé'ast one printed
wire inthe first set of printed wires is connected to at |east one
printed wire in_the second set of printed 6 wires. 10. The nethod of Claim

6, further &har 3beanethed of Klainyg, further characterized in that the hole is rendered
2 conductive by filling (928) the hole with a conductive material.

9. The method of Claim 6, further characterized in that:
2 (a)  there are unequal number of printed wires in the first set of
printed wires as in the second set of printed wires; and
4 (b) at least one printed wire in the first set of printed wires is
connected to at least one printed wire in the second set of printed
6 ” wires.

10.  The method of Claim 6, further characterized in that:

2 (a) there are equal number of printed wires in the first set of printed
wires as in the second set of printed wires; and

4 (b)  each printed wire in the first set of printed wires is connected to

exactly one printed wire in the second set of printed wires.
11. The method of Claim 6, further characterized in that the method
2 includes disconnecting the first printed wire from the second printed

wire by drilling out (932) the hole. -

12. The method of Claim 6, further characterized in that:

2 (a) theinterface tool (100) is a first interface tool;
(b) the method further includes:
4 (1)  customizing a second interface tool (1300) by connecting a
first-printed-wire/second-printed-wire pair which differs
6 from the first-printed-wire/second-printed-wire pair of the
first interface tool;
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2 (a) there are equal nunber of printed wires in the first set of printed
wires as in the second set of printed wires; and 4 (b) each printed wire in
the first apbonisey i Nnted wWires is connected to exactly OWOEP?Q wrein
t he second set of printed wires. 11. The nmethod of Caim6, further
characterized in that the nmethod 2 includes disconnecting the first
printed wire fromthe second printed w g by drilling out (932) the hole.
12. The method of Claim®6, further characterized in that 2 (a) the
interface g ool (100) i f it 2 fe Lo oy ﬁg@pr

i ncludes: 4 (1) custonﬁ%?nghg%gggg%gﬁ§nteﬁ%gggo?%gpb{%@gb?ﬁ%gggngec ing a
first-printed-wre/second- pki03ekandy re pair which differs 6 fromthe
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interface tool (100) with t {830« sheisanypdesignasthe sacondBPWBY1086it i ng t he

second interface tool (1300) with a third PAB (1336) of the sanme design as
t he second PWB (1036). 11111111 hut! 12111112112111111 14 S




