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NO-WIRE PCB WITH INTEGRATED CIRCUIT AND METHOD FOR
TESTING USING THE SAME TECHNICAL BACKGROUND 5 [001] The
present invention relates to a no-wire printed circuit board (PCB) used in
an in-circuit test system for performing in-circuit testing on a device under

oG B B R R oD BN MG HER P G TesTin

addition, the 10 present inventiog ST HESSARMIEOd for testing active
components of a DUT using said in-circuit test system. BACKGROUND
OF THE INVENTION 15 [002] Presently, a large number of electronic

components are integratedrgagyRyAICH R@ﬁ@@_ﬁ@{rjg@y interconnected

planes, which are more commonly known as printed circuit boards (PCB).
Prior to use, as each PCB has a large number of electrical components

and ectians thereon, the PCB must, be ,tested to.verify that all .
e et e s Ry L ReS 8 Toatie AR SH hipuitorrd (PCE)
theid riespadtivei positiess syyleanef alsearidhaingrieati wightesvng on a device under
Concurrently, the electronic components mounted on the PCB are also

{estetP e R RESRBINMARTIGN 8IS dRIBIRR R 3R INdiidd test system for
ERronHy a5 Whetharit thaSHEOMRRIS IR tBeigoREHiMaIRRSEANG addition, the

function within their specified parameters. The testing process is typically .
RIRAENHE Ve diRuitakiesdq e meihadB tHestios agitker goimg eaaniedfis DUT using

g%%c béi?%[ﬁfrt gttg)%ﬁép]e device under test (DUT). [003] ICT is generally
to be a

considere orm of automatic electronic component-level testing
to quickly detect and locate faulty DUTs using 30 corresponding ICT

equipment. ICT equip isolate i j_ivi(#{lgl ts of a DUT
from their neighbourin@%&&‘ﬁ%%@ n im%%ﬁﬂgﬂbihieve 1
individual component testing. ICT equipment is therefore capable of

connecting with the circuit nodes of the DUT, and measuring the .
quai®@Rve firi@rsiEiity adarge number of electronic components are integrated

and mounted onto electrically interconnected planes, which are more commonly
known as printed circuit boards (PCB). Prior to use, as each PCB has a large
number of electrical components and connections thereon, the PCB must be
tested to verify that all required electrical components and connections are laid out
correctly in their respective positions and are also in the correct orientation.
Concurrently, the electronic components mounted on the PCB are also tested to
determine whether the correct components are mounted thereon and whether
these components have the correct values and function within their specified
parameters. The testing process is typically known as in-circuit testing (ICT) and
the PCB undergoing said ICT is typically referred to as the device under test
(DUT).

[003] ICT is generally considered to be a form of automatic electronic
component-level testing to quickly detect and locate faulty DUTs using
corresponding ICT equipment. ICT equipment can isolate individual components of

a DUT from their neighbouring connected components in order to achieve
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component of the DUT. 5 [004] Early, ICT technology was able to detect
faults resulting from manufacturing processes, such as short circuits,
open circuits, incorrectly placed or used components and missing
components, for example. Subsequently, ICT technology has been

developed to cater for the capahility of verifying.the degree of functionalit .
R s BRE SO Seh b aen S BIBBU 1 1y LBl B AAAHIE R Connecting
e tiea ity of HRietestpRIOYMRARERSabarg ety g sHabtatV@eunctionality each
resistance, capacitance, inductance, voltage and, where applicable, diode

enaRRaaHRIBe P Yilen component are measured and compared

against predetermined values to check if the component in question was

indeed functioning as designed and intended. 15 [005] Generally, ICT

equi®®éht cohsidys diGWotecingagy. Was fiehlmaia patest tHeuHlsciresitlting from
Fﬁrskerf Wpi(r;lr% incltédessa §|url?cl:if?/a0f g}[li(\)/reirsi ran(ﬁ Sensors ﬁlon er]tél rot{

( At rﬁﬁs : WhRIPSrE T tica ly RSNRECR T otRE: ?)o?Hf of XD (FF
desggdbmpestsgphase. esthiyesoppondats,voliagexanmplyersupshtygently, ICT
a circuit 20 node of the DUT to a particular state, and the sensors

fevelarsddoecriehionbe crRRRBIEMehYe Wit glegree of
1QrBRORRREP RS AIFPFERIBIRIEER dtshi 1 <dFRBL RRFIRT S1SRdNEIudeSefb¥aFRining the
for controlling and automating the testing process. 25 [006] The second
fwamipoalitn of theCleetjopmeampananterfpesaraeiess ik asttibe resistance,
t intarf i rovides. ing circyit . .
GRSt e ThaladRe oIA0E AN, REBREMBE REDIE Sk Bngfittrisios of a
Yieehotoraphs nstnt chuee me as lihgdgaore s nspraicid ragBvtst sorecletesnined values to
comprise  probes (double ended or.otherwise), which establish an ,
CREH oLt B BT bt Ghls O GRS RRRS, JorIRISgSofifsioned and
fAtéhagAgeordingly, a test signal from the in-circuit tester is transferred to
the DUT via the interface device, and the 2 response signal is also sent
back to the in-circuit tester via the interface device for further analysis.

TYPYGRIS@MeIes A 16 iag6 SRYAE BRAUELIHERain parts. The first main

part is the in-circuit tester, which includes a plurality of drivers and sensors along

Fysplaced or

with probes (mint pins), which are electrically connected to contact points of a DUT
during the testing phase. The drivers provide a voltage or current to drive a circuit
node of the DUT to a particular state, and the sensors correspondingly perform the
above-mentioned measurements with regard to the appropriate parameters. The
in-circuit tester also includes software for controlling and automating the testing

process.

[006] The second main portion of the ICT equipment is an interface device
between the in-circuit tester and the DUT. The interface device provides the in-
circuit tester with access to the nodes (or contact points) of the DUT by using a
“bed-of-nails” structure or a “flying probe” structure. Both structures comprise
probes (double ended or otherwise), which establish an electrical connection
between the in-circuit tester and the nodes of the DUT. Accordingly, a test signal

from the in-circuit tester is transferred to the DUT via the interface device, and the
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wireless fixtures (or no-wire fixtures) with integrated PCB and no-wire
fixtures with external PCB. 5 [007] As the density and quantity of

components, especially active components on a DUT has, in general,
been greatly increasing, the nodes on the DUT are much denser than

before. In this respect, it is also hecoming increasingly difficult to us :
CHeBIRE R [S<hAD BRSORh & A GGy, PAISiadc15et fipijape, device for
umtielean fisie, Wibicaleasalnthrisexeril RAiBifERRacesivaresr8y wired fixtures,
having electrical trace patterns embedded in the internal or external PCB.

WEEtRambKIULRS fRILNRIRISY ER et BlearaleccRidbIaNst BeiMdre fixtures with
giiecHyegsed with DUTs as compared to a wired fixture. In addition,

usage of a wireless fixture in ICT equipment further improves signal

integrity since the wireless fixture 15 provides for a better test signal

transmission hetween the in-circuit tester and the DUT. [008],US Patent .
T 28 D Be ST A i QAo 8L (AMBOLE e, spoCially active
deviperibatsompliStsTaR(SBintpgiatal] hesaig @y ipeasigyritiegnddes on the
Sate, in which spring-loaded probes are arranged. A DUT is electrically ,
%F@é?eﬂ‘%*‘tﬁgeﬁ%?é HRaRie R sifeiR \RRRfds il plsQiRgraMING increasingly

arfipglopded arohrsy Thauvdecirssdiing HONer rkidgsHlgatid@nsity of nodes.
transfer pins that provide electrical signal” paths between the PCB and

phsieiose an ivicaless tbsieic Tl suewaledroreutpMehtREBrereplaces wires by
Hé‘?ﬁ%:@.f/rfg t %‘Pﬂi%'ﬁtefi‘a\f’c%f)ﬁrseﬁ%g&?%HH%%H&SSr ¥§S§§8d iPﬁSﬁ?éF"SP'te%émm PCB.

teste e wireless S mentione ove, other known
Actaodinginistiod interkdace fildviass appkatetocbeiradnducepatitbooft being effectively

integrated . In such embodiments, the PCB may be arranged .

LR A DTS RSP RAHE 0 st Tite vl 205 ik 153gg,0f a wireless
RIeGHEGA ROMNRAHBMBHD ienRIORGS 6¥ daesishuliinBgfe siite aKiemRbless fixture
connected PCB is generally known as a wireless PCB or no-wire PCB.
mvidesvirs 2 Ibé'@jrviﬁﬁttﬁ@HQLM?@ﬁmﬁ@CﬁttﬁéﬁéﬂﬁﬁéF@dP@Wﬁbﬁ'&d@ﬁter and the

BrLrﬁr]ged, in an ICT equipment, in parallel to an in-circuit tester, with the
lateral surface of the no-wire

[008] US Patent application 2003/0016039 A1 discloses a wireless fixture
as interface device that comprises a PCB integrated therein and a probe mounting
plate, in which spring-loaded probes are arranged. A DUT is electrically connected
to the PCB arranged inside the wireless fixture via the spring-loaded probes. The
wireless fixture further includes floating transfer pins that provide electrical signal
paths between the PCB and probes of an in-circuit tester. The electrical connection
paths are therefore completed between the device under test and the in-circuit

tester via the wireless fixture.

[009] As mentioned above, other known embodiments of interface devices
include no-wire fixtures without an integrated PCB. In such embodiments, the PCB
may be arranged externally to the no-wire fixture in a manner such that the PCB is
in electrical connection with the probes of the no-wire fixture. The externally

connected PCB is generally known as a wireless PCB or no-wire PCB. The no-wire
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PCB facing a lateral surface of the in-circuit tester. Typically, this lateral
surface of the in-circuit tester is formed by a metal base plate with a
plurality of holes therein, 5 in which the probes (mint pins) of the in-circuit
tester are accommodated. [010] The mint pins are accommodated within

e R e o TR Al e Driel ol Bl AT Gged in an 1CT
ggtapmhensiiivphringl suchrihatdhedirtesidhent( THet pisarsupriew dhehe no-wire

lateral surface formed by the metal base plate. In preparation of a DUT

Risihiqeiperaiaieteswiga y thmied Gdtiesiyrduaiealo thietaigeal surface of
fryRndiRaid lRGE! SUTANRIAN A HRORREPURCIIRE SUIRSIRPBIAGIES therein,

the lower surface of the no-wiré PCB, which is attached to the no-wire
fixwinicTiiee probresioniof piesindittpmnbecuititastdarrmbsadfatvadated.
restricted to at best, a few 15 millimeters, for example. Accordingly, the
no-wire fixture and no-wire PCB attached thereto are lowered sufficiently

to ajjonofhe camachpeingsren de lanssrambrkadd ihiehio-tise iIRCBJGIt tester in a
sufficiently contact the protruding mint pins of the in-circuit tester. 20 [t011]

RlEariakbieURanget g dindtdie WESSHR iR a8 iRy S1eQtriprgneration, the mint
sm&eéaﬂyiﬁaéea%if&n|$f§d§1%r&ugé%66@9agit3§§%W8@@&H@%@H%ﬂﬁ@tsips of the

of a DUT, such as resistors, capacitors an uctors, for example.

MoWeRs ifafee IRloMhikeadaieraorapdaeaitdoimedeipysdhfe awiigé base plate. In
ents le actj I in

B e B M R SR Bpwaros o

pootmuciecdy ovall khivk | speratetirfadhjsanddardoihg $onciaonattebengpoatact points of

R B o Ry T P B G T P B e B ture. The
gkbtigbindheneastreisiasryagoridt griddiselienadestisg&dtabtagtiveat best, a few

component of the DUT, the ICT test equipment, which typically includes
alimetergute tetammiei L S lrd§RRPMbLIEtWEES d aXer WIS fReB attached

. T : | the |
e S e R 0, e bter surtace of
twamponeing dPERR mmUIufficiently contact the protruding mint pins of the in-circuit

tester.

[011] The in-circuit test equipment described in the foregoing description
generally caters for the in-circuit testing of passive electronic components of a
DUT, such as resistors, capacitors and inductors, for example. However, if the
DUT has active components, wherein some active components may be
programmable active components, a corresponding in-circuit test equipment
capable of functional testing said active components would be required. In this
regard, the functional testing of active components may include boundary scans
and flash programming of the active and/or programmable components of the

DUT, for example.

[012] In the case of carrying out said functional testing of an active

component of the DUT, the ICT test equipment, which typically includes an in-
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operates correctly. The verification is carried out by the in-circuit tester,
which is 5 electrically connected to the DUT as described earlier. [013]
However, due to memory, controlling and/or programming resource
constraints of conventional in-circuit testers, writing of data to, or

RSP R 1o e ReO8 AT PR EB0R% B Wiitedne active
s¥mpdesraTHealtTcasBpeRRb Pk DAldr [y s RUEHE thpygrish a8 from the

to supplement the testing/programming resources of the in-circuit tester in

aciya-snemRRaRhMen® fellicianermolintones arivarameanestify the DUT
BELY&tECTBBARRRIS qu@%QHuEé}%tﬁLer&mﬁéﬁ‘%ﬁﬂr%%% AT ERRIRSER which is

production process. [015] The above-mentioned problems are overcome
egeatmaumemmt@dxtoMa@tﬂm|desnt|badaaaf |lees . described and

defined in the following 20 description and appended claims below.

DETAILED DESCRIPTION OF THE INVENTION [016] In the following,

the foM3]tion Haleseshedue toermentery, ot @mtioHiag cirelibitesiogysidming resource
which includes a no-wire fixture, However, it should be noted that the

RRNRAFRIBE 9 EeBYGRECRANE RVEWH JRSIEE IELING QfsHaiRsRIPIRERgAMMINg of
RN UEMSIRMRICH L IR FRONE GRTEVER MERANB QBRI AN 8dMMAIR so when, for

fixture or even directly to the device under test (DUT). It is to be further
astEaRieataiiar ee-PiRgY fixnaedeisrie d e widiiearisiosa e @nmmeakie.component of
? Ke fixture having an 30 external no-wire PCB electrically connected

o the no-wire fixture, as is specifically used in ICT equipment, and may

be implemented in test systems such as the 5 Agilent 3070 ICT system

corfion WA SHAP. AR ey R0 JRBHEE & REATE i Hpgooramming

r&m&eégwﬁn@fumurelﬁtq’é@wﬁﬂ%%@ﬁm@@ﬁommgﬁﬁm@ RHRIEWE amount of
double-ended probes. The double- ended probes are arranged in the

heRviseante itealipardety RiaPEIpRIaNy &f BeTRdh P ety wreed up the
PSRN a i bFo it Blier JYaEdssthe double-ended

[015] The above-mentioned problems are overcome by a no-wire PCB,
according to the invention, and as described and defined in the following

description and appended claims below.
DETAILED DESCRIPTION OF THE INVENTION

[016] In the following, the invention is described in the context of an in-
circuit test system, which includes a no-wire fixture. However, it should be noted
that the no-wire PCB according to the invention is applicable also in such in-circuit
test systems in which it is connected via means other than a no-wire fixture or
even directly to the device under test (DUT). It is to be further noted that the no-
wire fixture referred to hereafter is taken to mean a no-wire fixture having an
external no-wire PCB electrically connected to the no-wire fixture, as is specifically

used in ICT equipment, and may be implemented in test systems such as the
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probes are arranged such that each probe corresponds to, and may
therefore contact a respective DUT contact point when the no-wire fixture
is attached to the 10 DUT for testing. Accordingly, the no-wire fixture is, in
general, DUT specific. With the above arrangement of the DUT and the

norlwir? miqglectr'cal sijirnals car(l be transmitted betvv_een_ the n(_)-wire
Adilka SYS{BT Ao SHRMR e above, the no-wire fixture is
adapted to be attached to 15 a surface of the DUT. Such an attachment
is implemented along an Ufper surface of the no-wire fixture, i.e., the

upp&P Slkace’GIoprenglviresikayRN iR MR S@3atBed deqsnirnction with
SRIGHalRERHSHERCS, BN RG oY TaCRBIAfP Atis < OF AL THE- WY A& the in-

attached to the no-wire fixture via a plug-socket 20 structure, wherein
exouititast eysteszoTaman®datesspgidiatity afkdesifte-rdsd explvethel he double-
uBger surrf%ce ofrtherr}ohwir% fig}(t re. As_anr al ertn?tiv.%, tqe DnL]JT ma!hbe lurality of
%arﬁge Offie AG-ATE Rt Te! [ B]DH%V I cireuit test %)'/gpememrt\ﬁl p a plurality o
Diduidesaactnpoiitigitdasies, surfelee2sf chnDISES kn lataeal aardsetaaciauble-ended
plurality of contact pins accommodated below said lateral surface and

AR APIREROAPESErNIHRAL 88RMRTBPR-FOTHRSRMSCIDiRNS! fRaY therefore
Hu R ILIes g RtR Al BRUaaled mintyRing - Wish b dewircextdoraatddhed to the

a metal base plate, below which the mint pins are located in a retractable .
Ridiidar teelinglelasosdngi-dheunaaies JishHaéssdlegantefdnaldospecific. With

(R8BS P P S o AU Y RS, SRR Bgnats can
beftrearenittiedi bs bvbawi igepnedefedikpasmametehe fOlUEsting various

DUTSs. In this regard, predefined test signal patterns are generated in the
in-circuit tester and transferred to the DUT during testing. 5 [021] The

no-vireg] CB accaiginHethadpventies seivse axaidTEeHaaptdetyeRNattached to
the no-wire fixture and the in-circuit tester in the in-circuit test system.

Al%é#frﬁ%ﬁ@é}{/’fﬂh% H&%I@Wb@%@a@gmggwé Eﬁ@ﬂm'ﬂ@%a%ﬂa@ﬂ\yl{ﬂper surface
quﬁ%CHXL\AF?PéVﬁ?ﬁﬂéh?é).,q-lﬁé"‘%ég? éﬁ'fﬁ?&@'B?eiﬂé’rmﬂq—\ﬁﬁ’é%mﬁrnggces the lateral

equipment does not comprise a nho-wire fixture.
surface of the DUT, said lateral surface having the DUT contact points.

[019] The DUT may be attached to the no-wire fixture via a plug-socket
structure, wherein extrusions on the DUT have corresponding sockets (or
recesses) in the upper surface of the no-wire fixture. As an alternative, the DUT

may be clamped to the no-wire fixture.

[020] The in-circuit test system further includes an in-circuit tester, which
comprises a lateral surface and a plurality of contact pins accommodated below
said lateral surface and within said in-circuit tester. In the context of ICT, the
contact pins of the in-circuit tester are also called mint pins. The lateral surface is
formed by a metal base plate, below which the mint pins are located in a
retractable fashion. Examples of such in-circuit testers can be selected from a
range of products in the market, such as Agilent 3070 series, CheckSum’s TR8

series and GenRad TestStation. The in-circuit tester may include software libraries
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10 [022] The no-wire PCB according to the invention includes a first
plurality of electrical contact points, which are spatially arranged on a first
portion of an upper surface of the no-wire PCB. The first plurality of
electrical contact points is aligned with the plurality of double-ended

SRR T e A e
falienengsstierabend isneeaydeei Xty en-Aeaardingbs el firahpritied @ the DUT

the upper surface of the no-wire PCB essentially corresponds to an area

deEiRY A8SHAG- fixture containing the double-ended probes. During the

testing phase, the no-wire PCB is attached along the first portion of its 20

upper surface to a lower surface of the no-wire fixture. Such an

arraf@thent dhthennwiver® OB Bodthdisspéetitietirveotionesiuae aoars interface

he first tralit of.electrical contact points of the no-wire PCB to contact
ERHERE I e EEC RS SR 3 st SRR B S 85t system

Attentirgifislyreh el his-wiret®TBstadfishies sor\ejenirnalipriingy, dewegigror indirectly,
the no-wire PCB and the no-wire fixture and indirectly, 25 between the

Retwrerpts DA REURSEVRIEYH SRS dosRsestifadt breRrRaGHedoes not

Eé}lﬁzp,@sgegg@d\,@pérﬁﬁmg_ electrical contact points is spatially arranged to
align with the contact pins of the in- circuit tester. Thus, when the no-wire

PCB, with the no-wire fixture attached on its 30 upper surface, is placed

W"hgﬁgéﬁ:"’er sHdats havp i %@g@@ﬁjﬁ@q%}ﬁﬁtié} WF@%R SAM plurality

pins e in-circuif tester are tran rom ow the 7 metal base
plastetctnicatrodatactvpmidig, théiobntaret ppetiaflfharracgeditdestefirsbpadion of an

RO S DR B U BB od T LT RLRN A G SIRCHEN Galtagt points is
igriee b URA N picalYhdife whiten @b & Yicbesuai ey differepéure. In other

contact point layouts and would normally require specific no-wire fixtures

Walkify GaehIb bR dirstoBkiaittaphricattcdbReBiRsIPRINe BiUNe no-wire PCB
R o e e e g e fure
Acaardirgipotitetdirshipdajoutsiofbeuppablewsizsedof the no-wire PCB essentially
corresponds to an area of the no-wire fixture containing the double-ended probes.
During the testing phase, the no-wire PCB is attached along the first portion of its
upper surface to a lower surface of the no-wire fixture. Such an arrangement of the
no-wire PCB with respect to the no-wire fixture allows the first plurality of electrical
contact points of the no-wire PCB to contact the respective corresponding plurality
of double-ended probes of the no-wire fixture. This contact establishes an
electrical pathway between the no-wire PCB and the no-wire fixture and indirectly,

between the no-wire PCB and the DUT as well.

[023] On a lower surface of the no-wire PCB, a second plurality of
electrical contact points is spatially arranged to align with the contact pins of the in-
circuit tester. Thus, when the no-wire PCB, with the no-wire fixture attached on its
upper surface, is placed with its lower surface above the in-circuit tester and the

contact pins (mint pins) of the in-circuit tester are translated out from below the



10

15

20

25

30

10 probes of the no-wire fixture. In this regard, the first plurality of contact
points of the no-wire PCB corresponds to the layout of the double-ended
probes of the no-wire fixture. This means that the layout of the

double-ended probes of the no-wire fixture and the contact points layout

he fi ion of th f f -wire PCB Ut ..
SRS HeRER 0 HLHG o LONBIE hollE SRS oRIa 12 dfagsaieuit tester
gom et Rk dssondivagdssedaropluhat g osresispidsdo coataaowonits, thereby

the mint pins of the in-circuit tester. Having DUT specific no-wire fixtures
aleMing wlrcibed CaprErianlsinaes g B bR DR vRs! trsgnscircuit tester.

adapted to the in-circuit tester, ensure that the in-circuit tester can be
used for testing various DUTs by simply using a no-wire fixture and a
no-\IAX24PCB thypicatissiitiederat dypesciffcdR0 ©ugudip Sienecdiftingrioadiatact point

'nven{lon the no-wire PClﬁ further includes a third. Iq{ﬁllty of elec:trlcgl0

BIAAR BB VAL YA S S Sp"oerﬁb%ﬁ P e 1AL iR rakp!e-ended

plubssconthpoutionrefithe rvppesrsd faat e fDET Ncowise PsdiisI12houts, and no-wire
distinctively different from the first portion of the upper surface of the

R&Raate claeiicalcaniapiRaiils aneibeditsh keriaridhrdirnet stufpce of the
HO QBRI 1 @ivh § el Befshbereien ehihespneissHifage fdhsle-ended

no-wire PCB may, at least partially, surround the second portion.

piekreeeldly: e sieohd perorihiagesarddipe ditstowalins opsarsaai s of the
HBRﬁirréLﬁ@éeFBfngg%’E’é‘?ﬁ%”% ?§§ra§(r%tﬂjﬁ%z?é§(§%886‘[§[8r?pt%§[ﬁ]#E}BS of the no-wire

comprises at leas egrated ¢ capable’of testing active
Axigie. progs ameass| etlzatithec daypon evitstiof thie UblEFerfaigch prob@éssof the no-wire

ounted gn, said second portion of the upper surface of the no-wire PCB,
tiirie anddne i alami eain v Plariivy Redeant liedagr surtace of the
REINFeFICB/ b ACOUTiRgYcHe fMee RRIEONNBYIFLIth®fiESMEERIBIRE on the lower

electrical contact points has a layout that corresponds only to the area of

ﬁ‘}’éfﬂ@gl\ﬂféhﬁ(trﬂ@ewgéca@ﬁlBaﬁltﬁ@'tﬂﬂ,‘.jé&l ﬂﬂé‘%ﬁd@étrﬁ95§§w&1@|ﬂjﬁ%layom of
ﬂs%iﬁ?'bﬁﬁ&%?ﬁ?%%ﬁ%ﬁ?%%f&ﬁ%&%%w Hd RBANY ®ftures and no-

electrical contact points. 10 [028] Furthermore, in the no-wire PCB

wieoRIiBsiomhermtlemtioweeaoiface of said no-wire PCB is adapted to the in-circuit
tester, ensure that the in-circuit tester can be used for testing various DUTs by
simply using a no-wire fixture and a no-wire PCB that correspond to a specific

DUT.

[025] According to the invention, the no-wire PCB further includes a third
plurality of electrical contact points arranged on a second portion of the upper
surface thereof. The second portion of the upper surface of the no-wire PCB is
distinctively different from the first portion of the upper surface of the no-wire PCB
where the first plurality of electrical contact points is located. In one exemplary
embodiment, the first portion of the upper surface of the no-wire PCB may, at least
partially, surround the second portion. Alternatively, the second portion may be

adjacent to the first portion of the upper surface of the no-wire PCB.

[026] The no-wire PCB further comprises at least one integrated circuit (IC)
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contact point of the first plurality of electrical contact points and the third
plurality of electrical contact points on the upper surface of the no-wire
PCB is connected to a contact point of the second plurality of electrical
contact points on the lower surface of the no-wire PCB. Such a

EARBERIGH (P aLe GST U 0P b PR DB TR Bof L AUPRATE iAo the DUT.
hecthishness chtim it winesBaBsedeser dodisnade etiicabiest signade fs®ihe no-wire

the in-circuit tester are routed to the DUT with the no-wire fixture and .
R&Rirrnddielasirieptly rREARERE O dBRIBERIMSIaHY feleelrieal contact points.

Furthermore, since the IC is electrically connected with the third plurality

of contact points of the no-wire PCB, it 20 is also indirectly connected with

the {927t uit tAseordinptihe He-wirst fiptuto habimgnthdeufirshquintatity of electrical
thereq S.p%lZ nan mboqri ent of the invention, when the dimensions of. ..
R S RN B P e R T e A B 8 B ure

sudacenoidhengotivard ibfecietie cth@robegraeriikthee IO v pisesistligasdonected with
recess that opens into the lower surface of the no-wire fixture, wherein

the R isigaigsR ihedbideHerldy M ElRedicahGRRiaeEBRE Sortion of

the upper surface of the no-wire PCB. The shape and size of the recess
are accordingly adapted to those of the IC(s). It isto be noted that there
are HR28bubleFernadpessednatiige nocwiien S oRhaceeise st e tievention, each

e S o e P S B 9T AR e BB pruray of
skminddd pontact pbihes uptiesupgpee QﬁMaemo#\{M'rre RE®ico eClBoishemenected to a
it o re i, MUREHE S HEE At ol n e tower
S¢rfade l8fgretharing Por! sudpae edhediirtalbderactimiaried by electrical

portion of the upper surface of the PCB is formed by the surface portion of

tf@ﬂ@@ﬁ%m@mgﬁ%'ﬁoﬂ%\?&% B?qu WL@tWWtMQ@QNT*pleS running
glgﬁg?k%ttﬁ‘ﬁ&%‘}ieg Biedenyingi s %%&ramﬁfg@@ﬁfr 5QPt§§F9@1als from the
porti avi ted

i
rtion of the upper surface of the no-wire PCB ng the IC moun
thegiecuitdissdan ot re qoutethdan deile UTO ithurideonnewide théuieatamd afo-wire PCB
the recess. to receive the IC. . , : :
acfing as infermediate connections, and vice versa. Furthermore, since the IC is
electrically connected with the third plurality of contact points of the no-wire PCB, it
is also indirectly connected with the in-circuit tester and the no-wire fixture having

the DUT mounted thereon.

[029] In an embodiment of the invention, when the dimensions of upper
surface of the no-wire PCB correspond to those of the lower surface of the no-wire
fixture, the no-wire fixture comprises at least one recess that opens into the lower
surface of the no-wire fixture, wherein the recess is adapted to receive the IC
mounted on the second portion of the upper surface of the no-wire PCB. The
shape and size of the recess are accordingly adapted to those of the IC(s). It is to
be noted that there are no double-ended probes at the locations of the recesses in
the no-wire fixture, as the IC to be received therein does not allow it. In other

words, portion of the lower surface of the no-wire fixture that overlaps the second
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[031] The IC for testing active and/or programmable active components of
the DUT may be installed on the second portion of the upper surface of
the no-wire PCB using existing PCB technology such as
surface-mounting technology. 15 [032] In a preferred embodiment, a

RO aReHPRSESHIAG i Ao Ko T e A D At ble-encied

prkes Riessanvagieftiverpmponents of the DUT under the control of
the in-circuit tester, thereby sharing the test resources of 20 the in-circuit

tester and expediting the testing process of the active and/or

ProgiBablé agHyter BRAUKIIR& R A TinRSRRIAINHER ¥ upper surface of

requirements of the active and/or programmable active component to be
tbsted -witeré2Chisolisge mizgrbh e dresdsfrdaceaphithennoaviitalbiéure, the second

eS| e market s ch as eZ 0F91 h| sLP 2000
L8 e G  Fe e YR af s Do, of the no-
M@ma ty\p&clrn@udmgovammvrm@mhﬁerwmmmt@sv&@dms attached to
for example. Programmable active components may include, but are no

ihgiRer W enbrigR, dRvlisLmRPYBERinAe SRERNARASIRR O H)BikaPer ‘surface of
R nBlGAaf P‘@B‘%\ﬁﬁ%ﬂ%é e araanAkie IR SrasReYBaLIR SR GRY the no-wire

memory (EPROM), electrically erasable programmable read only memory
(RiEPRONNGIHdeH hecieriyramd TeeroetessitorserrRiMedBedss 10 memory

(FRAM). Examples of programmable logic devices include generic array

logic device (GAL), complex programmable logic device (CPLD) and field
prodG8ninablé Igatlé)afrmaye(ﬁl?@%)ctﬁ/{i)adwnrqoregmnmpIerabtidénmt]ponents of

R B B e TR e S AR B B e no-wire
PIoge 8y @G8tHg ! PC Bt AeI 05y Re 610 uig rFieB- ibanafidefechnology.

exemplary embodiment, several micro-controllers may be utilized on the
no-wire PCB, wherein each micro-controller, along with the in-circuit

tes“fbskj Proglams ARCHES!S ARDAMBRES SARFBLUHIGIRPH ALBBERE as the IC
mponeént of the

and the in-circuit tester drives said micro-controller. Accordingly, the micro-
controller is used to test active and/or programmable active components of the
DUT under the control of the in-circuit tester, thereby sharing the test resources of
the in-circuit tester and expediting the testing process of the active and/or
programmable active components of the DUT. Depending on the requirements of
the active and/or programmable active component to be tested, micro-controllers
may be selected from commonly available models in the market, such as ZiLOG'’s
eZ80F91, Philips LPC2000 and Intel 386EX, for example.

[033] The active component of the DUT may be of any type, including
transistors, amplifiers, transmitters and LEDs, for example. Programmable active
components may include, but are not limited to, memory devices and
programmable logic devices. Typical examples of memory devices are erasable
programmable read only memory (EPROM), electrically erasable programmable

read only memory (EEPROM), flash memory and ferroelectric random access
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DUT. [035] As mentioned above, the no-wire PCB according to the

invention can also be utilized in an in-circuit test system, which does not

require a no-wire fixture. 15 In such an embodiment, the in-circuit test

system has a no-wire printed circuit board (PCB) for electrically

connecti vice under test (DUT) to an in-cjrcuit tester in.an in-circuit .
T AL T A RO AR RIS G ABUGES NN Beric armay
RYRE SIS TIBALO;WiEBRSIBXINphesdRa A fiess Bluralily ofelessic@PLD) and field
contact points, which are spatially arranged on a first portion of an upper

BIREHEE GRS @afR ANAY F(’%%G."I%e first plurality of contact points on the

upper surface of the no- wire PCB electrically connects electrical contact

points of the DUT to the no-wire PCB via said first plurality of contact

poini@33he ndrwire REERMarinciiescaimsatorvheinralitplof aligctoéaprogrammable

contact points being spatially arrange a lower _surface of.the no-wire
R BA I e ST i, DA P et B gt rorammable
ebpnrrhwiils saiy cantactitmedbiha sirgleuiiitestevatrchidhatowhizl the the no-wire
no- wire PCB is placed with its lower surface above the in-circuit tester,

FleRoltq0HR8 BXaRRiY e MPRADEBLREVERE BihaliRliR{sJnay be utilized
SIPBHECAbSAREH®BING R clheaeHWHFI-& ntkAISO-WBRS ﬁiﬁ]fﬂﬁg‘ﬁ{—circuit tester,

includes a third plurality of electrical contact points being arranged on a
BEQR@INSoRTSh tEStRONpper S1RfRceAsFaRRASIBE wiregr@BREetisipaPOoNent of the
Bl rlality of electrical contact points is electrically connected with one or

more IC mounted on the second portion of the upper surface of the no 11

wire PCB. Each contact point of the first and the third plurality of electrical

contagt_points of the no-wire PCB is connected contact point of the .
coolaal oA SPenen R ARSI e G ST OTOIE 18 [BSgfvention can
dRke b eritiord|poaRrMislrsuiotes Mgdethoieitngcrid ersitrafairaddiYR-wire fixture.
component of a device under test (DUT) during in-circuit testing.

RceseingNt@ RAAERSHE dhehdrprasati ievériisicrh ngikuiodrertdted circuit
g%sgrgesgﬁgm R BIANR P RBHERFALCAULBE A HedP MIRMTY:an in-circuit
y, the testing of at least ohe active component of the is
tastecarrt iowtitgiigestisystenddotesitngctherbilef mdenieecwouthdester includes
Qoﬁ uirrgliﬁ/co iE‘o%?QEL%”&%%T‘ riltg %hoe—vi\mgirlgﬁibtelﬁg%des a first plurality of electrical
contact points, which are spatially arranged on a first portion of an upper surface of
the no-wire PCB. The first plurality of contact points on the upper surface of the no-
wire PCB electrically connects electrical contact points of the DUT to the no-wire
PCB via said first plurality of contact points. The no-wire PCB also includes a
second plurality of electrical contact points being spatially arranged on a lower
surface of the no-wire PCB. The second plurality of contact points of the no-wire
PCB is aligned with said contact pins of the in-circuit tester such that, when the no-
wire PCB is placed with its lower surface above the in-circuit tester, the contact
pins of the in-circuit tester contact the second plurality of electrical contact points of
the no-wire PCB. The no-wire PCB further includes a third plurality of electrical
contact points being arranged on a second portion of the upper surface of the no-
wire PCB. The third plurality of electrical contact points is electrically connected

with one or more IC mounted on the second portion of the upper surface of the no-
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of the system. [037] In an embodiment of the method according to the
invention, the in- circuit tester controls the micro-controller of the no-wire
PCB, thereby sharing the 15 test resources of the in-circuit tester with the
micro-controller mounted on the no- wire PCB. The signals from the

ferr he micro- ler via the. electrical .
B Bttt 8 BEhBD G B AL, RO TP HUiEh PG e D Etafigal contact
BBIMS GNP PIHIHieE theBAsNdEhREdte @ Gl @38b ttlae BJiht BRth@ second plurality of

programmable component, the testing of said programmable component
aleGrieRCRNACERAIBIS AEMPWiR/B%BN includes the following steps:

(a) Sending a write-start signal from the in-circuit tester to the micro-

controller; 25 (b) Writing data into the programmable component of the
DUT0@8]Sending anveitdicoplsignaiavides ifeciruinessns febntesiengiatoleast one

coptroller; (d) Readipg the data frqm the.p mmable .component: and :
o T A A SR e SRS OB R RO, Accorcing
tietusiptioth et drengles dnavvingstkaryan in-sictuittiesildygrstarataddtgibed in any
of the present invention and should not be construed as limiting the

BldBermhRvetRanite e SHIRRAMGTES IR Rramdech PHLsEMEN heidhe testing of at
RRYERRE AERE TEMb ettt RRAMINGE 3EA0k Arigete dut at least one

no-wire PCB with a micro-controller mounted thereon; [041] Figure 2
BHees el eir conuetad pstdheinehvdiegRCmbinvireBtsm Mithighedntgiicuit tester

81“&18@?8% ent; [042] Figure 3 shows an in-circuit test system including
a no-wire of Figure 1 in another embodiment; and

[037] In an embodiment of the method according to the invention, the in-
circuit tester controls the micro-controller of the no-wire PCB, thereby sharing the
test resources of the in-circuit tester with the micro-controller mounted on the no-
wire PCB. The signals from the in-circuit tester are transferred to the micro-
controller via the electrical contact between the contact pins of the in-circuit tester

and the electrical connection points of the no-wire PCB.

[038] If the DUT has a programmable component, the testing of said
programmable component according to an embodiment of the invention includes
the following steps:

(a) Sending a write-start signal from the in-circuit tester to the micro-
controller;

(b) Writing data into the programmable component of the DUT;

(c) Sending a write-stop signal to the in-circuit tester from the micro-
controller;

(d) Reading the data from the programmable component; and

(e) Verifying the read data by the in-circuit tester.

[039] The following description based on the drawings serves to aid in the
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15 [043] Figure 4 illustrates a programming process. DETAILED

DESCRIPTION OF THE DRAWINGS [044] Referring to Figure 1, a side

view of a no-wire PCB 100 is shown. 20 The no-wire PCB 101 includes a

first plurality of electrical contact points 105 on a first portion 120 of its

u urf e 15Q, A secon Iural of electric oints 107 is
RBRISEENGITG P SAAEE LY SRS AOSATR PSR FORRAHEH o8 miting the
B?E@d@iwﬁhéh%ﬁ%tﬁfé Bﬂhb@oﬂﬂ%ﬂﬁsﬂﬂf@@@@[é@%ﬁoﬁ@é@ﬁﬂbwwo of

the upper surface 150 of the no-wire PCB 101. A micro-controller 103 is
mounted on 25 the second lSortlon 140 of the ugi_per surface 150 if the

no-wire PCB 101, wBRIER RESGRAPTION @Fof e RRAVWINGSIler 103

are connected to the third plurality of contact points 109. The electrical
conmo]omt rd 01 aRQ9ATRiAfRrabtyBelier 0IhRY YR RIoller mounted

contact points. 30 [045] Figure 2 shows an in-circuit test system. The

{R&sENt test system comprises a no-wire fixture 400, an in-circuit tester

310 and a no-wire PCB 210 according to the invention. 13 [046] The

no-wire fixture 400 includes a mounting board 410 that accommodates

doufd&thdedriguires21 Sbdws sadinerticallytesteyepeaclexchidingTaeno-wire PCB of
0 ereilxture further cludes a recess 430 in the mounting board 410

Hgf‘"@p e P&ﬁsef&% gﬂ?f&ce 490. As seen, the recess 430 is formed in

a double- 5 ended probe-free portion of the lower surface 490 of the
no-wire fixture 400. [047] The in-circuit tester 310 of the in-circuit test

systtft?las afparmS08 R Hihsiesti dest Sestefrattabgintanmedwire PCB of
[ Pethet'f‘aﬁEfngrI%ﬁ’i%Baflrﬂem thisg regard, the retractable contact pins
3

can translate in a vertical direction from 10 their default positionbelow
a metal base plate (not shown), which constitutes the upper surface of
thev&%{ uit tﬁster 3 {A ordln rE)her contaact PInS 330 protrude
out tabov & metarhase p %ugh%%s fStied therein when
in their contacting position during a testlng operaion. 15 [048] The no-wire

PCB 210 compriSETAILEPED ESCRIPAIONO R THE D RAWINGS0. The
upper surface 250 of the no-wire PCB 210 includes a first portion

[044] Referring to Figure 1, a side view of a no-wire PCB 100 is shown.
The no-wire PCB 101 includes a first plurality of electrical contact points 105 on a
first portion 120 of its upper surface 150. A second plurality of electrical contact
points 107 is arranged on a lower surface 130 of the no-wire PCB 101. In addition,
a third plurality of contact points 109 is arranged on a second portion 140 of the
upper surface 150 of the no-wire PCB 101. A micro-controller 103 is mounted on
the second portion 140 of the upper surface 150 if the no-wire PCB 101, wherein
electrical contacts of the micro-controller 103 are connected to the third plurality of
contact points 109. The electrical contact points 105, 107 and 109 are preferably

either gold or copper contact points.
[045] Figure 2 shows an in-circuit test system. The in-circuit test system

comprises a no-wire fixture 400, an in-circuit tester 310 and a no-wire PCB 210

according to the invention.
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and a second portion having a first plurality of electrical contact points (not

shown) and a third plurality of electrical contact points (nhot shown)

respectively. The lower surface 270 of the no-wire PCB 210 has a second

plurality of contact points (not 20 shown). In addition, the no-wire PCB 210

also a migro-controller 230 mou on the second portion of its
upp&E%%]rfaceﬁ‘on. R Hicr X&B‘Eﬁro%tg 2%0{5’88[%0@0 IQ}%mﬂacF&Ff& 410 that
Hee shiis ddateiyddutnelaatisainsodids e1secend sutioaratding Ppeteptacles 470.
surface 250 of the no-wire PCB 210. 25 [049] During the testing operation,

dsunosyiastsimtbRiRASRS JufeReSHa%RdhABAKIBgHgard 410 that
%Bén@% RSGSURY 18GHLIgeIFTRAR eHACHUR CAMPEHSRLBRANed® a double-

UT is mounted on the no-wire fixture 400 such that one end of the
eondbiEpnbede®bestivbood thealovesds vidacedH8cr i tsmfiie fiziume 400.
510. The opposite ends of the double-ended probes 450, during said
testing 30 operation, contact the first plurality of electrical contact points of

the fior7ortionha 20-ofrtst wester I1tacetRedmtitinaesireyisfeh2idl a plurality of
when the no-wire PCB 210 14 is attached with its upper surface 250 alon

SOBiRE! BNFBRUBRbRIRL HHEARIRD!¥iRRENiR WALLLD i iy CHirv i Sastar 310. In this
gg@gﬁﬁ&ﬂ%ﬁ&?é@%@t a9 helad el CRRIRGERD M S0T SRR ¥R tion from

is aligned with the spatial arrangement of the double-ended probes

Hwor pefaiditipastirnbetne @ tieetaickase midieP3oshavsuntetich wenstitutes the
d i the u 0.0f the,no-wi B,210 :

OB SRR B B e B G Beagl g odliag: pins 320
pretnete snid&) dycababiée therevtii fg secpiaiter ahcongblles|28Gdhesaltherein when
during the testing operation. 10 [050] The in-circuit tester 310 contacts

T, P BLARLLE S5 UP B MR, B SRETAID Blaraity of contact pins

330. As mentioned, the contact pins 330 are mounted within the in-circuit

tester 310 in a retractable manner and only extend to contact the contact

poirk@48bt shbiid)envHe 1Bl 31RLMIEeFtAE nPRAFeSWage 250 and a lower
e R A D frt porton
sondaceerdodpurtaohaiving @Bitsbanidr2dity sicetadingdy abrtzecpaihts (not shown)
gkugegi%%camg |¥y of electrical contact points (not shown) respectively. The lower
surface 270 of the no-wire PCB 210 has a second plurality of contact points (not
shown). In addition, the no-wire PCB 210 also has a micro-controller 230 mounted
on the second portion of its upper surface 250. The micro-controller 230 is
electrically connected to the third plurality of contact points of the second portion of

the upper surface 250 of the no-wire PCB 210.

[049] During the testing operation, a DUT 510 is mounted on the upper
surface of the no-wire fixture 400. The DUT 510 may include a programmable
active component 530. The DUT is mounted on the no-wire fixture 400 such that
one end of the double-ended probes 450 contact electrical contact points of the
DUT 510. The opposite ends of the double-ended probes 450, during said testing
operation, contact the first plurality of electrical contact points of the first portion
120 of the upper surface 250 of the no-wire PCB 210, when the no-wire PCB 210
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points of the no-wire PCB 210 is spatially aligned with the contact pins
330 of the in-circuit tester 310, so that test signals from the in-circuit
tester 310 can be properly transmitted to the no-wire PCB board 210. 20
[051] With regard to Figure 2, an electrical pathway is established

between the in-circuit tester, DUT apd the micro-controller 230, via the, ,
o RE BV G AP RES AR TR0 RS AckahEingHy ke Aibidsthe no-wire
fixeuiRti CAOEOREEHRingH), thie\spaes WpRIhHeRASIBTORRSASCRIUPAIIRE of electrical
in-circuit tester 310 to carry out 25 testing and programming functions on

B SIegPRRaBle R e Wi fUnBnissalicpechwiBUN S EpiopEaaeBent of the
S0OWe AMAEE T BHELES! B5UEMASKIHIBE, IR OBEiBARH MBI BRtroller 230

invention. The in-circuit test system of Figure 3 comprises the 30 same

feawnies antiece agtnodichpattihrowh tineFigurer 3 ukiase RBQI\ofttireimaeiwiig PCB 210
test system comprises an in-circyijt tester 310, a no-wijre P vin

e RS 8 B e A T Bho b e A 0 dn i e, the

2 ke 430, andapasiovioe fixteieidgOthEhenisrengamenéof2g0difeatiresiuring the
is identical to the in-circuit test system of Figure 2, with the exception that
tRRUNG- AR B8 and thereby its upper surface is larger than the no-wire

fixture, resulting in that the micro-controller 5 230 of the no-wire PCB 210

can be arranged on the surface portion of the no-wire PCB (constituting

the §886hd porfierinoeiresiit ipries dtlceoptacts the awaireuriges 276)0f the no-wire
igh.s f wire f .
Wt@'ﬁ d@?@%ﬁéﬁﬁéﬁ%@é@%@é’&ﬁrgﬁ.OAEh%QRn‘HHSJ “THECBHELL pins 330 are

atfacje Ingly, a recess to accommo
theuftea twehimdhetinechoaidtddi@ o8 tein@awiiedotbbie 408nseroame @byl extend to

in this embodiment, 19%)53% Acc%[gin : dur'hnﬁq Ia test oBeratio hep h .
GRS PEuFRINES BRI R PEW™1 87 URAMN H0HGHe46R & the no-wire
paRea ofdhamp thiradbiiHie S aBs nPevisUEbLIESarbesb iRt pins 330 contacts
micro-controller 230 remains uncovered by the no-wire fixture 400. 15

the second plurality of electrical contact points (not shown) on the lower surface
270 of the no-wire PCB board 210. Accordingly, the second plurality of contact
points of the no-wire PCB 210 is spatially aligned with the contact pins 330 of the
in-circuit tester 310, so that test signals from the in-circuit tester 310 can be

properly transmitted to the no-wire PCB board 210.

[051] With regard to Figure 2, an electrical pathway is established
between the in-circuit tester, DUT and the micro-controller 230, via the no-wire
PCB 210 and the no-wire fixture 400. Accordingly, this enables the micro-controller
230 to leverage upon the existing resources of the in-circuit tester 310 to carry out
testing and programming functions on the programmable active component 530 of
the DUT 510.

[052] Figure 3 shows an in-circuit test system according to another
embodiment of the invention. The in-circuit test system of Figure 3 comprises the
same features as the embodiment shown in Figure 2. Accordingly, the in-circuit

test system comprises an in-circuit tester 310, a no-wire PCB 210, having a micro-
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[054] Figure 4 illustrates a method for testing, including programming a
programmable active component 800 on a DUT using a no-wire PCB (not
shown) with a micro-controller 600, in conjunction with an in-circuit tester
700. 20 [055] The micro-controller 600 is equipped with four groups of

bidirectio General Purpose 1/0 pins (GPIQ pins). Of the four S
SR BB 5510 Ao RS LRI RARR T Are A hereof, and a
RSiRird Okrine Ye0reThRindREayenisat RS ehldRKA s aseidsatldd to the in-circuit
communicate with the programmable active component 800. Of the two

rSupysi @ Id Yt 2oWiuie P RIHBAIS R oRparFRabfeEhdis therey its
@BB@%@%@&% %rﬂgeqrﬁié‘?w%&Rb%@%ii&d?é,%%|¥rﬁ@mﬁ§%é§ﬁ&ﬁlcontroner

Igure 4) and the other group is for clock signal transmission (SCL in
23lcd e [066)iDaMgBoRMhoagr e @iranggcentbénscirade teetéionay the no-wire

a 30. write-start signal,to tT micyQ:controller 600, which t .
B o R R e shitass 250 Bin nagyire PCE
tr)nwhighititestercerd® bipwie neorivisgrizaid vfr ieestaridignatithe when attacjed
micro-controller 600 starts to program the programmable active

HIRMAMERPSekh 200 28K RITREIY foR SESERPRe [RsRRF MBI ol IC in the

ﬁfofaHﬂiﬁgoﬂb%mf@mmﬁ@iﬁatwétmmé)mm@ﬁ@e%@afﬁ] 898 8RMRRIS ment.
800. 5 [057] When the micro-controller 600 has finished programming the

programmable active component 800, the micro-controller 600 sends a

P SR SSE5 SR TR o of
notwind PEEI@LDIs HitapkeatialmipkecHiower sitfaesprdhieo toewire fixture 400, as

rogramming, in order to complete the testjng process. The next .
BB S Re e e MRRCRE T e PSIET DS SRR G 5 bY the no-wire
witeesstrabsignal to the micro-controller 600. [058] The in-circuit tester 700

in this exemplary illustration is selected from 15 Agilent 3070 series while
the micro-controller 600 is the model eZ80F91 from ZiLOG, and the

ProgggRMableRiie £OMRANABL OB ARF FTREN HENAJEHg programming a
programmable active component 800 on a DUT using a no-wire PCB (not shown)

with a micro-controller 600, in conjunction with an in-circuit tester 700.

[055] The micro-controller 600 is equipped with four groups of bidirectional
General Purpose I/0O pins (GPIO pins). Of the four groups, two groups of GPIO
pins are used to communicate with the in-circuit tester 700 and the remaining two
groups of GPIO pins are used to communicate with the programmable active
component 800. Of the two groups of GPIO pins in communication with the
programmable active component 800, one group of GPIO pins is for data
transmission (SDA in Figure 4) and the other group is for clock signal transmission
(SCL in Figure 4).

[056] During one programming cycle, the in-circuit tester 700 sends a
write-start signal to the micro-controller 600, which the micro-controller 600

receives via a first GPIO group in communication with the in-circuit tester 700.
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integrated Circuit (12C) BUS. [059] The no-wire PCB with the IC mounted
thereon, according to the 20 invention, allows the existing

testing/programming resources of the in-circuit tester to be supplemented
in a cost-effective manner to reduce the amount of time spent on testing,

FH1E LR Bl 5o oA eSS Gyl ROl © program

ﬂf@%@t@rhmaﬁ@@éﬂt@dbﬁ@p@wmwmmﬁ&mum émﬁﬁglpﬁiw&%mple, using
the In- 25 circuit tester and the IC mounted on the no-wire PCB of the

Bresve isverasnofdehl RitRBy ARk sREYBHNIFM M MM AR @sAgrammable active
gb?ﬁ daggglustrated with respect to preferred embodiments thereof, it

Is to be runderstood that the invention is not to be so limited and that

other changes and modifications can be 30 made within the full intended

sco qéilthe |wﬁntlo as herelnafter cI |me P§7 &%—%Ar\ma'i? ﬁt |chIa|med

is: 5 no-wire prln 68 CIFCﬁltob n {Anming the

ﬂEt)(ﬂammdbrdeﬁlt@wﬁ@@mﬁtmlttt%iﬂtdfDaclfDrﬁtf@IMeuIBDBStS@J‘ﬁiefH write-stop
for testing the DUT, the in-circuit tester having a plurality of contact pins,

SHBRTQM IR A REIOEE ChTHiprRRUR H RIS IR WtRE G rcut tester
POGS/PREYD SRBNBRYGHIANARG Oy B AT AINRIOTRAIRRCLBNTEARE Obrification

the no-wire PCB for electrically connecting a plurality of electrical contact
ppRieliont ke plansewsiia reReel mtﬁm@mwmcﬁm@qﬂmgomplete the

f
BRI RS TR EBAGAFHE TR, B I 50 i tester 700
septiiogdawittitésstavvaignafaoeHé ralupuectirarviieir6@@0 tester, thereby

allowing the contact pins of the in-circuit tester to contact the second
plurality of electrical contact points of the no- wire PCB, a third plurality of

electgse) contpseRAlBICOR AR FTIRThQRI SRIAPFARPIIRR atidle idRRRECted from
surface of the no-wire PCB, wherein each

Agilent 3070 series while the micro-controller 600 is the model eZ80F91 from
ZiLOG, and the programmable active component 800 is an EEPROM using Inter-

integrated Circuit (12C) BUS.

[059] The no-wire PCB with the IC mounted thereon, according to the
invention, allows the existing testing/programming resources of the in-circuit tester
to be supplemented in a cost-effective manner to reduce the amount of time spent
on testing, including programming, active components of the DUT. The no-wire
PCB of the present invention also allows for the DUT testing and production
process to be accelerated through integrated resource sharing between the in-

circuit tester and the IC mounted on the no-wire PCB of the present invention.

[060] Although the present invention has been disclosed and illustrated
with respect to preferred embodiments thereof, it is to be runderstood that the
invention is not to be so limited and that other changes and modifications can be

made within the full intended scope of the invention as hereinafter claimed.
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20 contact point of the first plurality of electrical contact points and the
third plurality of electrical contact points of the no-wire PCB is connected
to a contact point of the second plurality of electrical contact points of the
no- wire PCB, and at least one integrated circuit (IC) for testing at least

n lve 25 component of the DUT, said IC being mounted on the
%ortion of the upper surface of the no-wire PCB such that
electrical contacts thereof are connected to said third plurality of electrical
contact points. 2. A no-wire printed circuit board (PCB) for electrically
Whidstirlgianae-Wire 30 fixture to an in-circuit tester in an in-circuit test
system for testing a device under test (DUT), the no-wire fixture being
adapted to be attached along an 18 upper surface thereof to a surface of
the DUA havvwgeamilmrtantycb“buiu’u)oaodtéeqﬁjirfw alatticadyonanoealiog a device

therein a Iur I|t le- ended belng in ali nmen wijth and
comac R St 5 BT PR SR AL 1Ak for testing

a plurailiy @l0TNtket mrﬁrwha&mmﬁawgS avisr RGE mm@m.mﬁﬁswherem the
plurality of electrical contact points being spatially arranged on a first
portion¥9r Wi & 515eR SARUSSSihe no-wire PCB so as to align with and

contact said pAufipdtypRIrdRYOsE-SidatarRetRk hsime- W&%‘@Hé%amh%ﬂanged on

the no-wire PCB is attached along its upper surface to a lower surface of
10 the &ofiigtednties, afsetbriPprIrasityfacel«ftritd camatepfiB beinglectrically

i I
ot soos B o B A UCERTal SRR & R B o
the no-wire flmwecammemmtﬁmiestptmle:cbmmlicnqsdmmbemgaspaaiadiyearranged

(ostor O CAORET ATt HErR ) DPIcrias Earih el QoA AR contact pins

no-wirg;EB i dvediptesbly \Wﬁ@l@WéCﬁbQQW@PUD'@t@Ih%@ WITRNGGEVAEY surface
a second portion of the upper surface of the no-wire PCB, wherein each
above the in-circuit tester, thereby allowing the contact pins of the in-circuit
tester to contact the second plurality of electrical contact points of the no-
wire PCB,

a third plurality of electrical contact points being arranged on a
second portion of the upper surface of the no-wire PCB, wherein each
contact point of the first plurality of electrical contact points and the third
plurality of electrical contact points of the no-wire PCB is connected to a
contact point of the second plurality of electrical contact points of the no-
wire PCB, and

at least one integrated circuit (IC) for testing at least one active
component of the DUT, said IC being mounted on the second portion of the
upper surface of the no-wire PCB such that electrical contacts thereof are

connected to said third plurality of electrical contact points.

2. A no-wire printed circuit board (PCB) for electrically connecting a no-wire
fixture to an in-circuit tester in an in-circuit test system for testing a device

under test (DUT), the no-wire fixture being adapted to be attached along an
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contact point of the first plurality of electrical contact points and the third
20 plurality of electrical contact points of the no-wire PCB is connected to
a contact point of the second plurality of electrical contact points of the
no- wire PCB, and at least one integrated circuit (IC) for testing at least

one active com one of the DUT, sai onthes
portior AP SoE AR AP IR o TR Feaa L IRP G A of DUT
contaC&mQ&%@mspmq@%&émmaaaidolméiéyn%emmraqw enstible-ended
points. 3. The no-wire PCB of claims 1 and 2, wherein the IC is a

micro-C5RRBAIANGAR BYIRBRNENGTH I8stCORAREth§ashrEalidywf DUT contact
compopgpief {he R'dikcdR dsldiering e Biak f@'%%t%?’ WQeWH%reln the no-

the no-wire PCB and the no-wire flxture are adap d to each other such
that thavi® mMehasimpiiges no-wire PCB is accommodated in a one

recess of the nq

) érelm%z& o\?lh? hle no- WI g fxtglrre is attached£ heaPran od on
5 wire PCB, SAid TedBel Ing TO me&an & mE2 I)Sea ShdtraeY 9

portlonacﬁfrﬁn@mwwreffaﬁmppmwlsorfenmgﬂmetrhe MVeePanaoeaeftdwengn with and
no-wire fixture towards the upper surface of the no-wire PCB. 5. T,

o CPREEL AT, G BRI TR SHAREP L WA HE.fire. when
fixture gig ABARIRI FOERR ARIBSHEORG! SUSpEt EIAIEYERABRBIBrface of

of the no-wire PCB which is not covered y the no-wire fixture, when the
no-wirdnpengefisiied to the no-wire PCB, said portion constituting

said second p r t r

in-circuit test é[;/é em rB tﬁe“'s’%H Rg g eé%%?%%d& estt\?él)ELPF§Ck§grﬁ§ g é‘bla)ﬁarranged
in-circwntestewbagngarelofahiy ndesintaBiGihsoaaslta Btigmineithristéd contact pins
O o oS e e e e s o KT VIR HE-wire e

tester
attached thereon is placed with its lower surface above the in-circuit tester,

thereby allowing the contact pins of the in-circuit tester to contact the
second plurality of electrical contact points of the no-wire PCB,

a third plurality of electrical contact points being arranged on a
second portion of the upper surface of the no-wire PCB, wherein each
contact point of the first plurality of electrical contact points and the third
plurality of electrical contact points of the no-wire PCB is connected to a
contact point of the second plurality of electrical contact points of the no-
wire PCB, and

at least one integrated circuit (IC) for testing at least one active
component of the DUT, said IC being mounted on the second portion of the
upper surface of the no-wire PCB such that electrical contacts thereof are

connected to said third plurality of electrical contact points.
3. The no-wire PCB of claims 1 and 2, wherein

the IC is a micro-controller driven by the in-circuit tester for testing

the active component of the DUT.
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20 a first plurality of electrical contact points being spatially arranged on a
first portion of an upper surface of the no-wire PCB for electrically
connecting a plurality of electrical contact points of the DUT thereto, a
second plurality of electrical contact points being spatially 25 arranged on

a loyver surface of t o-wire PCB so_as fo align with said contact pins of
the%-éﬁf&%i‘ﬂ?é@’fé?, %%r?ﬁ%%@-é?é %d’é]%reb%aced with its lower surface
above the in-gHguHJasiRy . RCBelNdalivmgWie cpataet Bressidpeed to each other

in-circuit tester to contact the second Rlﬁurality of electrical contact points

of the Mr@@@ﬁ?s@a’m@%‘tﬁl@@ﬁtﬁ Q@ch%lp&ﬁté%ﬂmgrg@q?ded in a one
arranged a2 S RF0 N RATECHE B SRR HIRaRCRiPE e Y48 RERd to the no-

wherein 20 5 10 each contact point of the first plurality of electrical contact
points wiig PeBhisdipluestgsobelsgtficanednitac poiticot toed@ioives free portion

PCB is nnected to a.contact point of the seco lurality of electric
£ 350 ORI o8

| .
contacPhditts St L ASHIE P, QRETAR AR NS TGt fpe no-wire

for testinguat lrashritethrctpp @osupizivent ohd e Wire REBC being
mounted on the second portion of the upper surface of the no-wire PCB
such that electrical contacts thereof are connected to said third plurality of

elegfricahLABIAFHPPOIS of cldimiD-6irauiviestchystem of claim 6, further

comprising: a no-wire fixture being adapted to be attached along an upper
surface theredi¢onosuifade@BtaabUTE merinte itissitpisr BUAPtashtgceach other

points, t | lurality: le-enc ,
being in a?]gr%nge?ﬁﬁ %.Ws??ﬁ cé)ﬂrﬁgéc%n%rpsgig %ﬁ%l@%?%jgﬁfﬁgﬁg?gwm 's not
points,coleraindheHeshpluiadityixitisde ciiaal thatactwoimtixifitbdnattdobed to the

no-wire PCB, said portion constituting said second portion of the upper

surface of the no-wire PCB.

6. An in-circuit test system for testing a device under test (DUT), comprising
an in-circuit tester having a plurality of contact pins, and
a no-wire printed circuit board (PCB) for electrically connecting the
DUT to the in-circuit tester, wherein the no-wire PCB comprises:

a first plurality of electrical contact points being spatially
arranged on a first portion of an upper surface of the no-wire PCB for
electrically connecting a plurality of electrical contact points of the
DUT thereto,

a second plurality of electrical contact points being spatially
arranged on a lower surface of the no-wire PCB so as to align with
said contact pins of the in-circuit tester, when the no-wire PCB is
placed with its lower surface above the in-circuit tester, thereby
allowing the contact pins of the in-circuit tester to contact the second
plurality of electrical contact points of the no-wire PCB,

a third plurality of electrical contact points being arranged on a

second portion of the upper surface of the no-wire PCB, wherein
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PCB are spatially arranged on a first portion of an upper surface of the no-
wire PCB so as to align with and contact said plurality of double-ended
probes of the no-wire fixture, when the no-wire PCB is attached along its
20 upper surface to a lower surface of the no-wire fixture, 8. The in-circuit

test system of ¢ ms 6,and 7 e IC is |c o-controller d
oy the m-ciro R ENTATLEIH T Bt BRAIhEn ISR, FF sk points and
The in-circuit {rst SVFICPIPAHRIBY R vdneiemdbe peimdre PHB W@dvi'/h@ PCB is

no-wire fixture are adapted to each other such that the IC mounted on the

no-wire PCB ROAPESHRAJ@a LANERGE RN nef reti@ssscandnplysplity of electrical
fixture when tBSrHQC\fVB&Hi@LHﬁF%%@G\hF‘é’ ﬁ@@;ea%g no-wire PCB, said

recess being formed in a double-ended probes free portion of the no-wire
fixture and opening iatoléastoonrs sumateﬂtrmrnwtzil(&)rédmw@ngmatdleast one

the upper surfage of the no-wire PCB. he in-citcuit test s em of
claim 7 or 8, \ﬁﬁ%relr%: PR %foﬁ% ]]é.l)%Jdﬂhe ndo?\&lﬂfl::r% re adaptty(]ie second

to each other posideh dhahéhegpeis suefactediotha mttmreoPttB Baehitkat electrical
PCB which is not covered by the no-wire fixture, when the no-wire fixture

is attached to%RB %Sv\ﬁt’@rlﬁéb aé‘él&%@ﬂﬁ?ﬁegoﬁgtlﬁﬁ'iﬁg@ﬁ% RUGly of electrical

portion of the sppaEiifage of the no-wire PCB. 10 11.A method for
testing at least one active component of a device under test (DUT) during
in-circuit testing, comprising: providing an in-circuit test system as defined

in clai e T g said
mlgﬁ)?ﬁﬁﬂe}% %ﬁ%mé:ﬁ%g&gw f@%ﬁﬁg@ﬁ I?%y t%ﬂ n-circuit
tester. 15 12. 3 heosvdtbodixitictaibeiliy vadeystiedhie abtvaitachsaheibdof an upper
e D P IREr a0 5 2 S eSS Hhe BUT kiR 3 Bty "of BUF contact
compo
points, and to accommodate therein a plurality of double-ended probes
being in alignment with and contacting said plurality of DUT contact points,
wherein the first plurality of electrical contact points of the no-wire
PCB are spatially arranged on a first portion of an upper surface of the no-
wire PCB so as to align with and contact said plurality of double-ended
probes of the no-wire fixture, when the no-wire PCB is attached along its

upper surface to a lower surface of the no-wire fixture,

8. The in-circuit test system of claims 6 and 7, wherein
the IC is a micro-controller driven by the in-circuit tester for testing

the active component of the DUT.

9. The in-circuit test system of claim 7 or 8, wherein
the no-wire PCB and the no-wire fixture are adapted to each other
such that the IC mounted on the no-wire PCB is accommodated in at least
one recess of the no-wire fixture when the no-wire fixture is attached to the
no-wire PCB, said recess being formed in a double-ended probes free

portion of the no-wire fixture and opening into the lower surface of the no-
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the DUT comprising: (a) Sending a write-start signal from the in-circuit
tester to the micro- 20 controller; (b) Writing data into the programmable
component of the DUT; (c) Sending write-stop signal to the in-circuit tester
by the micro- controller; (d) Reading the data from the programmable

22
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10.The in-circuit test system of claim 7 or 8, wherein
the no-wire PCB and the no-wire fixture are adapted to each other
such that the IC is mounted on a portion of the no-wire PCB which is not
covered by the no-wire fixture, when the no-wire fixture is attached to the
no-wire PCB, said portion constituting said second portion of the upper

surface of the no-wire PCB.

11.A method for testing at least one active component of a device under test
(DUT) during in-circuit testing, comprising:
providing an in-circuit test system as defined in claim 8, and
testing said active component of the DUT using said micro-controller,

the micro-controller being controlled by the in-circuit tester.

12.The method of claim 11, wherein the active component of the DUT is a
programmable component, the testing of said programmable component of
the DUT comprising:

(a) Sending a write-start signal from the in-circuit tester to the micro-
controller;

(b) Writing data into the programmable component of the DUT;

(c) Sending write-stop signal to the in-circuit tester by the micro-
controller;

(d) Reading the data from the programmable component; and

(e) Verifying of the read data by the in-circuit tester.
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