1.2 JUN 2006 -1 FLEXI BLE TEST HEAD | NTERNAL | NTERFACE FIELD OF THE

| NVENTI ON The present invention relates, in general, to condudtviNoailts
for use with test heads for testing el ectronic conponents, and nore
specifically, to flexible circuits for use with test heads. 5 BACKGROUND OF
THE | NVENTI ON An automatic test systemis frequently used to test
integrated circuits. Such an automatic-test systemmay include a test

head, whi ch contai ns high-speed electronic circuits, which provide input

stimuli signals to the dewiggpupdestigsip iR AL Aekdei et and nmeasure the
correspondi ng out put response signals fromthe DUI. The test signals nust

be generated and 10 processed wigihy BrRchSE @QvisikfoN egard to signal |evels,
wavef orms, and tenporal characteristics. I'n addition, the test head may
contain pover suppli §fe pAthClvaRiOY FellfesPRWERerdl Qo EORIEME pARd R BEADRT el Geads €St
circuitry to test key e?ectrlcal paraneters of the DUT. Test heads may be
const r uct eér testipealectignigicorapapgith. ehg mere sgesificeBy .ty Beable piequielifongse Wi testdgahpl e,
digital logic devices, nenory devices, anal og devices, and m xed signal

devi ces. 15 Devices to be testdd-@WRYUNRD/E FHY INYENEIONt el ectrical contacts
or "pins" which connect the internal circuitry with external circuitry in
an overal | system | {*N28MRIGEHY TR Bdreppghdy pifdto teptitegraled ciFfeEy SuPp es and
det ects t egliophigtnad SysRROhSN inPLAV H8 SedAOWBIch SeRRhi Ot Q08S 1rand cBERY Rehich
connections. In this disclosur frequently and is

g the term"ground” 1s used
to be takeRoVieinpPat sl slagain iyt devicq ypdes sy BV G 46 detet padaneasiiig tis
general Iy uheepeURQAuBY: tHose sikilk ked thdDUNErm@hidst sifils it BXRARLRd aid t h

respect to circuits and power supplies, it refers to _conmon returns and the
poi nt 18f P@F%Sﬁﬁwt%?%ﬂﬁb\f@m%? to Bt IR, R ValeTs A FREEIOEN Chagrolaipt . DA

anot her eXadiid, thWidsiheh & MBLEnt i Opdie sudpi@NSMcH BioOide Phwdr@Sthe DLANRAdDatameaRd
fromthe DUT, it referi to the return paths of the signals, which may be

i ndi vi dual *pEREtRL GFteAY desbiaehrarpntresl 8 PPl st ed pairs, shared common
pat hs such as a co n ground plane for several strip lines in printed
circuit board, or anﬁrg%%ﬁiéﬁaﬁhgwﬁﬁﬁfeﬁ.m PHE YEe Yasely dbvé?%peéfncgld{:jWai% may
be connect ethnipl:, GRANMNGRIPQIVIES n@oedeicty enaZ davipQt futhiadd sipal dRreessarily
connected to the earth, internal to the test head and/or at the DUT
Generafsly, for each giegoalio pé fsted mbpieavBblly nunfter $fesdktRgadnBuissr ‘SURPHHicRN

individual digital, analog, or m xed signal testjng circuit. ch a
creu s e nrr el b s eE R R Pl et G R ey g that
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el ectronics. 30. There. nus e one pin electronics circuit for each device
St hat | SRR O EIEIOHE B B ErHEh 8 Ve T B o GBS OO i 1
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of pins or several devices. in parallel m@ere each device has a fraction of
the nifber SHMPL: Wéth respect to circutts and power supplies, it refers to common returns and the pomt of

relative zero potential, whether or not connected to earth. As another example, with respect to the
transmission of test signals t:) and from the DUT, it refers to the return paths of the signals, which
may be individual paths as with coaxial cables or twisted pairs, shared common paths such as a
common ground plane for several strip lines in a printed circuit board, or a combination of both. The
25 return paths of signals may be connected to common points of relative zero potential, not necessarily

connected to the earth, internal to the test head and/or at the DUT.

Generally, for each signal pin of the DUT, the test head must supply an individual
digital, analog, or mixed signal testing circuit. Such a circuit is often called a “pin electronics”
circuit, and the entire collection of pin electronics circuits is referred to as simply the pin electronics,

30 There must be one pin electronics circuit for each device pin that is té be tested. Often test heads
will contéin hundreds of pin electronics circuits in order to test individual devices having hundreds
of pins or several devices in paralle] where each device has a fraction of the number of pins.

Typically, a pin electronics circuit is designed so that it can be utilized in a variety of manners under




Typically, a pin electronics circuit is designed so that it cgn e@[!\!"l&hdﬁl zed
in a variety of manners under 1 2 JUN 2006 -2 the control of

program The hundreds of pin electronics circuits and other electronic
conponents in the test head can generate considerable heat, and it is often
necessary to include cooling apparatus within the test head. The pin

el ectronics circuits nust be capabl e of g?eherati ng and/ or receiving signals
5 that are conpatible with the DUT's normal operation. Thus, today and over
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Such aovi ewstigadiab &roabrtiohd dfitzeovanllappmaaialines. anount of the avail abl e
volunme. In addition to signals transmtted between the pin electronics and
the DUT pins, 30 sp&béalysisilginakisd shpeodt tigrtest hapnact beebigan sexpens ve to

For - examp gk e PadirreSuf TR ot e b adie f I T e e Wil o
the mechanical test head positioner apparatus must {it within a specified volume, which is typically
less than a cubic yard. Thus, there is a limited volume available to house the pin electronics, the

25 transmission lines, and other necessary equipment and apparatus. In many cases, it is required to
have a hole of several inches in diameter through the test head to allow an operator to view the DUT
as it is positioned in the test site and as it is tested. Such a viewing hole can utilize an appreciable

amount of the avatlable volume.

In addition to signals transmitted between the pin electronics and the DUT pins,

30 special signals whicl} are impractical or expensive to generate or monitor with the standard pin
electronics may be accommodated. For example, special circuits within the test head may provide
for high speed clock signals, low level radio communications signals, and others. In addition, power
supply voltages and gfoundé are also provided. These are typicélly routed to the DUT by way of

appropriate wiring within the test head.




for high speed clock signals, |ow level radio conmunications signals, and
others. In addition, power supply vol tages and grounds are al so prOV|ded
These are typically routed to the DUT by way of appropriateiw rji)Ng2886t hi n
the test head. 12 JUN 2096 -3 Typically, electrical connections are nmade to
the DUT by way of a probe card or a test socket nounted on a "DUT board."
If the DUT is included on a wafer and tested in a wafer prober or is on a
di e that has been separated froma wafer but not yet packaged and tested
with a die handler, wever .. the DUT is
packaged, it is testeg‘n&ﬁ'gty ‘Fa\el%lir?cgﬂf?%g&ggnshaéenﬁﬁem uhsean[hO Y Y%ys?faspé?e:tl?é:f“dr‘?ﬁﬁnt ed
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Smth, U Sy.patgnis 5,821,764 and 6,104,202 both to Slocumet al., and U S
pat ent 5, 982 182 to Chin et al. ) may be attached to the test head 100.
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142. Thus, Pofeengan beareiv4 teerpinehles. and 4prémedorded cofitast 1i50ing W3- riprinpéoadedest i ng

ProcCessS.  contact pin ring 138 holds a number of spring-loaded contact pins 140 in appropriate receptacles. In

Figure 1 test head 100 is shown in a wafer probing application; and, accordingly, spring-loaded
contact pins 140 make contact with probe card 142, which has probeé 144. Probes 144 make

25 electrical contact with die 150, which is the DUT and is included on wafer 152. Wafer 152 is
supported by chuck 160, which is included in the wafer prober apparatus.

Viewing hole 125 passes through the center of the test head 100, the interface
structure, and the probe card 142. Thus, one can view the probes 144 and the die 150 during the

testing process.

30 Internal to test head 100, pin electronic circuits are provided on pin cards 110 that
plug into connectors [12, which are attached to pin electronics motherboard 114. It is seen that most
of the volume of the test head is taken up by pin cards 110, In this example, connecting wiring 116
consisting of individual coaxial cables are used to provide signal transmission paths between the

motherboard 114 and contact board 130. Although connecting wiring 116 does not directly connect




30-Internal to test head 100, pin electronic circuits are provided on pin
cards 110 that plug into connectors 112, which are attacheq Z(auw ?B

el ectronics notherboard 114. It is seen that nost of the vol ufg o

test head is taken up by pin cards 110. In this exanple, connecting mnrlng
116 consisting of individual coaxial cables are used to provide signal
transm ssion paths between the notherboafd 114 and contact board 130.

Al t hough connecting wiring 116 does not directly connect 1 2 JUN 2006 -4 to
the DUT, it Be®UH@Drovidt ellhf%%f?ﬁe%;lélp’rbetut%@& %?ﬁ eﬁe'ﬁﬁorﬁ&srhng L&Y i ARG the
DUT in that if the wrin was renove ectrical connec%lons
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test head 10@;dksp.a vol une of space for pin electronics, which is 5 deposed
around viewi ng hole 125. Arelatively small vol une, mhich al so surrounds
view ng hole 125, is 1auaixl @bl o i‘ethe&PfU@%:é {/(nlgmé’\é)frsgzﬂ:g faljp% elm}oﬁgs RIS des
the el ectrical connections to contact board ul't mat
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arranged d|fferently wever, comon features of nmany t hea
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hole. Al test heads contain pin electronics circuits. In nmany autonmatic
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syst ent? FRS'S E1stads @ vicwag helrand g interipesdiaying aompressibie pries-toeded destad.pisFhe pi n
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Figure 1, qr they %ytlebe arranged radially about  a circular view n Role.
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rather |ar gﬁar@&ﬂpdﬁﬁw CRINGiR AR ih @ r&RYEhakn hundred PRy al.set 59£Hg€d radially
circuits. Still .ot conf If’r%ufatl ns and arrangenents are feasib
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connections._are ﬁal iz
circuits. Still other conf' igurations and arrangements are feasible.

Individual cOaxial cables most often provide the necessary connections between the
interface and the pin electronic circuits, Other alternatives such as twisted pairs and ribbon cables
25 have been used in low performance test systems. However, all such systems require considerable
volume. Other systems have been constructed where direct mechanical connections are realized
between radially arranged pin card connectors and the mterface Such systems are typ:caily limited

in pin count capacity, performance or both.

The overall size of a test head is limited by physical constraints imposed by the
30 range of handler apparatuses with which it will be used. Generally, as the number and complexity of
pin electronic circuits and necessary connections increase, the available volume for these within a
test head remains relatively constant. As the number of pin electronics circuits required in a test

head grows, and the overall volume available stays relatively constant the need for much greater




between radially arranged pin card connectors and the interface. Such
systenms are typically limted in pin count capacity, performaﬁ N(Hm@oth
The overall size of a test head is limted by physical constraints inposed
by the 30 range of handl er apparatuses with which it will be used.
Generally, as the nunber and conplexity of pin electronic circuits and
necessary connections increase, the availgable volunme for these within a
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ol ectroni o in the & okt ReRhR AR iR TRt ik Rl ol 6t we
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t hat, accor r1ous tures o
are noto to bstwad:reclec@omthm tbmmt haldyipd t Heviditorbngsteh sThefcotrtvetion module also mcludes

connection points on a first end of each of the flexible circuits for connecting the flexible circuits to

the electronics in the test head.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following detailed description when read
25 in connection with the accompanying drawings. [t is emphasized that, according to common
practice, the various features of the drawings are not to scale. On the contrary, the dimens_ions of the
various features are a}‘bitrarily expanded or reduced for clarity. It}ciuded in the drawings are the

following figures:
Figure 1 is a partial perspective view of a prior art test head system.

30 Figure 2A is an exploded perspective drawing of a test head in accordance with an

exemplary embodiment of the present invention.




various features are arbitrarily expanded or reduced for clarity. Included
inthe drawings are the following figures: 30 Figure 1 is a ppftiig 2006
perspective view of a prior art test head system Figure 2A is an expl oded
perspective drawing of a test head in accordance with an exenplary

enbodi ment of the present invention. 1 2 JUN 2006 Figure 2B is a
perspective view of the test head in Figube 2A fromthe interface side in
accordance with an exenpl ary enbodi ment of the present invention Figure 3A

is an illustration of..the,arran nt of ro ont S .on._a
device interface board®Fh* A& g?ﬁcgeﬁfph?é t%i@%@ﬁ%fv“% {nigHace pige
present i nuenadcoaiancesvifhiaguren 3By esbadipb@nf e ewsat invegfoni Ng- | oaded cont act

pin block with a hole pattern corresponding to the group of contact pads
in Figure 3A in accortdamedAwstah iBmstretenid meyrra@asbmtimgroozﬁ of hmtm @5@%11 a

t t !
dogr ees apdrroopraie Ay a8 R e SRS B R U B AR P8 ar y
enbodlqynt of the prq§§ﬂ QX?%%P ;?v%pa QPQO gdk&nﬁncr %ﬁ%§%¥lgqepm |ew
c ocC

of a spring-|oaded con pin used gur es
accor dance cairtdpoaiinge xee tipl goyp effbbodiactepds oﬁ Exg\tee p?mesixe rabcommemtmt«hnan toenfrilgyr e

6 is a par%h% &%1%m§ﬂ%§&%&8q§kn%£FM/Of a test head of the type shown in
Figure 2, Tncorporating a single pin electronics nother board in

accordance with an eﬁ?%f[}?és% an%’ﬁ%@gé @g}ersggcftw% HP Er?l%%ﬁ%le% fk\()ecfgér'ﬁgs Wﬁarlt: Iogzyf’}e [

is a partial cross sec ona view o

Figure 2, correetiqroneduicriyatchrderceptifh anlcaotplonicosodimeiterf ﬁb@aasciﬂ invant@ocor dance
with an exenplary enbodinent of the present invention. Figure. 8 is a cross
secti otf vi ew of two fHiaxs Blie acirpsurecetpneloviee ot iangpringlaadesi epntagt pintblogki esd in

mot her boar ¢ Ogmsrhg, AdBMRLE (KRRREGHOL At G;ﬁsrg%ﬁtb&ﬁm& %ffh%%@sﬁu'tﬁwgat{oﬁu't and

mal e pins 20 attached to the notherboar accor dance an exenpl ary

enmbodi nent of the pr g38iMd ¢ 'isrbvﬁam:ﬂ 91'335 J:Etgiﬁﬁlewav b8 afesPRLE REGE! SW)%
i ndi vidual flexible circuit assenmbly including connectors a st11iene rs

i n accor darfe BCHPPTRLRER Bebhiin Slyranis Guithee Avardin ackhrdqeeydhen Pyewwhy gnbodFigur e
10Ais a pk@ﬂmgﬁﬁ&hgﬂwﬁmﬁleXIble circuit assenbly in accordance with an
exenpl ary enbodi nent of the present invention. 25 Figure 108 is a plan view

of a fhexible circuityassed ﬁﬁrtllangxloklsdée&gmgl BENSMaLdCrdil %Whe@}tpe S%éfﬂgﬂgdt’f,
conductors in accordance with an exenplary enbodi nent of pr esent
i nvent i on, 2, incorporating three pin electronics mother boards in accordance with an exemplary embodiment

of the present invention.

Figure 8 is a cross section view of two flexible circuits connecting to a pin
electronics motherboard using a female connector attached to the flexible circuit and male pins

20 attached to the motherboard in accordance with an exemplary embodiment of the present invention.

Figure 9 is"a perspective view of an individual flexible circuit assembly including

connectors and stiffeners in accordance with an exemplary embodiment of the present invention.

Figure 10A is a plan view of a flexibie circuit assembly in accordance with an

exemplary embodiment of the present invention.

25 Figure 10B is a plan view of a flexible circuit assembly including a schematic view

of the signal conductors in accordance with an exemplary embodiment of the present invention,

Figure 10C is a plan view of a flexible circuit assembly including a schematic view
of the ground/return conductors in accordance with an exemplary embodiment of the present

invention.



Figure 10Cis a plan view of a flexible circuit assenbly incigﬂhnﬁ a
schematic view of the ground/return conductors in accordanc iU 2086
exenpl ary enbodi nent of the present invention. 1 2 JUN 2006 -7 Figure 11
is a partial cross section of a flexible circuit taken al ong one of the
signal conductors to show the layers of materials and adhesives in
accordance wth an exenpl ary enbodi nent of-the present invention. Figure 12
is a partial cross section of a flexible circuit assenbly in the regi on of
one 5 of the signal con ctors.and at t an es to the path of the
conductor in accor dahEs™ gﬁfﬁa%ﬁt mﬁﬁﬁ%ﬁ?*Zﬁﬁ%ﬁ W@H?“H?h?ﬁgﬁﬁPﬁ%%%?C$@WI

i nvention. céridgetoe idshoivshalapirosSnas@atsiaof adhieeesod acogipick ngthlaaadesblagnt act  pi n
bl ock havin% dfmmﬁopme %|% U|&1wcoupled to the spring-loaded contact pins
by way of S PHUPEY CCBRRSTT BETPR accordance with an exenplary enbodlnent
of the present inven ecti.ve vi

el ectronics end of a%,f%ggexllzé?egé:r?ach sféﬁuon a c’((:lgl% C]mflt asscfnb(r?ty m%e 't %mn 8% one
coupl i g mbﬂmea@mémmﬁuﬁ&eamiﬁm@h@mgbsmomﬂEWHMMMhmnamummd&nmémwnMMham
exenplarym§ﬂ$ﬁ §f§ﬁ&mﬂnmﬁQF?PE%&%P%V+B¥§”t'0” Figure 15 is a cross section

vi ew of t e clrcui connecting to a p|n el ectroni cs not herboard
usi ng connector fing 1 force
15 connect or attachegkﬁgﬂpﬁ%pﬁg%ﬁgétgg% (kagégl a%§%%§# tﬁﬁﬁgééﬁ%

enbodi ment flefibie hiecups espivd to ihavmmgilomded DETRAL MEd)yDEzS(DRls@?ﬁtre}t\bc@ﬁ?cﬂeE 1hNVENTI ON
I n anot her , axenpl.aniy ﬁ%’?&#ﬂbﬂ‘g@&m%m% %f{ﬂr ﬁﬁa‘é‘%&mb%‘{%ﬁ“ on, an interface for

providi ng FATer connect i on ween a a deV|ce to be tested is
provi dgd. The Interf@fﬁﬁrezlqzé é‘ﬁér &ﬁze%ﬂ) &frt}?e' n§ é’ieé&f m%$ %'f%bf@‘%ﬂ‘c’u@% spach
of the connection nodules including a plural | of exibl'e circuits tor
transmtti penegier fimgere faricpgpliop gfrrthlagerbensmlemfmesmmeotw octqidankewitest head and
the devicg,d $¥%J£§ﬁé%hoﬂig k&%?&@éﬁﬁxalso includes a device interface

e

provi di ng 1 nt rconnectlon Pheen at ast one of the plurality of
connecti on nodul es agg,t.ng ;devi,6&c4iRn RE WL

enbodi nent of the pre%gﬁt ”ﬂventlgﬁgna tég%&fﬁm“$§$§ﬂg%?ﬁ§“%§5g&%@?ded The
test head s@@toams medicthgers uamgpwaqwrtfylwﬁ op fhedlexiblsicacwti and@izew. insFHwntferst head
syst emsal S o,k RG HQ&gd @Nhd ALGELEEE il LEo EJnQé/hﬂh E'rge)éeﬂlh %ﬁﬂén%'ﬁth@{n’é?eﬁ{‘
the test head a evice to be tested test head system a

i ncl udes a“ﬁﬁﬂpallty of flexible circuits for transmtting and receiving

signals between the plurality of electronic circuits and the device to be
t est ed. DETAILED DESCRIPTION OF THE INVENTION

In another exemplary embodiment of the present invention, an interface for
providing interconnection between a test head and a device to be tested 1s provided. The interface
20 includes a plurality of connection modules, each of the connection modules including a plurality of
flexible circuits for transmitt\ing and receiving signals between electronics in the test head and the
device to be tested. The interface also includes a device interface providing interconnection

between at least one of the plurality of connection modules and the device to be tested,

In another exemplary embodiment of the present invention, a test head system is
25 provided. The test head system includes a plurality of electronic circuits. The test head system also
inclides an interface for providing interconnection between the test head and a device to be tested.
The test head system also includes a plurality of flexible circuits for transmitting and receiving

signals between the plurality of electronic circuits and the device to be tested.

In another exemplary embodiment of the present invention, a method of conneciing
30 a test head to a device to be tested is provided. The method includes providing at least one
connection module including a plurality of flexible circuits for transmitting and receiving signals
between electronics in the test head and the device to be tested. The method also includes

connecting the connection module between electronics in the test head and the device to be tested.




I n- anot her exenpl ary enbodi nrent of the present invention, a method of
cornice 30 a test head to a device to be tested is provide gﬁﬁ¥2ﬁ?h0d
i ncl udes providing at | east one connection nodul e including y of
flexible circuits for transmtting and receiving signals between
electronics in the test head and the device to be tested. The nethod al so
i ncl udes connecting the connection nodut &~ bet ween el ectronics in the test
head and the device to be tested. 1 2 JUN 2006 -8 In another exenplary

embodi ment of the pr@sadthet Bﬁéﬂﬂﬁdrﬁ&nb(ﬁhrﬂ&tt Gpmegtesémmvéyttdaga m%thhﬁﬁﬁm% .
systemis provkﬁgd The net ncl udes renovin first tlexible circu

fromthe t&dt ééﬂ“%é%%fﬂ‘(’ Whédﬂ%mﬁ#'éd freruges ﬁen@xmbpe’lrﬁlﬂewietcxmé fraf the ¢est

conflgurath@ﬂs&@ﬁnewﬁhﬁﬂgﬁﬂgﬂahwﬁahﬁnbﬁéMﬁ%ﬂam%b@%&&@@}&éhh% Eﬁ% ba QB
and a device to be tested. The method al so_ includes repl aci

flexible cPFEMMCs eheshhed@BAd Frskfpbetesrd c bt metod Ao wc@@e@mlacmg the firs

confi gyr at neable tcheuit @aRRtsetdraXildr i cfdul’t%bﬁqg aogecﬁ%ic&')ﬂﬂ@lrﬁ 3 h’% r!;@'J:o%d %&%
the electronics, in the test head and device to be teste first

conf i gur at FEWY Fepapasensy Wﬁeﬁéh%‘éf‘éﬁ%c%é frciteptiherdiapha devicednbe frated. The

exenpl ary efbesiipRafiondt dFBRnPFES BRkedoRY 8L Aioranot her met hod of  nodi fyi ng
a test head systemis provided. The nethod includes renoving a first

connection nmodul e 1 Eﬁdﬂi&'tejﬁ&n;ﬁ@ﬁ}tenhﬁagneﬁy%?@rmpmg{ %vga%nf hrﬁcﬁﬁer%&l’ib%%ﬁ on
nmodul e has a _ fi.rst cqﬁalgyratlon n i ncl udes aﬁf urality of flexible

circuits f BRI FgHT Ropedells reatediipdnies eemoping atféﬁﬂoma@naww

devi ceot 0 frbe tlﬁﬁsit @chd sy$iem nm@tchOtle 816 QnhaGby #B8u1E BRIl ARENGnfihiSatloh E\§& includes a
connecti on nD ‘ﬁ@e§égéa se ond connection nodul e having a second

conflguratp% Hlims ﬂﬁ%@??%ﬁgﬁ@&ﬁﬁ@“ﬁﬁ&FﬁﬁFﬁ@sa‘%Wﬂﬁﬁ%i@@adﬁwkﬁW

flexible che@sted. srkfeexﬁetm@nanmuags &b the PRk WERBcHA S RLB GHHANEhd cBndein
test head ang a.device to 15 tested. The first configuration is

different F¥ ﬂ?ﬁ%ﬁ“%édﬁﬁﬁmdﬁﬁﬁgﬁﬁFﬁt#Bn““VW %HHFH@F“éﬂéﬁﬁpﬁﬁ?n%ﬁU@§?WEnﬁ‘of

t he presenileidibly enduitd flor cteiangin® tiaedls m&&dh@élcch@fék B esPhda@9hd Read Sy stem

is provided i ncl udes |d|ng a flexible circuit configured
for tﬁénsnfﬁ?ghﬁlggﬁcP Eﬁpvﬁhﬁdgpg ‘§m6@¥W&@HC@ﬂéﬁﬁwéﬁlcs in a test head

and a device to est% al so_includes adding the flexible

circuit to the test égﬁt§&?Fgﬁknéﬁgfﬁ“§ﬁbPﬁ@FPE&@WﬁPﬁPWmeWﬁ@GWH%ﬁ?“@$§@he

present i nmedilf)hrﬁg‘la tast mhm@ﬁt@ﬁ iRpELMB.I Nihe Acth&S tnchRBE pRYRLBM iRxBIOViLEd,
where the te t f n1|n | udes agﬁ$st head for testlng devi ces. The
e hod 1 met TR TR s i o Te Dot beatie clepBimisram o BLbceqies 6 deretiogt

the connectd tesied. MddttlceBd k136 trdhhass addipl: Wedlekibl catuif boand thdt BeRisyGatht s for
transmtting and receiving signals between electronics in the test head

and the device to bemtaasmeohxeﬁﬂeryrmﬂahadmad T Chel fR€sbtdRRnESS € HRIHOD G f ARerdRling
i nterface f% 1%a r,connection b tween.t test head and t

i nt E@ he
devi ce to HeSt %@fm’ oAt &‘Sﬁeﬁf Pﬁj CHEE Bisivdet 4 it heerdiiae é*‘ssu’i’%dﬁé{“ es.
predet er m 'ﬁmdmethmf mghmest prcmdmg lroutglte W cbhirctphas@lcs2pRdre ¢ahi SMhd b&LS.1RRE
NUMer ous degg ptions, il g;rphio&s,. . -~ _ )
i1dsPhbiS ¢s’a pluralify of flexible 'circuits for transmitting and receiving signals between
electronics in the test head and the device to be tested. The method also includes assembling an
25 interface for providing interconnection between the test head and the device to be tested, including

arranging the connection modules in a predetermined configuration.

Throughout the present application there are numerous descriptions, illustrations,
and discussions of spring loaded contacts or spring-loaded contact pins. An exemplary spring-
loaded contact/spring-loaded contact pin is a Pogo® pin (Pogo® is a registered trade mark assigned

30 to Delaware Capital Corp).

The present invention provides ‘certain advantages over the prior art. First, it
provides the use of flexible circuits (e.g., “flex circuits”) to substantially reduce the volume
necessary to route a high number of connections between the pin electronics circuits and the

interface contacts, while maintaining good transmission line characteristics for the signals




and di scussions of spring |l oaded contacts or spring-loaded contact pins. An
exenpl ary spring- |oaded contact/spring-loaded contact pin qs%ﬁ%ﬁfgﬁm§) pi n
(Pogo(r) is a registered trade mark assigned 30 to Del awar Corp).
The present invention provides certain advantages over the prior art.

First, it provides the use of flexible circuits (e.g., "flex circuits") to
substantially reduce the volunme necessary-to route a high nunber of
connections between the pin el ectronics circuits and the interface

contacts, T n ract CI‘SI tics for the
Shonars 1 S TRl gEE e T O Do DRl TR e b et

Second, it cprrsiEingesnireher ofilfasble rﬂyw!@sandcaomgntstl qsfgtha menfﬂoercomﬁctfals@mbm ® be
circurts a?Qfa@m&@&}%m mBdud; NG tﬂgrgfo];ea ﬁab?e?@ AI8EIR lalnfi r%adﬁ%réag%en%f 3%

prefabricated as a nodul e; "and, eré ore, Fas SI

mai nt enancbeadf Thus @t invendian Saﬂﬂﬁw@mm%efﬂhlnv&emi bradsehies redadingreamifhdrimmgaadde st
head WRi | e L edligi.pg.prnuf acturing and 5 maintenance costs. A first aspect
of the invention provides the use of one or nore flexible circuits to form
el ectrical conductioR patRs..bet MEGN P r SeClLICUitS interf
contacts in a test head %h EXIePé éﬁéﬁﬁ%ﬁﬂﬂggcggn %ﬁnmﬁfﬁ?Qﬂe?“mﬁs f
conduct i onf%@t%tf&hldc‘lﬂlﬁwlélbybafbﬁ @WQ@ pl@mégmlpbn@ubeaw@bmmrﬁc@bcmtzatsu rrnya wht
pin el ectroniyC ok Mt ARG Baf WhERP R U Lnf

contacts. In a preferred enboafneﬁ ggﬂhagyd#aCQh&g Sgﬁ cond-c¥6¥?”%ﬁ
provi ded i fPraprsiony ekisne plelity of pin eRtonotigmEs metm«pcmeeboﬁdmg alugilineod 1ﬂlﬂfﬂik&l‘
of congect ;GRS sSA o w@é@eﬁ%ﬁ%@m%@ BotR Tslfghzﬁ)ﬁhtpgr%un(ﬁ{) &&ékotrs 38 oR 2 plt %Sé %”érfe o %lgon

| ess than that required by the use of “coaxi S,
cabl es or ciffE- Thxelumy regbined @8 sivyncompened mmaqrctaemmummmn;eamm edlemnbteh

an i nsul at ju&it r@&l@d’térﬁ!allf l‘é%?fdnaehat rélq'éw&ﬁ@ e useto\rf]“é&txﬁ;g ot R&%S&g&r é#?rlgﬁ%)

etc.), a flexible circuit is defined by the industry stan as a
patterned %rrth%lw&enent of printed wiring utilizing flexible base rraterl al
with or without flexible coverlayers. See "Flexible Crcuit Technol ogy, "
by Joseph Fjelstad, Bivpeshiorpragonabesidpgprejaskarbuph an 898atisagpterBl (cvariilous

t | c e cui & findhs a
materigl s hawe MRLA pHseHLRS e %?% ff klbr@é(;&r PHRSES %tbﬁ t}%_lm‘ﬁ tr_'?r_l%tgﬁﬂ Dgc. -

circuit, for exanple fluoro OlPS/ aram
fi ber - basedl paperLermeg AHRSEICEL B preréedgwwmwdmmg Mistible) bas¢ onatveibl witlc onpoibites

y R 534 ; i e 111 <
(e.g., Rogg&gble %Ewa’a;ér@mé%lee)n idl@’@ RL# TERR 3@99%5%@{“?2&4{4&531%9%?11 y

thernoplastic filns ?Srri’ olyet hyl ene, polyln
fluoride, Bk 6‘1%%«4? Vgt apteyals h‘ﬁVékiremlvéﬂbﬂiSrtlmhawsﬁlar@r sdbsiagrdd

for mani puf@giioBirdu, fov\@xa@fﬁada ﬂ@&%ﬁb@rhér%mgiwgnﬁh%%Tetﬁbzﬁrmlﬁ FBEL. &Mé& §aﬁ@afs

superlor to conventional conductors, for exanpl e
flexi BPe cAMcHiPhs (conDpRonkdamex) forespicdeomaposiieal (k-5 HiogﬁrSsBEé‘@/ﬂdxmh@r 8asblof

25 megaher px ABse@bavRYitds] ARSI BALD (d O pdiRARY RfyvRETLEARAUSH Niny:
conmponents, In contrast,

fluoride, and polyetherimide). ‘Typically, flexible circuits are designed for manipulation in two and

even three dimensions. Flexible circuits are superior to conventional conductors, for example,

ribbon cable, in that flexible circuits can be used to provide a small, high speed (hundreds of

25 megahertz and above) transmission path for testing of semiconductor components. In corntrast,

ribbon cable is larger, and is used for lower speed applications.

Flexible circuits are similar to printed circuit boards except that tbé material that
they are constructed of is flexible rather than rigid. Generally, the flexible circuits are specifically
designed for specific applications using well-known techniques similar to those used in printed

30 circuit board design. The flexible circuits comprise a sandwich of alternating layers of conductive
and non-conductive materials. The thickness of the flexible circuit is the combination of the
individual thickness of the layers of the material plus any required adhesive or bonding material. In
an exemplary embodiment of the present invention, the outer layers are constructed of insulating

material.  As in printed circuit board technology, individual circuit paths may be formed in




ribbon cable is larger, and is used for |ower speed applicati f FIeX|bIe
circuits are simlar to printed circuit boards except that tH

that they are constructed of is flexible rather than rigid. Gbnerally, t he
flexible circuits are specifically designed for specific applications
usi ng wel | -known techniques simlar to those used in printed 30 circuit
board design. The flexible circuits conﬁHPSe. a sandwi ch of alternating

| ayers of conductive and non-conductive materials. The thickness of the
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construct edf @bn-tdngutias, |1ﬂ@11atlﬂ§hﬂfdrl@i areAﬁlii'z&i Qﬂlen&ﬁg & raﬁ!ﬂ”rﬁld@Q@%@r being non-
technol ogy, individual circuyit may be fornmed in 06 ~ 10
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anot her 3Eplar enbodlngpt of 5 the present invention, connection paths

(or sinply ALEmaiEbor®) seepd songhgive davinaat iberised i [arpr frstislengrognd pleag thhes of

the - two cobghfigtidue@ndeayebsihe i@l s@@EAGsconductive | ayer may be used for
ground connections; one separate ground connection being provided under

each siognal connectloﬁms1d$ﬁehﬂ@ﬂay%h%mmh£ﬁ<§Qﬁ@ﬂﬂm&@ﬂﬂ@§&ﬁN@eFﬁMQ£n&ﬁpre

used to forma sin | ane cont i nuous under a

signal con %W?“l 5%% B ceugfrse g ﬂﬂFg?&e%ﬂ%%m?ﬁ%ﬁwvﬁ?bPWé“%?b%%hgﬂm“d
i nvention t(hﬁetftioﬁssﬂh tiecirstieohdue Bve IRy, 8vhi€afid & cRSmOMky with SRR ORIUET MR or o
Still further i.ment prOV|de bot h S|gnal and ground connections in
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pl anes or &e p8dserg |1:ﬁfcgl‘dﬂugtdurw @N@uctdds 4rBencERIBORhE BRHBGHEN®e 1Y CInd 2ROk anged
iment of the present invention, groun

exanpl e, ano her enp a%y <ﬂb g

conductor s*4 geﬁ1 Getege PRt ?WEPQESWHWGF?Vé@Pﬁﬁgﬁm&ﬁHT@P%f%W¥%ﬁ§@@fiE

so there i Soxﬁhctbr@a&bssal‘ikewmtmblﬂﬂe ﬁ@;ﬂﬂlu(étrﬂftt RAEaGRNtizA0, %ﬁf gro%iuﬂ@ al, signal,
nnent, of nductors across t dth of the

conduct or. ﬂf t@e assi

flexibl e cfPUUHFC 8y iPalfFregp @WaﬂmbO RAf “f‘g?rﬁiﬁﬁfdm’%lilgjhaérch S@i“@r?épduc‘“}r is
ground, et grangfd wethaBNas laamaxamp&@icymem&dlgm&e Rbddchss. F’{fh§§ QR adsthERED 9N,
each S|gnal gonductor L th ? g§§ éo that jt is between and glﬁlgacent to
two gr ound“CERUAREGPE. el g tlgxiblegivai isofroundo Harb t BPedatissbserene. o dt h
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20 Yet still further enbodinments allow signals and ground to be realized in

both conductive |ayehgqmﬂc&h@ﬁ&ktﬁ@ﬂdﬂﬁk@ﬂmﬁ@@&(Km&wﬁkﬁﬁﬁm&hﬁnh?@g%ampﬁuﬂhe
flexible c arated fro thegground pl ane by

non- conductrf”?}e fiér)(?’é d glﬁ 2 FORPPICH ey S of StEP A R drpisgon gne s
provi ded fﬂbvﬁhﬁ&ﬁﬂ@m@hm Tﬂaﬁ&h&&ﬂﬁkeﬁm&hh&:Mﬂﬂﬁﬂﬁ@ﬁ%&@ﬁhﬁ$§ckk%&§&l§%hﬂn
line is degernlnF J%
v the re atwe permittivity (i.e., dielectric constant) and thickness of the non-conductive layer
25 between the signal conductor and the ground plane. It is also determined in part by the width and
thickness of the signal conductor. The distance between the signal conductor and any adiacent
conductors in the first conductive layer will also affect the characteristic impedance. Thus, using
well-known techniques, a desired characteristic impedance in the range of approximately 28 to 75

ohms can be designed into the signal conductor transmission lines.

30 In an exemplary embodiment of the present invention , each flexible circuit has a
length, which is several times greater than its width, and which is sufficient to reach from the pin
electromcs circuits to the interface contacts. As such, although the flexible circuit is not in direct
contact wrth the device to be tested, the flexible circuit provides “mterconnection” between ihe pin

electronics and the device to be tested in that if the flexible circuit was removed, the electrical




by the relative permttivity (i.e., dielectric constant) and thickness of
the non-conductive |ayer 25 between the signal conductor and zhﬁJi\grﬁﬁ:d
plane. It is also determned in part by the width and thickness of e
si gnal conductor. The distance between the signal conductor and any

adj acent conductors in the first conductive layer will also affect the
characteristic inpedance. Thus, ,;sing -wdld-known techniques, a desired
characteristic inpedance in the range of approximtely 28 to 75 ohns can
be desi gne t r

exenpl ary g%dggt?)ﬁebﬁﬁvegé Q’Q%ln &%Egg’gg%%drﬁlﬁ/ee(%%gk?e @ ""‘%“1?@35 tbfgkenm P Bd”c Prys a
| engt h, whirefrged adieseat & one Wﬁ‘e’g reatsche widih of tils mmfllh c:ramdsw\ﬂham:tach Sonductor
suf fi ci ent r e i.nterfac

cont act o, Ae e R S B & i b Syl iRl e B P
with the déwsce ﬁf% ek refersadd as theepif plestianics cod ¢ d’@ldﬂd Pr pmvueag connections between

"1 nt er goNN@etboictoRelhWaent t b sted
in that if trf_e_f‘fteom bl e ?ﬂr%ﬁﬁ"?h%‘é&h’gﬁ%ﬁl‘g@w&ﬂ%ﬂg dlafrE U S0 InBics 354
-11 connecPTOCJHh%éPMWWIl?é‘“ﬁﬁfhthéF@@Wt@lﬁﬁn@hahﬁerfaheccuh@aisce to be tested

woul d be broken. Conductors are arranged adjacent to one another across
the width of the fleXPple et e fexdds ditvait arsaefigred nathot tbe endspénhep@reiscmﬂaean

| engt h of bLhgtkh@xh Meﬁ r&bé&:% bestidi®nd. ?HQE Qreq;langf Iag'fet‘én?éésplk)ﬁltlg% ' ldl’lé ex% nds

between its two ends: a first end, referred to as ectroni cg %&nd
("PE end") embﬁ"dﬂ?"d’lth‘gc"éé‘l'ﬁ‘%&ftltbﬁn@tefféitev@ééﬁnﬁmmen eoduiot ekaydam@mghﬁe» asi which

el ect F@Ni CHast ilrSkbhliBe N&Mle LRGISELANStERd 1cor§t§8ct‘?§]5r99d<§<9w§§ 2 LOR ct'i\)gt ?)gt R4t Sits

end, prOV|d|ng connecti ons between the conductors an he 1 nte
contacts. THEL feidengeraponsing Ryrhiheoughhelgi Theagaadersise geredars then héitmiehed ands

of the congldGteeh&peithg NRedttaGRMIc Cntl Redbldef @&H@&&)h Yse g(ﬁ:sﬁét\p‘?elhlegﬂ% pos-trht%{ €

are many different possibilities. In one exenplary
conduct or s ERuspRale; rip apethe examRiary SFRPHEER. 3 Fpreeniel Lbéqcifvfeaﬁpﬂaﬂ éaithe interface end

t hr ough- hobege f1¥Whbie Bird:. PRSSrhRERBERK tRAIEd £xiHle ofzfeﬁlgfé'réce%tFag Qor{t:ﬂ:tt etlﬁz(taage

contact is provided with a conductive post that fits inst d
cor r esifondfREPPEE EFORPSHGFL Hiespachgef a é‘ﬁﬂ@b’wwf eﬁgﬁsfa@rcentam fAha ICbrmcctor

inserted iBlekishh@héd e RIPANGHRYsRh %?Sjacﬁ b&ﬁﬂ&@r h Qie%xtbmc@ft ﬁ%hﬂ% ted to

connection is nade between each post and hr oug I n anot
exenpl ary &bYdPHe RATeSRONBR AEEPBYeh I‘Eé‘“élldﬂieéfﬂ%t qoa@ﬁe@l piopidedhwith atpestftbas engageh

of the fl exithlLcsitcksortilng rIhBa6RNBEGEHA: BLACKiAGLHMAES Qec@rmp%{nﬁg RiRlg.

receptacle contacts that are 15 spaced so as to correspond w the spaci ng
of a sini | SAONFRFHR MsEediNETeine SeEespOIingaIo8!s toTFremdbmpraecsion bbtw@erkthes:omwamed

to theofl exithhane b6k tciSUE Bnd BAL inRAGH: &Q&gié(:tﬂraﬂoﬂlelt B&of l[a% 'epxlbgmﬁ]'eﬁtc \'Hai
connected to one_or nore Correspondl ng recept acl es. EaC Interface tontact

i s provi detPWFEH ATFBET RAEIEhGAJEE clfttohica ek ices pordinpgerberdpirdol ating

‘provi de botchanRehatiofalprand eh e6trH &alor 6026k c;rLﬁHH Fhe glgfﬁls &9 %ﬂﬁﬁ& growﬁed
i nserted over t he correspondi ng posts to formthe connection

conduct or sP2BCR FEFTORife cirruteiat Buisdrie undividyd marecqntrcisraf dee melsroacteer. The
anot her exejiRkhYing 08RdEBRbataiBE B the flexible circuit are connected to corresponding contacts

25 of the mating female connector. Thus, the connection between the pin electronics and the flexible
circuit conductors is established by coupling the mating female connector of the flexible circuit with
the male connector elements to make firm electrical connections. In yet another exemplary
embodiment, a zero insertion force (“ZIF”) connector is mounted to a pin electronics module or to a
mother board containing pin electronics circuits and/or modules, and a mating connector is provided

30 on the PE end of the flexible circuit. The signals and grounds provided by the pin electronics
circuits are routed to the individual contacts of the ZIF connector. The corresponding conductors
contamed in the flexible circuit are connected to corresponding contacts of the mating connector.
Thus, the connection between the pin electronics and the flexible circuit conductors is established by
inserting the mating connector of the flexible circuit into the ZIF connector and appropriately

35 operating the ZIF connector to make firm electrical connections. In further exemplary embodiments




connector elenents are nounted on a pin electronics nodule or on a
not herboard, and a mating female connector is provided on ﬁFJgE ﬁmﬁ of
the flexible circuit. The signals and grounds provided by
el ectronics circuits are routed to individual male contacts of the nmale
connector. The corresponding conductors contained in the flexible circuit
are connected to corresponding contacts-23-of the mating femal e connector.
Thus, the connection between the pin electronics and the flexible CIrCUIt
conduct or Soth& c%%e@@én' t@@ﬁg{u&yas %&%b‘!&fﬂg] g ﬁ%tz 13919565 EJB?J»}?d c%ﬂ?e%ggr%rat et e md
flexible CIrCUIt W t he mal e connector elenents Irmelec
connect i on&f tenflgghic éﬁ@tl’herm@féé%p thgr yariophisewticptinmt mefebaweme desvsibed ihomsinf (Hg:,e
("ZIF") CORRGLRE pbds, BRIBNEH plaaReqbAcigl @&M@;U b Gbs f‘%ﬁ%ﬁqe%rst Q¢ %‘are@%»bx?m
board containing pin electronics circuits and/ or ul'es, and a
connect or FUMFRIGY VB BN dFatitien PEE wRFomponchie(cfl. dhd ibledacsiend af 4 ﬂeilfbie ca’ctgmal s
and gr eundg ;PENdnRAeOMat BE cBidRc®neRLdhANLES ar?g'ef:ngt'ﬁ' SR Ere [ QM€ 00 § %Lcﬁ he .
i ndi vi dual contacts of the ZIF connector. ﬁé correspondi ng conduc
cont ai ned F¥dEdHEE PPI§ ‘Eﬂs‘élbéii prafiEst ealiondanmetingdvitloa cordueissairtehgeatrstea tas
of the matiRghdieRA8E O clear i She dABLEODPEE Ha Be Qﬁén\g@m tw&c&{dﬂo&h‘éﬁtm lEHLCS
and the flexible circuit conductors is established by 1nsertin
connect or ¥RdghEe plrgd raspriacdg qogldi be ararasd ettbe fisHoessianect or  and approprlately
35 operating the ZIF _connector to nake firmelectrical connections. In
further exenplary enbediisrie sirenits mpye dogsned hegingpivedthdhmventsi deng eschmitgues
as ar qoknoym: Wit d8nd¥iludlBdhdd8oid S8 HeQp RV HF 6 AUMEGTal 9&1%u<§%rs Gk eﬂ%rdl%gﬂ
of the flexible circuit. Al though the various connection mec
descri bed ¥stsdralgng Geir lenghnipuediicsonpda e vargine wedihy dhy faxiblg qm@elé p’fié@l e,
conduct i Vecdnator Bhding NMEHOEST of1HR- dex@iL cSHAMA Be EORREGH 'CQHe%b‘%cr t@fhb

- |l e

gi ven location of a given conmponent ge.g., the interface end exi
circuit), HuEgsiqns Oég’ﬁtcéﬂ'ﬁF'ﬁf sePapefrathat eURShiechs emrerrsering Pansleatioaing et

coul d be reuRESEdhe AitIdIERuitiWid@ ang QEHIUGD é{ﬁcxpé)ﬁtthé ﬁigﬁ%édd% R ae@ighdd Bt
| ocation for mating with a conductive plated receptacle at a “secon

| ocatilén, §orresrong |t<é§'r= spacafte efhfae sBsEGe eonRstspesYhishay cheplesr Faalie dhawidinef the
second | Ocﬁéxhlﬂé]e[rcﬁﬁ% Ehb@ adjﬁgwﬁ%héﬁ% pead ﬁ@hg 1%(1&@%1%'0%{% LOdSpQ&ﬂ@FJS@I@g&h at

the first |ocation, l'exi ble circuits ma eS|gne avi n
that vari e&wardrhy e ghypisd gerien anfganmk el fast d Iwa.emnmmthecf&mdm@:mug veidit

the spaci ngapet waea: imdink whea! | GRS B hgRE Garhie eqfnggl y adj usted al ong
their length to correspond to the varying wdth | exible circuit width

and conductor spaci RGamdthet RLenfFar® NShtRfiintehe of ItP%Xf)rQAeﬁt HvErﬁHht 8 P&nection
designed to c?rres pond to the dimnensions of the connector apparatus that

coupl €8 | tPYT RPrEBITSOpBrENha SHImEnePeet Mitifoes astilyicombinedith larttglitytfe

fl exible cidym Eirdigtih t@ﬂﬂea@@%&@&l@1n§:ﬁ%‘ Ay ;shﬁsdgrﬂzheag fae}ﬁ'l% B du TR
designed to orrespond to the spacing of the interface contacts to ich

15
it couples’ le"F‘PﬁgPlFﬁhm‘f heeat iradrihg premepy o thpmesriage wseamblvagy.Her edpwis belaat
various plag@sniakangt, iok %ctbﬁrlﬁtthe h@erﬁa@@ﬁs@érﬂ%l? OTHREGE friECco'hﬁ&%A God@BSrovides
i nposed byt physi cal ? and | ayout of the test head. For exanple,
the fl exi bifeiols ?“E,Ctﬂt f,or%f:ﬁltopl or all of the pin €lectronics circuits and grounds that connect to the DUT
25 through the interface assembly segment. The interface assembly segment includes the electrical
contacts that provide the connection to the DIB, for example spring-loaded contact pins, together
with the apparatus that holds them and the apparatus which enables them to be connected to the

flexible circuits.

In another exemplary embodiment of the present invention, a block made of

30 insulating material is provided, which has rows of holes bored through it. Spring-loaded contact pin
receptacles are fitted into the holes, and spring-loaded contact pins are inserted into these receptacles
from a first side of the block. The spring-loaded contact pin receptacles are conductive and have
conductive posts, which are preferably square in cross section, attached to them and which extend

through the second side of the block. Two adjacent rows of holes correspond to all of the




may be reduced at points where it has to pass through a narrow opening. In
anot her exenpl ary enbodi nent of the present invention, a PE,c g 20
nodul e i s provided conprising a segnent of an interface assgnz-ﬁﬁt h@fne
with a plurality of flexible circuits. In test heads where the interface
assenbly is designed as a ring that surrounds a view ng hole through the
test head, the segnent of the interface‘dQSenbly may, for exanple, be a
quadrant, sextant, or octant 'of the interface assenbly. Thus, the PE

connecti on cmﬂ&tloﬁs pfro(?Mbdjﬁa'he Moﬂ?ﬁh@lcﬁv&la!}&ybftorﬁcﬂaﬂi%ﬁ:tdlr@ﬂﬁt f[@{ e»%l')l 0ok ?’}E b?cu@' n
electronics circuits and unds. t hat connect to hr ou 'h

interface 4SEefBIYOsQYHeht oletHe thablop. akhe %@%%lrwéeag@remnwﬁtltm@smsmby

el ectrical teca@qﬁeaet spretvtbamy me&vlb&e 1h8 Qep@RNAGH BBkibIe cﬁraﬁtsqrﬁd@ §8WH:L%C
spring-1oaded c % pins, glet her wth the apg%ar at us

and the appafHfig ‘?fc,f’ﬁ"he%‘ﬁi‘é YerRepRorigatsy e paves LB ﬁ‘ﬁtatnh%mbﬂq emubs way be

ci rcui tss. ldﬁg@m}t dhefierak@nphat YAEHbmglpﬂ?ﬁ,tal @fstah@wﬁﬁlﬁstﬁé"'%csﬂ He4g %P@vhmﬂ dlpck
made of 3 sul at.i nghmat erial is Frow , which has rows of hol es bored
T

t hrough it ‘”S FlCH@“‘T YHbBY E6 it oD W“rféeé@fﬁ gEtE o dlewble] qincuiy Aetoulinge cach

hol es, andfsgkieRgclioRELE: et aclosPitNBn@h 8s hs%%ﬁe@% IS tPIESRs LECARIAS E?S
froma first side of the block. The spring-|oaded contact pin receptacle

are conducP¥ *HriC HeHeV T ERIPRERE GRmpon deatyips te Allar & tbegospestsidyio &g U-'aspeetwm

Cross sect pﬂrb!ec&bﬁzaec&iﬁdltst Qht h@fﬁhl@-'ﬂdxs%ﬁs@bct@dqs%?gonﬁelarsgl%% i Jbﬂv&%@?%té e
of the bI ocC acen%erows of holes correspond to all of the JUN

2006 -1913 P ‘E)‘h‘ﬁ tFS(B f’sad[.‘i‘fl (FRRIeT#Plg HustEconduct i ve Iayers of one
flexible circuit. Fo eveé flexible circuit, there are two rows of hol es
in the bl ock. The fl 8ki?BPBICEFOmAE cptodeunhalt Ba P§sephanyspsers pymethod - for

t echni ques asaemkprn@\el RIsdnytedtion eloidbieds pritiged @AGHOSIQThd i o'f %Mvhﬁ rﬁ‘;baﬁk ReMLLS,
path for each signal wl

are desi gneld sot t@wghde el ectri.cal

appr oxi mat EFYIHE CH PRSI aégf“t”h Ori’r?"l“e’%i W@pEFtFéﬁF‘P@YﬁﬁW%e 5 | onger or
shorter than others. I t he p 03 di stance within the test head over
whi ch each flexible ‘H“P@Ui P R 7RG weakol i prespRi i Hea mreliadisif essemb i t

to fl evsi bl et hexdiid proAﬁé‘cDﬁvHﬂc]il@ﬂc%deﬁ&ﬁ Ritepd bexiobiligs P SddhdctibRYnolSled, Qb%gtmg
bl e

across its | Irlggth astls re uired to fl% The, PE ends of each fl exi

circuit ar %acﬁ VCOEG W PR “%pﬁrlﬁﬁf’?%ﬁp%“ B Eleptpmip saE s e diagaddineiy Perfhs be
connect ed tegmetido thes@elhdve pin electronics circuits. The nodul e thus
constructed is preforned so that it conveniently fits into 10 place in the

test head without apmaemthaxbéremdnu&ﬁmhﬁem b tha HEdsBL in XD b dcyhoANIQH,
of the pregent assenbl i ngqa PE connecti on no

0 e
°5 b ovr aoBE M S Sl il P8 o fini R E T oy T 4, B0y Prog AN as
descrizbed mbkud@ tﬁxemt@ddf feinoving Mem’rm\drdmﬂtgteamﬁrc@ﬂfebﬁﬂnﬂn@ﬁl&@ﬂm ﬁépifabiﬁ% HIoEfhem! N
anot her exer Egrcg &l 0gdl Qéha‘%n th l}fg\’r eaﬁ i nventi on,
assembl ing" Test heaa P VBBV WELORRFEH O I“EF&@§H?CH%“S§‘E‘%&%“€6€F“I
providing PE connect 1?1%9 C%d%l‘l()ws ‘an ex;r;lln pers%ectwe view of a contemporary test head 200

including cover unit 205, pin electronics mother board 210, test head housing 208, interface unit

260, and device interface board (DIB) 250. Interface unit 260 includes interface housing 220,

25 compression ring 230, DIB holder 240, handles 232, and associated items. DIB 250 could either be a
DUT board with a test socket for testing packaged devices or a probe card including probes for
testing devices on a wafer or unpackaged die. Test head 200 also includes eight pin electronic
connection modules (“PECM”) 400; however, only one PECM 400 is shown in Figure 2A for
clarity. Test heads may be designed to accommodate either more or fewer than eight PRCM’s. Test

30 head 200 also includes viewing hole 201, which passes through cover 205, motherboard 2,
housing 208, and interface unit 260. DIB 250 may or may not include the viewing hole; usually
viewing holes will pass through a probe card but not a DUT board.

Figure 2B is a perspective view of test head 200 including interface unit 260. For

clarity, compression ring 230, DIB holder 240, handles 232, DIB 250 and associated items are not




each PE connection nodule to its corresponding pin electronics circuits,

and attaching its interface segnent to the test head. In angozhmghnpl ary
enbodi ment of the present invention, a nmethod of changing of

pin electronics circuits and interconnections within a test head is

provi ded which 20 includes the steps of renpoving one or nore selected PE
connection nodul es and replacing it or th¥m with PE connection nodul es
havi ng the new configuration of interconnections that is needed. Figure 2A
shows an expheded: ot

i ncl udi ng cover uﬁ?ﬁpgggmgylﬁ!&ghiﬁﬁfgéé%gg&%? E@?ﬁ og]?%ﬁ);lgnﬁ?i giggpgﬁmﬁémded
housi ng 2080t Pee PRe-igHispringlgnled gaetad @i blecks il @ronader mlafacmc@) a125B0wn
Interface Unidhe?B®0ndesdeUdgInd MoaS I n

230, DI B hol ter 340 Rl o 395 IR 2E G e SBTE S50 afg e

ei ther be aPrimBdTdsearechpnilogk f Bhin iy geapetposigent est i ng packaged devices or a
probe card including probes (6, testing devices on a wafer or unpackaged
die. Test head 200 a|1§8mi%r%%é§eéﬁgw}3 Phisetfsenventonel tyeoambiariudes alstiishibs

(" PECM)  4QBhduboeyelis pa@il(Yot SRRy P REVLARDink §1g-§zhspY§@wér grgﬁﬂl's’ rd 4 i@ '%(% and from

clarity. Test heads nmay be desi %ged to accormpdate either nore or fewer
than ei ght tPEeNF sTherarit gothp axy deotysignedornid felirisared iny ellikneyh ok o gistenihivigh

passes thr gug@d Gxﬂéﬁﬁfbo@rﬁ%chm%ﬁe’fl&oéfcdxt 24y tenmuéhmnt%af}md% WHLELE ACG DI T

260. DI B 250 may or not include the viewng hole; usually viewng
hol es wi | | “b%@%l’staFﬁU&G&ﬁ Paripfieshel tEeaPEB%iﬂ agig conyeTIgTa ltsestice. FpY gjuplciyRoily tep

perspegt i Vercdeh£WE 0éntdc phdsNBB0are QRov e HELRRA; rﬂo%retré%cgn@%‘otjp 2B Qonth@ pads 255
clarity, conpression ri n 230, DI B hol der 240 les 232, DIB 25 é

associ at ed SPFERdiedo fath REGM AOR| ivprstrablying ésdy gronidinga lptabpExighDer OPIN;(:!In vbies

spring- | oagegee otthg@dy &hvbabh@ek 410, which holds spring-loaded contact
pi ns 505. Eight spring-loaded contact pin bl ocks 410, one for each PECM

400, are shown attadgbegovide hétt Gétﬁ:@-@@guﬁ‘@yﬁ|1§7Egclgs%pv1\%vtolf'a§§>[a% Falsing @Jggg\ﬁ)
pins 222 are used to reC| ?ﬁ%yé@ I|ﬂa?n each  spri ng | oaded contact pin
s 5 ;

410 in its® %‘&éw%& 1 PBA sy t“&'em e dotslol 5B orant ppds ipfthe group

convents onghoviny Uﬁwﬁﬂtﬂ pdrﬁlﬁ*]l welas3 @l GC1or domakd pads @&mdy&wy@&@ Ltk haRatfse (pot
shown) for Con e |n %gal s, power, grounds, and t |ike to and from the

DUT. The ciPis OETHE %@@ﬁ@ﬁ@&%%mpra@ﬁwegt @a WY it thegrinlscmms.

consi st ent Twé b&tacppad@taaokp@dea@ulmo Bﬂmedtets%@&@%&g%w TNEche kdvbhrt sPRRLDF0 mils
termnate at contact e%%sr 255 which are arran roups around the

i
peri phery 6f%% FEMHIEC Mg rectgHpRHERY SAune lé’&'f’ts %ég cEppnsefippntpetiveds ongn| y

two 10 groups nff 6D pelidfndsgndBoandr 8osiao Wierhfle Elogéraﬁ 26v akl@%ﬁ@rany%ﬁlmn
gr oup of cgnt act OL} 255 cor r,glin ondi ng to each 400 is preferably

i ncl ud® rjogidpatig Fﬁm@F °§ Yyith ﬁ‘éwcrﬁ}oééié}'i%wé@(%F ielgl, and
enbodi mant ihe-EQacﬂ{ngtdﬂﬁ)aﬂﬂé &itd @twadld rané%'cﬂ%ﬁiaaﬁohﬁec@)r §J0@§<§§ view of an
exanpl e of a single group

Two parallel rows 320 of 18 contact pads, providing 36 contact pads. These are
used to 'provide utility and/c;r fow frequency signals to DIB 250 (not shown). The contact pads are
spaced on 100 mil centers along each row, and the rows are spaced 100 mils apart, center-to-center.

25 The assignment of signals and grounds is not critical and may vary from one contact pad group 255
to another. For convenience, the rows are arranged parallel with the 12 rows 310. Six sets 330 of
two parallel rows of six contact pads each, providing 72 contact pads. These are used to provide
power supply voltages and grounds to the DUT. Also special high level test signals may be provided
through these contact pads. A 100 mil spacing between contact pads is utilized for compatibility

30 with standard connectors. Two sets 340 of four contact pads, providing 8 contact péds. These are
utilized to provide special test signal to the DUT such as clocks and low-level communiéattons
signals which must be conveyed to DIB 250 by means of coaxial cable. A 100 mli spacing between

contact pads is utllized for compahblhty with standard conmnectors.




of contact pads 255 on a DI B 250 (not shown). There are a total of 500
contact pads in the group 15 shown. Twelve parallel rows 310 @fJUN? 2p0mt act
pads each, provide 384 contact pads. These are utilized to provide 192

si gnal - ground connection pairs between the DUT and the pin el ectronics.

The contact pads are spaced on 100 m| centers along each row, and the rows
are spaced 100 mils apart, center-to-cendfer. Thus, a rectangular array
having 12 rows by 32 colums of contact pads on a 100 mil grid is

provi ded. Signals an n n

20 formng a checkergg%;ddm%at g? %&ﬁ#ﬁ%&%?ﬁ%@%}oﬁ] Qﬁﬁglgdf\?\f togggvéﬂ‘g hdgT
practi ce i Hergeoupiisgnd a ‘faﬁﬁy of hewes parrilnyoliagescorgatunds, etll\xwmgnas wilgs, raaahgﬁe:of
st andard c N 8 cont act

ot ovi di ng. e Eon A PERANE bty N R Bhds s A A re o PR PSR RS sy
frequency mﬁfgrbalaga@asdmanwempcrmf ke YiffeTdne ﬂ@orshem 1rpdrdsemmple sapamgm len

100 ml; ce nERGRe 0

center 5t o- Ié'%:ﬁ{sz?/% CZAE& The gtg so%gﬁ rtr%ﬂ%& SE)?-? sﬁ ¢ nalrgd’U%ﬁlﬁQngér:%n&serlnbsomm? escflb cal
and may vahsfeifyaght SREMsHRP aed cogsbogdion ;grozaaSof doptactn @t hae usdaoeachdmm n@ha@,
the rows aér%u@f)f @Hﬂgl@lq 2@?[‘»1%Ivid@4 an‘%c&:ﬂt to{i:ﬁie :!‘(%alr‘@ﬁ? m%éll‘gaﬁe”& ﬁsgr%mrclg v1ew htoY\D

parallel rows of six contact pads eac provi cont ese
are used té&llp @Wf gnfigpetinns awuepliyie.fol eagels, @nﬁorgncoﬁﬁﬁi\és ol ctohmct@r.ﬂilps Abrsing

speci al hi ghhevugh qhesinSicanalsi ey, RE H{té? l:g%thoﬁ%r&yg(@te 8389 g¥ Moty

pads. A 100 m | spaci ng between contac i's ut or conp

30 witlh st @pdarastied aneetfarmany plongges ﬂM@V@troﬁ oay bc@mdacmOWMQtlom wkmchhan:g 8
contact paglssindlese are utilized to provide special test signal to the DUT
such as clocks and | ow1evel conmunications signals which nmust be conveyed

to DIB 250 by means péuffankah ABLE 2nAROsI Lo SRAT D RALNDEA 1 SOML A0k

pads is utilized for cogﬁ%3 g wi t h standard connectors.

-15 Thus off&r Gapshernt alaldep&d iphglen egvdugiedd 7e arte etobp 196 cfnmctwpdst 355182
signal s anglgné(h@ltﬁ a QL0 gs7 Mﬂat%a&%dn%t:ypagfﬁE)%/\A%Ees%gﬂmlrxu o &%%goo {I}Qg cuf
grounds utility signals, clocks, and other special signals. ar

groupsof FBRPAdR tsEabodissntillystpisd.cigit HeuisEhere revidast ende mﬂeamidpaﬁswaMd
may be arrgggads 'c%t@d@?a&%@%ay% Bt RIARd Ct'lltezfr@r gl 1ernlf'§15'y %QQ neE' uﬂtﬂ'cﬁh?zi .

exanple, as nmg necessary to acconmodat € other test s em specl
requi r ementere OF&Wh@t@%@alaﬂ%ﬁpr‘M@?WtﬁféﬁadsHé? -ein, eight PECMs 400 and
correspondi ng groups_of cont acts 255 are used; each PECM 400 and group of
contacts 255 provi deSPrag-lerdesh peniast pindogkat 1Al ilkgtrateg in Hheeplpmeiew wHiigthe 38, is

encircl es ube@whehaP@l © that @¥its BB wiaRNHIO: B 287 i R Bl Get pﬁrptgma< 410
exanpl e, four or six PECMs and contact grou ps form nP sextants an
fi

quadr ZAt s PaSSpELRS vUIAPe 62 and T FirBes Adenotaghorml dieles. fagerampie 44 cess barcd

normal |y teudlspimglioqatdsdnt6ahin Bdk {d RordRBYo Ad V3Rt RYESe c&r}&%péﬂa gr};}i& ", MRy
be used in configurations which are not rings. Returning again t ure

2A, DI B 259"t Radg dreth 5 BYB R brlss Haore tnylﬁiieéiafm §ETENTSt A which attach it 1o DI

250. Also included are two alignment pin holes 443, which receive alignment pins 222 that align the
block with respect to DIB 250.

25 PECM 400 is shown in more detail in the perspective views provided by Figures 4A
and 4B. PECM 400 includes signal flexible circuits 420, auxiliary flexible circuit 425, female
connectors 430, right angle female connectors 440, and spring-loaded contact pin block 410. Also
included are additional wires 455, coaxial cables 465, connector units 450, and coaxial connector
units 460. An assembly, comprising a signal flexible circuit 420, female connector 430 and a right

30 angle femnale connector 440, will be referred to as a signal flexible circuit assembly 900 (See Figure
9). Connectors 430 have pins (not visible), which serve to attach connectors 430 to their respective
flexible circuits 420 and 425. Connectors 440 have right angle pins 445 which attach them to their
respective flexible circuits 420 and 425. The pins extend through holes in flexible circuits 420 and

425 and are soldered in place with solder joints 436 and 446. Generally, each signal flexible circuit




screws (not shown). DI B holder 240 includes cut outs 257. Each group of
contact pads 255 is aligned with a cut out 257 so that eaqhzhmntqgm pad
255 is accessible through its corresponding cut 15 out 257. In

enbodi ment illustrated, eight cut outs 257 are provided; and,

correspondi ngly, eight groups of contact pads 255 may be acconnndated
Cearly, a systemnmay be designed with eiléher nore or fewer cutouts 257
and groups of contact pads 255. Spring-|oaded contact pin block 410,
illustrate I i

s ol osely it prn iy Sepsbt TS oSl id el AARS -Gl i
20 has an elppenics alitd‘ tée @wl“oizl aprdfesed @mqulrsw fea@eﬂmjade ¢irmoit @ﬁom)des t—mne&smné or
exanpl e 444, 3?%1%114?@&1@‘?11@111 é%&l'dg th%o@irdltﬂgatll—:iﬁ? @Qﬂgctgﬁtiﬂtt@85¥ Bk pdu%c?h()%%% coixggt

according to the pattern of the corresponding group o cont act
DI B 250. Fpask 2hplFaghgdotaiydd ajfigeiblgaarauit aspengdy Misromovided lekr-at tach it to DI B
250. Also included are two alignnment pin holes 443, which receive alignnment

pins 222 that align phelian) Gslapiaitr s peasedtto DIRCD & @lurdlsy PECMIED 21 low
shown in nNRESASE Ridalsih dlNSIBPBIOSRAG! DU ¥ £ RE W @890 RY 35 Qﬁlf&eém?f*i ga&d

4B. PECM 400 i nc¢l udes signal flexible circuits 420, auxili | exi b
circuit 4285 f érnﬁqa@pi%aarﬁ&:tpdpgfﬂzls@emaﬂliz@ht@stéwreHSftecmptéat@b e BB 258 g0lowand

spring- | oadedi cRRt@stionRoRrdllsRakis hlle DS Ond DRlHIAAD AL 85 Rdditdiqnalndi: He%er
455, coaxi al cabl es 465, connector units 450, and coaxial connector ‘units

460, An as¥EhBINET SRERHFIERNEY the SHnad Flsockei mpedecionaestiensafp any sipngl of 2 power

connecipor #39 el giRid hedBhhiBRd 3P PleRibleairadi cmara%aaqrcatﬁé%sw dse®® doRh&E LA
to as a signal flexible circuit assenbly 900 (See Figure 9). Connectors

430 have pPEsyTeh asfskping)lowiyremasinisatians sigeal aibpt regwiscethopecial geatment hei r
respective flexible circuits 420 and 425. Connectors 440 have rjght angle
pi ns 445 which attach it SRS RS PMaliGEerFv & 19 B Blcasilyicheigr £3B3 decagird

425. The phiercXi&nds tNpOLEBd Bhasve hefrl 8% BligueChlcttiel 8qd2theaRdalA 2P panNE:
are soldered. in place with solder joints 436 and 446. Generally, each

si gnal | exibBrEtocTercidtica and muyiRe pbged frgn Hus doiips o0 oGiams dﬁ%lé«aec{ © tesHnmbet a

pluralisty gfe §hosralesicandcs&iean! the TaH tdideel A KALRS tdBleWr@ Mol PI0Nin a manner
el ectronics and the DUT. In a preferred enbodi nent, each flexible circuit

420 pr ovi B! & BIELTBHETPTEY 1SS RIS SHhWiEhBPY e GUIEEDd Sy Bnscover, 2

ul timat el ysie@Rngiguid bR, tovacHdve tthig, cbpf@¥itn AR 204 i341261R0LAGE rotaPBRSmARer to
Further details of a flexible CIrCUIt assenbl&éQO%aar%ugrOV|ded | ater. 5
&‘its S

Auxi | i ary iesirowsiag fel it Paplern. OBy e #|arq Rerpsndicylr (pithey

and | ow fEe0u@e06YorsicaRabSowds tjsear@ht%cgéﬂoaﬁ@l/faqé hmgbzm n&@nﬁeyqujba%rbm
rows 320 of 18 contacts pads . 255. For exanp ghals to contro

speci al% zedo¥ it Thim E‘E’P%ﬁ%“)f‘ AREPpDFRTRIEte; ﬂf‘f"t‘%ea“BPEie defineg by It‘E?\/lF“géfp@ceSéPfS 234

conf i gur at jeHas GRNiERkeSHORH BllbRerk R8s DifhdlcIne2 afdidabipaab C%Fl%%:rﬂ'ﬁéngaﬁﬁ) wsed
to conduct power and gﬁmer ground returns to the DUT a so to provide

connect i ongaplran SREFET iR ateocfongreﬁgwéfmg 230 with respect to mterface: housing 220. Disposed
between slots 234, are inclined siots 236 which have an opening 238 to the outer edge of

compression ring 230, which faces DIB holder 240. Cam followers 245 are attached to cam follower
25 mounting blocks 242 which are in turn attached to DIB holder 240. Cam followers 245 are
positioned so that they each can enter a corresponding opening 238 in compression ring 230
simultaneously. When ecach cam follower 245 is seated in its opening 238, each spring-loaded
contact pin body 410 will be just entering its respective cut out 257, providing alignment between
contact areas 255 on DIB 250 and spring-loaded contact pins 505 (shown in Figure 5). Handles 232
30 may now be turned by an operator, and cam followers 245 will follow inclined slots 236, drawing
DIB holder 240 and its attached DIB 250 into contact with spring-loaded contact pins 505. It is
noted that DIB 250 must be carefully aligned with and rigidly attached to DIB holder 240. This may
be accomplished with conventional means such as alignment pins and screws. As fhe DIB 240 is

drawn into contact with the spring-loaded contact pins 505, considerable force is exerted as the




10 level too high to be conducted by flexible circuitry. The coaxial cables
465 are used to conduct any signals such as clocks and Iomql?Yﬁj

comuni cations signals that require such special treatnent £§3Q£Irab|e
in an automatic test systemto be able to easily change DI Bs, because
different devices to be tested each have their own unique interface

requi rements. Also DIBs are subject to-War and tear and nust be repl aced
fromtime to tine on systens dedicated to testing just 15 one type of

devi ce. | I: rfac usi 2
ina manner L Rae ot ORI PR ERh el A RANS Seck Rpl L BAARENAT I 3 £
faci|itat esxeguifeke arilie eaghpodhetheldvvernceasherstrowmesiad. Fhlglfnree i2 AgceTooryd o hhsmwe
this, conp i I 1) nter ce
ous] ng. 220 e e b8l A€ Aafheliihal B! AR sy FRNAUalBondil ol
per pendi cupair25 onthreDIBa3G0s Ap theregtra hingrrds @a@wﬁ%mdsmmmgﬂweépwt@t pas ﬁ@‘blmtao
interf ace H§l' spﬂer% 20 to@am%réer&%{ b 0911918 Ghbit. %PH;&H msdlé)érgboﬁlﬁﬁe r’?bed herein
conpression ring can rotate through an ang & def i ne y he engtﬁ of

sl ots 234 theieness bth@s dharetse A0 spramliaicd onery P86 S0Handltew 2320 approximate

attached 1, GOORLLASLAN shb Pind30 tO enable an operator to rotate
conpression ring 230 wth respect to interface housing 220. Di sposed

between slots 234, aﬁ@remaglnb@%iz: &tss w%?bﬁhé"%]b:%gk Ja%ygal 6?\99%52%1@% dofitaline

outer edge of conpression ring aces
fol | oners pPuBlogk Al sprigetesled @Ofé%h’@lflmcle@i%é@‘s 8 areoness firied infootbk olextt L whisprimear e

in tunp at fog&la%gnﬁgologeg 0&9!1(99{11 %g%a%gérﬂsgx%dl 19\@@0@1%%@1’& 1858 Irp 1(§ulla9rhes§r1§

t hat they each can enter a correspo openi n In conp eSS|on
230 si nul leadrdogshst. ptW%Wéb@%plwﬁw Gmhd\?\@PtaQ‘dBVhC@ i esacﬂeemedi e Tiaks 2o péeairieg

238, each gpnidngs bagdgtne CAMHAE toPliRu RN ﬂ@ 2%, lﬂaclpgnring%adg@&ﬁxﬂcpﬁ% gg§ is

respective cut out 257, providing alighment between tact areas
DI B 250 antsaise sl bachaicermttasycqsi rsovs08vel shtan 404 Thig sprenedyadediaerdice §in232

30 may nowsdes hik REFhIR Yok %ﬁﬁ@%&u‘espﬁ'aglﬁ%%ét ok oueL& s%@\gﬁhéh sfpglg%%ylvdcd

inclined slots 236, drawing DI B O and 1ts attach
cont adf wi aRtSHRin AGS FsodesEalkn prnaesiedions reDS:tive spring-loaded eehtadh ain BICBaglE GOBLIS t

be careful taeh%bﬂm%shewcmaa@ql xrebcg,ka@ieyso@%@g b&ﬁu&ge BLB spe (adsonuas‘h%mam kfpuftny

be accorrpl i shed wth conventional nmeans such as al i gnnent prns an
As the DI B¥4eraxiglly dittaghsd ithtib sedinthat thewbesh SPherapntd figml benge dudiont 48t apl ivs

505, CONS! Gef A flaf B1pfer!sirifX A0S %ﬁsosft 568 & e%ct;l%“lsyzc%%@ectedjtg iSRGy gﬂﬂ'%l i

contact pins 505 are conpressed |caﬁ§é eac cont act
505 wil | @%@dtcoatatftcwrb@cmﬁacteh’%ur@éd gtms@ri @C@ﬁac@m i@é aslughd The onpbissisad.

Thi's f,gr cey ScdpReRSHAT yprfng &em&tm@piﬂ%sr &Rl SdsRHGE m%e%ﬁe}r%oba%t%%nng he

spring-| oaded cont act and itsS corresponding contact pad 255 on-the
DI B 250. A@adeﬁépetaatrrénrﬁﬁwawdslnoen ExEREn asbedimspr thagpdse a8 die smaEcn pss

505 in a Sebiydi £adlarsSY 5iLMbnd RE at fedko EAE 08 ARuPELGONTHER
exanpl e, |%:the eﬁ%odlnent desgrlbgd)hefeln E%erg ?anl be gg&ﬁ§ﬁ§%£§“d 00

spri ng- | oatEVEdRna s dgpcornesmss pedi] asinde Gontagtn forpistia ith swtable dempale exinentor
force of 590,peunds.

25 Connectors 440, 450 and 460 attached to flexible circuits 420 and.425, wires 455,

and coaxial cables 465 (not shown in Figure 5, See Figures 4A and 4B) may be plugged onto posts

508 at appropriate locations. For example, Figure 5 shows three right angle female connectors 440

plugged on to six rows of spring-loaded contact pin posts 508. Each connector 440 spans two rows

of spring-loaded contact pin posts 508. Two of the connectors 440 are attached to signal flexible

30 circuits 420 and are plugged onto four adjacent rows of spring-loaded contact pin posts 508. These

foﬁr rows correspond in location to four adjacent rows in the 12 rows 310 of 32 contact pads 255 for

signal-ground connection pairs. The other connector 440 is attached to auxiliary flexible circuit 425

and plugs onto the two rows 320 of 18 contact pads 255 for utility and/or low frequency signals.




Referring now to Figure 5 which is a cross sectional ViEM/Of spring-| oaded
contact pin block 410, spring-|oaded contact pin receptacl ﬁﬂié@h press
fitted into the holes 441. A spring 10 | oaded spring-1oaded Co in 505
may be inserted in each receptacle 502. In particular, a spring- |oaded
contact pin 505 will be placed in each receptacle where it is desired to
make an el ectrical connection between tHé-test head 100 circuitry and DI B
250. Each spring-1loaded contact pin 505 is inserted so that its contact

poi nt projects bel owg|gues 1s%a@@a¢%ro§9€ectla;hb’lsthe ?5&69925@@5@%@39@@1% %?:over

505 is able to make contact with its correspon cont act
shown) . Eaé¥.&phi H§. rohereer 431G ortrkee hwsmg%@ ang PECM:‘%QOI Mamesbomtdﬂrh@@‘tc:bdcst 0

its respec c t 0
pecti Lz{fﬁngsﬁﬁé Nng ah@@-ﬁ)@fér oy ﬁndm d?mfaﬁ*ﬁ R egeg:n%llj i gx‘cuxn’ggﬁ;{{? slgjgdvéx)

spring-| oade ontact pin receptacle has ctive
i |1 ustrat e8lestHPnis gerﬁlétrymy RoERbEEd yir@ﬁtba@hw%@oarﬂ Hichr tthaey tbhemqm)mi <508

pr oj ectss fﬂﬁ{é}ht‘ép%'idss(%tfsﬁ@@n $04maRtoitBose REIWREADGM! & WHRHUPPEL U {natﬁ 63102

Each post 508 is electrically connected to its respecétive spring-
contact pi motedestatile I562peEes Y i the-Pito glgeldpnics ntineitry plonb& @Bttiallf miawoled ded.

The conbi n%th% 28 4b ahgcp@ﬁtaﬁ}chﬁmmammgm do g%suﬁ@%ﬁx%lec{?ﬂgﬂw?%?%ﬁ/gs

O
post 508, will be referred to as a "spring- ed cont
In an exer‘rﬂpa‘ﬂ‘;ﬂ ehBS dHPRE T de %IReTblé?tl%W%%esért@ tfs»‘qnatcbctiml@rfeasgoubéfe@mm end

are 0.025 pfRehRSpRB B shfle rdaiRingabl&dnit 98P II?QHIaJtﬁer Q&?fig)xraum i€ R0l Be 8?%”' y

used for wre wap and sol der, connections as wel contacts
mat i ngOwi t 19 Wilize 4P ©F FRgTa Mo thepinaEts tagiangcd | Rapdiak ©. orzs5an@6ﬁné@mveg I GimalBBy.and

460 attacheguted of dRXé Rh&v GhlyCotlet Iﬁotﬂgrgozﬁ‘@(ilélzﬁ urbd A %%wé@5 pro@iﬁg.; Q?:Qz)ﬂ'ala!:m
cables 465 (not shown in Flcg%ure 5, See Fi ures 4A’and 4B) may b | 'ugg ed

ont o post sScCBYB! YEW gppicsdrbtte th‘E&EIWS’r{%OthEIﬂeﬂﬁfdé)@é%P@b midgdufe ﬁ@tbﬁmﬁsd Wﬁr ee

right angl gcfudmh®s Wﬁﬁ@b%&c%@}otspﬂwgg%dall@@ th® a%bz?ﬁe 0@\9@1119&11@%1{' @b%t@/
cont act p| n posts 508. Each connect or spans Fwo rows Spri ng-

contact pi KepBRY susg of mhergpar L0 ewéeg &a@edweta@trwl mpéa:cﬂrém dn $hegn@ﬁﬂnf

f 1 exi blse 30veitios UdkbhiAQuianGo ahe4 gﬂ%@h@@&ﬁeét%ﬁrmﬁﬂg acent rows of
spring-| oaded cont act pi n posts 50 These four rows correspond in

| ocation to four adj af&@nte hoWhg Mot Reatihdhet 0WSesd HadPhoR LR AGhe E’@géntﬁ;ﬁa
for signal-ground connection_ pairs. The other connector 440 is atta to

auxi | i ary FEPENGUST &SPt IWZ@“ SRR 2A9shasr Uk of whannglascogegponding & the
cont act paﬁlﬁnt?e55f Edkactipdd gréd{nsaﬂsi/a&li’ PEOVIs o€ aMeRLY hga%adz@ is ;ua%hchuw t€PRE

18 Figure 6 is a partial %ss section of the test head 200 assenbly
conpri si ng®d/8p In 92‘615"‘ By oweniigt Hé rcdprrd2at chinels Pf el $sudlng 220,
and PECM 400. WMot her oar 8 i ncl udes . an upper. side 212 and a | ower side
214, #Ad it contai ns°HiE 8?45 tPRATt RN Aokt Or 5 Figerd HbvaRY | atigphed gp pinterface

el ect roni Cﬁou@mgeum hm(g By osAhEsheR g Bih¥n QiR g Raasd 2?11@1@[ Qhovird inMRY
be nount ed_on L{:ggter )fgg]rodf% {bnot shown or simlar to those shown in

Figure 1), Wﬁﬁﬁcﬁnﬁ“’-& Fr it 42966 HeH 36 Apable pacuil 425 age prysegies e
for the pigriaketbiédinast s mdtinted)n 510cKA10R8khE AstribeMRMAL&Pe®D Figure 5 (which is

an enlarged and more detailed view of the spring-loaded contact pin block 410 and associated
25 hardware in Figure 6). The flexible circuits 420 and 425 extend through channel 237, opening 217,
and slot 207 to the upper side 212 of motherboard 210, where female connectors 430 are plugged
onto corresponding male connections 610, which are in turn connected to pin electronics circuiiry
(not shown). Figure 8 provides an enlarged view of the connections with motherboard 210. Spacer
620 1s provided to elevate one set of male connections 610 somewhat higher than its neighbors to
30 allow the two connectors 430 to be positioned closely adjacent to one another without undo

interference between their corresponding flexible circuits 420.

In the embodiment under consideration, the pin electronics motherboard 210
provides pin electronics circuitry for a total of 512 signal-ground pairs, and there are a total of eight

PECMs 400. The pin electronics circuitry is normally disposed uniformly about viewing hole 201.




not her board 210 and partially nmounted on daughter boards. Usually pin

el ectronics circuitry is nounted on the upper side 212. This all ows access
to the pin electronics for trouble shooting or other purpogep S|
removi ng cover unit 205. In still other configurations it would be pOSSIb|e
10 to utilize two or nore notherboards arranged parallel to one another;
however, for sinplicity, Figures 2 and-8%show only one notherboard 210.
Figure 7, however, provides a partial cross sectional view of a test head
200 havi HQESJM&QM@&QQR Q@@rs%nﬁgpa a@aﬁaou@%smg to'\a{@w&%a@@ﬁ 3&.91 groynd

i ncludes slots 207. The purpose of slots 7 to all ow t he passage of
connect i ngP#fsr |fha spatlweewnd paE 4p slestritatpds weleroly v ey g6 dHEEMs g0G nehich are
spri ng- | oaggghsed n&%})pmu( %@%M@@o ©8%hus, | Actt PECRI §Sc%nﬁguré&3wﬂ\4@9tﬂe%ic
flexible circuits 420 and 5 provide this connecting wiring. Interface
housi ng 226rqus 42¢ aérﬁéw on tf“é@fe Reael thid Lesrh FELDHB 409 ihardleso it signplamannd pairs.
techni gues Aﬁm%naa?oyxeﬂ PECM %} ?Is‘c%dlacauan@e/ ng(QhJP%ﬁ;ans n%{fm? rsu;gi Iy 52 Qaag&e Swer

corresponding to contact pad groups

I nterface a@a@dSngtczgeoh%sbeatl tdéféh*é%li tigug,elbe fwwatentwwypawe of gachyBRECH 4Afnensl

that openi pgasgohdind Gods! an@(%t%st Bs£hanpal 9583 s and wkQ8:1i2QY in 21% descr;bcd
Spring-1oaded contact pin block 410 is aligned with and attached

interface chbrséng Moo fospinglicbnvdigronaprineladed soeet ain ramvgwrrﬁspenmsg @22

and screws gl fNakss %@@m 340 ardHiod Wb . A18PGe ISP deBontalWoin bhbEXIRLR not 1o
circuits 420 as well as flexible circuit 425 ‘aré connecte to

spri ng®l oadfdl) contact pins mounted in block 410 as was described with
respect to Figure 5 (which is an enlarged and nore detailed view of the
spring-1 oaded cont act® 2 Ge Rt IanES spagwicdtledes Seah pdiibens! PR clcleries

6). The fl axiti8ar@i b BHnk béa&ican@lgﬁ@& @&%ﬂf&i t:;lagso&atbn%?aana}@ ema%zmgcm@@!pag
217, and slot 207 to the UP er side 212 not her boar d where fenal e

connectorsemgﬁmaFémHFUB@@ﬂz ngﬁmcﬁpﬁggbéﬁﬁ?Wﬁmﬁ@Pgdéﬁﬁﬁ@%?Wﬁﬁ§“@T@‘mﬁﬁﬁch

are in turpGoneeedehuh® pRisfoh RLI1ONISES TGkK 64 dirthe e;gmqiﬁ@kgom)ma!%degun%m
prOV|des an enl ar vi.ew of the connectlons wi th not herboard 210. Spacer

620 i s! prowe?ééle%igfearfé{}aﬁ%@ oM s gach Gexihlg cacipiidend ey seerel-wevs e shicefier

than its nergRbAbScdotniRad 10DWidnRIErbWA paRE BLGIQL i Ghd BrabEs RS ti oned
cl osely adjacent to one another without undo interference between their

correspondi ng fl exi bRefeqingGiiih $o m%Qre 7, FrotRo@b obiaNE Mld s1defouaRAShARd atifsoN,
the pin electronics nnth6£board 210 rovi des gln el ectroni cs circuitry for

a total of “W1FodegHalesigiatiAl i ST ﬂ?i‘ﬁéiletrﬁé‘f‘%z lite 275t gl srarg pl Rligneppirivs

400. The pid é%hﬁicéﬂeﬂlﬂg§§l7cdnﬂ(3:ﬁiﬂn§i¥ 253 THRITERIbleYciRLisPoDe houn] 4ararby ard RRita
V|emné5 hole 201. 1 JUN 2006 -19 Each flexible circuit 420 is configured,
|

as pr ouéquffddbré’l%%}l 3’@@335?%?5a%JﬁWSéPéh%rzreéﬁeﬁﬁh‘fil mejpgherads: fapidcularibe giiginal

ground pai ngxise irélits hrdchnk ed thiiifsestid the 2R G f REGREd RiBGNEIcd ougMiicCdbiab @il
di sposed uniform y about vg 8% hol e 201. Thus, each PECMis configured

with two fHEsEmterdbeards2ipa adarg ARRRCEhio thegippamest regsherogrd HWhe T hREENF400
handl es 64,8t gN@dxitd Q0 PABTRE led through only the lower two motherboards 210a and b, and are

connected to motherboard 210b. Finally, the outmost pairs of flexible circuits 420a are led only

25 through the lowest motherboard 210a to which they are connected.

It is desirable to make slot 207 as small as possible in order to maximize the resl
estate available on motherboard 210 for circﬁitry The use of flexible circuits 420 substantially
reduces the area necessary for slot 207 m comparlson to prior art techniques, whrch typically use

bundles of coaxial cables twisted pairs, or ribbon cable

30 Flexible circuit technology and design know how have been in existence and well
known for many years, and typical design and manufacturing practices are used in embodiments of
the present invention. Here, we summarize some of the key aspects of the flexible circuits used in a

preferred embodiment. .




5 Additionally, each PECM may include a variety of other signals, power
supply voltages, power grounds, etc. as has been discussed. iTm 208the full
potential capacity of each PECM 400 and correspondi ng groups of contacts
255 on DI B 250 has not been utilized in the described enbodinent. (Note,
for sinplicity in Figure 6, spring-loaded contact pin positions
corresponding to contact pad sets 330 anrd-340 are not shown. Al so the
spring-|oaded contact pin positi ons are not to 10 scale) To increase the

pin el ectronics capagl?k%le %] e teeas{,%] a@;aggm%dg‘g{ﬁe(f)g?ls LBI n eglg@flg qql%gmak
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aligned wt respecti openi
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thus fornegyd Q. BQ%%SE&%E%%%? not herboards. In particular the pairs

flexible circuits the closest to the center of test head 200

are Leg Lhrough the glalis,Rimahl 44 eFs TRLNEE DORY U8 2RO% b Y 00 are
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30 Flexible circuit tec ogy an esl gn kno oW have beeh exi
and wel | rAwdhsderlosrhngidife al analasmaneypiddals mesdegnt amifacmmf%ﬁ,tanm:mowdu
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in Sun Val CA, Flexible"Crcuit nol ogr e
00 mil centers along a row, and the two rows are spaced 100 mils apart center-to-center. Fach

receptacle 942 is of a type that is designed to mate with posts 508, which are attached to SpEIng-
loaded contact receptacles 502. Thus, connector 440 provides simultaneous connection with two
adjacent rows 310 of the 12 rows 310 of 32 contact pads. Similarly, female connector 430 is
25 provided at PE end 930, and it also provides 64 receptacles 932 in two rows of 32 receptacles sach.
Mating male connector elements may be included on PE motherboard 210 to provide connections
with appropriate pin electronics circuits. In the embodiment being described, receptacles 932 are
also located on 100 mil centers along a row and from one row to the other, Connectors 430 and 440
are standard products that are commercially available Connectors 430 and 440 are attached to
30 flexible circuit 420 by way of contact pins (not visible), which extend from each of the feceptacies
932 and 942. The contact pins extend through plated-through holes or vias 1010 and 1020 (no:
visible in Figure 9) and are soldered in place ‘The contact pins of connector 430 are straight so that
pins 445 of connector 420 have right angle bends so the axes of receptacles 940 are parallel with the

35 surface of flexible circui; 420.




M\, and Advanced Flexible Crcuits, Inc. in M nneapol is, MN. A trade
journal, "Flexible Grcui t ry & Electronic Packaging” is dgdp Cﬂfbf%ﬁbo t he
technol ogy. The article, "Conparison of Printed 5 Flexible Grcuitry and
Traditional Cabling," by Jack Lexin, in InterConnection Technol ogy,
Decenber 1992, provides an overview of the technology. Flexible circuits
are typically custom designed for every- ébpl ication by well known

techni ques, which are simlar to printed circuit design techni ques.
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are Standaﬁ%ﬁ ducts that are comrercially avail able nnect ors
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connect or 43Qinanels4 mat.ght, so that the axes of the receptacles 930 are
perpendi cular to the surface of flexible circuit 420. The contact pins 445

f t 420 h
of connect or av gndivight cat@i@s Bemshed & thhsnd%@se %er& ?g@%ﬁl‘i iﬁ%ﬁl@?&l}g\l qre

parallel with the 35 surfi’;\ce of flexible circuit 420

away conductive material according to a predefined pattern. In the present embodiment, and as

25 described in more detail in the following, layer 1102 is used to conduct 32 signals; and layer 1104 is

used to provide 32 individual ground planes, one for each signal.

Figure 10B is a representation of a plan view of layer 1102. Thirty-two conductive
traces 1002 are provided to convey signal between the two ends of flexible circuit 420. In the
embodiment under discussion, the width of each trace is approximately 5.5 mils. Two rows of 32

30 plated through-holes 1010 and 1020 are provided at each end of flexible circuit 420 to receive the
connection pins of connectors 430 and 440 as previously described. These plated-through holes
1010 and 1020 pass through all layers of flexible circuit 420, and they are all plated with conductive
material, such as copper or an appropriate alloy as conventionally practiced. Each end of each

conductive trace 1002 connects to a single through hole 1020 at each end of flexible circuit 420,




-21 Flexible circuit assenbly 900 has an overall |ength of afproxinately
7-1/4 inches. The width of flexible circuit 420 varies aloﬁg i ﬂ@ﬁbth.
The width at both ends in the enbodi nrent being described is approximtely
3-1/4 inches. However, the width is narrowed to approximately |- 5/8 inches
al ong the central portlon 950 of the length. This narrowed w dth
facilitates the placenent 5 of the flexirBFe circuit in channel 237,
opening 217, and slot 207. The flexible circuit 420 is constructed in a
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descri bed. fd’dmmdpdsaﬁaglﬁibtalﬂerqaugh hol es 1010 and 1020 pass through all
layers of flexible circuit 420, and they are all plated with conductive

material, such as coﬂ}hemeﬁblemc&pwml&hérﬁbﬁz RkieR BSprG QMY £R5ANBY Liaracteristic
practi Ced 1gge%gnce 0(1:I the 51gna1 conductors and to have reasonably low cross talk between adjacent signal
25 conductors. The process of designing flexible circuitry to provide a desired characteristic tmpedance

is well known and has been practiced for many years. For example, certain publications of the IPC-

Association Connecting Electronics (formerly the Institute for Interconnecting and Packaging

Electronics), Northbrook, IL, provide guidance._ One such publication is No. D-317A, “Design

Guidelines for Electronic Packaging Utilizing High Speed Techniques.” The article “Embedded

30 Microstrip Impedance Formula’ by D. Brooks, appearing in Printed Circuit Design, a Miller
Freeman publication, February, 2000, provides ccmmentary on the IPC Association Connecting

Electronics’ publications and offers certain modifications to their formulae. Following Brooks, the

characteristic impedance of a conductor that is rectangular in cross section, that is near a ground




conductive trace 1002 connects to a single through hole 1020 at each end of
flexible circuit 420. 1.2 JUN 2006 -22 Connectors 430 and Q4@QRpp2a§Benbled
to flexible circuit 420 by inserting their contact pins into plated

t hrough hol es 1010 and 1020 respectively. Each contact pin is then sol dered
in place. Thusly, continuity is established between respective receptacles
932 and 942 or both connectors 430 and 449: 5 Figure ICCis a
representation of a plan view of |ayer 1104. The interpretation of Figure
1OC is di ff@sRnindfrHer tohahe Qndftaih S embidEl = mhde, i nes
1004 betmeéﬁ the ends of flexible §§§%53?1§g%e?ggpg§g§§&§p§35&§%g%%8ﬂrmw
conduct i ve GfgPRPriRRte R hsdemulanpyved, providing separations bet ween
conductive regions 1005. At each end of flexible circuit 420 the end of
each conductive region 1005 is,connected 8 its cor;d%@@ﬁdihg pl at ed

t hrough hol e 1010 and is insul at'ed O(fro._p1§%g @ugnnppUe 1020.
Continuity of ground is therefore @bﬁﬁ§ ed Qf%é n respective
receptacl es 932 and 942 or both connhectors 430 and 440. Thus, each

conductive region 1005 forms a ground plane conductor parallel with a
respective‘@ﬁ&ﬁal trace 1002 in layer 1102. Figure 12 provides a cross
sectional view of flexib Lcuit 420 i.n the vicinity of one signa
conductor 1002 - groS%H %ﬁgﬁgﬁﬁgdﬁp%éﬁﬁfnPﬁn%ther enbodi ments it is
possible to have a siMglheighriaones ft amer CORBBEARDIaAS 1102 dbadahe FQk whi ch
extends across the entiF@myh@hp of flexible circuit 420. However, it is
found that separating the grounds into individual regions provides greater
mechani cal f1 exi bl ei BiFidisjanpmi 25 @Xihbkefaceil F2uif thedRRiblewdiric G h4d0sabbvaXaE frabdd i N
the installation of a PHagormecti on nodul e 400 and mai ntenance of the test
head 200. Al'so, in certain testing situations, it may prove beneficial to
have a'%eparate ref eV eedihflgPs eldbncasidemie (paratisb wite aeatued peanf i gur ati on nay
also facilitate differeptd I St C t .20 loops .and the.ljke; in such
configurations the sepa?%%g&?E%F%ﬁw%H%F%§g¥@Tﬁﬁﬁ1&oﬂﬁﬁﬂﬁ§“ﬂ@g8hP§’ provi de
a signal return pat h ewhiethivepynixevigi §ifoer @atctfid @pighound, whil e ot her
regions could be used for grounds as m ght be required. The flexible
circuit is furthernold Gedsghetrtya lprgtirend control | ed characteristic

i npedance of the signal ;conduct.ors . have reasonably | ow cross talk
bet ween adj acent signg% %% congu%tgﬁgfﬂ%ﬁgmprocess of designing flexible
circuitgy to provide  gegi,ted ¢ i Sti g 1 dance is well known and
has been practiced for many year S%@g% &Fetk%%igxgtr%gr}staé? TPEaBrTea ?"gjrfigp%’fi % he
| PC- AssocizdtBotrsCsnpecihi guebiaciatiorcosit{(vity sehentddy Iit the cdsnsf iht ditablk @frcuits, the

| nt er connegi.hNQYooRaskAdd = r.oni Noy t hbr ook, . | r,OVi.
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El ect r oni ¢ amhedbggivrn el Herrgfes of theSplbesive Te cheivqaresvetallTiatiar pdreltévity that is
"Enbedded 3Qs Mag uQ8bf 1P al-MREHANGE. TRL : VB AOKS . appearing, |
Printed Gircuit Design, .a NFFIer 'Frég%%%mgﬁﬁﬁg%g'f%%?mﬁﬁﬁ$83%§f”g66%?n’a
provi d¥s ceénpttinn el satctide Acpgding sobiknt bieraQonthe odlitivg permittivity of Kapton® varies

over a range of environmental and other conditions. A reasonable approximation for a medium
which is primarily Kapton® and adhesives is a value of 3.0 to 3.4. It is further seen that the

characteristic impedance can be “designed in” by adjusting the parameters H, H,, W, and T.

A further design consideration is the width of the ground segments 1005 in

25 comparison to the width W of the signal conductors 1002. Experience has shown the inventor that
fo_r the ground conductor to behave as a ground plane and for the above formula to give reasonable
results, the width of the ground segments 1005 shéuld be several times wider than W and at least

four times H, the height of the cbnductor above the ground éégment 1005. A final design

consideration is that the spacing from a conductor to an adjacent conductor should be large to

30 minimize cross talk to acceptable levels,




El ectroni cs' publications and offers certain nodifications to their

formul ae. Foll owi ng Brooks, the characteristic inpedance OZ W?WCtor
that is rectangular in cross section, that is near a ground T 2006
-23 plane, and where both the conduct or and the ground pl ane are enbedded
in adielectric material may be approxi maégd by the formula 60 ( 5.98H Zo
Il I 1.SSH LnL, 8WT) e, ~1-exp( H where: Zo = characteristic inpedance
in ohns, 10 H = height 1120 of the center of conductor plane 1 102 above

the gr ound pl ane 1104Fighit=1Miishapatalldas ebtidher Sukbaceirdil 32 of tﬁfh%referred
fl exible ci rc% #mea qve th ounq(i §P| ane 1104, W= width 1206 of
conduct or ( parar i i e gP a cross sqofpR |oh 88% S‘%?%‘?“E"ﬁéooz its
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the width W . S| I t Q pelene hown th .
i nvent or thallc'.b b2 %“(l;)HrettstS gﬁgrlé’gﬁgﬁl cgr%gatrjcl}njg d%tsga%eﬁﬁ gen ﬁ’agi%?ﬁf’@ %?Saf?ik nyitig,
t he aboVe f creaplehictievelyi ve reasonable results, the width of the ground

segnents 1005 shoul d be several tines wider than Wand at | east
Simulations and measurements performed by the supplier of the flexible circuits for

the preferred embodiment verified that the desired characteristic impedance was achieved within

acceptable tolerances.

Auxiliary flexible circuit 425 may be designed in a similar way. However, the
20 atility signals carried by flexible circuit 425 are often low frequency or essentially “dc” and

typically do not require controlied characteristic impedances and are not sensitive to cross talk.

Other embodiments having different configurations of flexible circuits 420 and
assemblies 900 are possible. First, as mentioned previously, rather than separating the ground
conductors 1005 in conductive layer 1104, a single ground plane could be used for several or all

25 signal cenductors 1002. Also, embodiments have been constructed where additional traces, used for
grounds, have been included in the signal conductor layer 1102, For example, a ground carrying
trace could be placed between every two signal traces 1002, thus placing a ground conductor on
each side of each signal conductor. The ends of the additional ground traces could terminate at
plated through holes 1010, which are connected to the grounds in layer 1104. This configuration

30 could further decrease cross talk between adjacent signals. A further possibilility would be to
include a ground trace between every pair of signal traces 1002 so that each signal trace 1002 has
one ground trace adjacent to it. Yet another possibility would be to include some signal traces in

both layers 1102 and 1104 and to include corresponding ground plane segments in both layers 1102




four times H, the height of the conductor above the ground segnent 1005. A
final design consideration is that the spacing froma conducfofi @08

adj acent conductor should be large to 30 minimze cross talk to acceptable
levels. 1 2 JUN 2006 -24 Figure 12 is a partial cross section of flexible
circuit 420 in the preferred enbodinent that is under discussion show ng a
cross section of one signal conductor 10025-its correspondi ng ground
segnent 1005, and partial cross sections of its two nei ghboring ground

segnents 1003/3;04h 058erS ] ar r ow section 95
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and the cerjigkd hRuSeNI& 103PAM 1@@0&%%%%%%% 1';1?0! t %?;scéors I's a factor of
approximately nine times their width and a etor” ¢ ppr oxi mately seven

times the distance betiygeni4 bt ponduetol Q-I@%n@@gleér}s%o %E%&dﬂex%q? ﬁlrcuqs i%a

the units are SF)aced sufficiently apart to keep cross
accept &bl e THpEPerd & Fﬁﬁle&”tbpé‘ﬁ?ntaﬁﬁv‘ﬁ‘ﬁé’smféﬁﬁéﬁt&sw@md@r4ﬁ@dtahyg fenel stpphdces

of the fl exgbliguetne b'érﬁm@ctftl%r flexithe cinaf 26 ft@%egmi’@ ﬁf’cﬁ(b’s nYo%er fb!) ?{1’ Ztlg' afhera are
desired characteristic inpedance was achi eved wt acce

t ol er ances. SRR FYPYTY ’E%P‘Eﬂsé’f cretting flezblermarpuitseto deigied neduh pagls sharichwd be

way. Howevelternhil@ly &d. Ut bidnplesS Fgal 51 Ga%E 'tlﬁ:%libyndféﬁ)gf ghglt%gt%'ﬁexﬁ% e
often | ow frﬁquency or essentially "dc" and pi cal 0 not re

control | ed '¢h%roact B ‘Stpcearpgserdress” dH haY‘ébﬁWOtfor%dlslfqrmm stigh ﬁmgysislfmahska
QG her  esrbodianeat Spdtandnnig Bl FhRIRMre GOMELONHALLIRN R Tl g8l Cl LJC%L%I tlﬁroéslc,z 0

and assenblles 90Q are_possible. First, as mentioned previously,
than separ dSH§ the-Grad lexe $RAR e igseTipogotcn ot SHcheordcices, (wdrycbrearl Bz@ﬁqoum:cd

si ngl e gr ownGriplcanRe®ehds RE--M$RANEM e SEYR Ak Qhndld ' Y
1002. Al so, mbodi ment s have been congtlruct‘:eée %rergﬁger§lsgn . racggaC%used

for groundd %e’ﬁ \‘7é“r6‘é1b|11410rf5’%@€d’ 5 ¢pdtH8 eipgvide semadenst ogiditayigurd 102s 2 Iém%q

exanpl e, asgd’t@idzﬂdn@aﬁlru‘:{ﬂrd@ﬁg al iAGRceOHImb8BbAE 840 REL %se{jv ?fyon‘l ors !
traces_1002, gn‘ﬂ’s‘“ﬁ a ground conductor on each e each si gna

conductbr. “"F’r‘l‘éte aty ’f’fée‘%FdGi’&el Barctyr bugses i4idces flevibledcitartsilgad.eTiat ZIF

gllg.'zed_r':]hr eughcbel 1315(% A2 QpenhdGlbs@d SosRBRANERE BfketBndebiEr ﬁ:‘ié%k&”ﬂ%o LR A A% rted
1S.CO urati aon
nto %Pl gmnector 1510 when it is in the open position with little or no resistive force. An actuator

(not showny) is then operated and ZIF connector 1510 is driven to its closed position. As it closes,
mating contact within connector 1510 wipe the fingers 1410 to make a good connection. Also, when

25 in the closed position, flexible circuit 1420 is held firmly in place. The connection may be released

by means of the actuator.

The PECM apparatus as described enables novel methods of manufacturing,

maintaining, and in-the-field reconfi gurmg test heads, all of which provide cost and quality

advantages.

30 First, PECMs may be separately manufactured as subassemblies and then instailed
in the test head as it is assembled. Fixtures and automation techniques can be employed to make the

assembly process as economical as possible.

PECM subassemblies may be manufactured in a variety of configurations to meet

different end-user scenarios. For end-users who need a minimum configuration of test pins and who




30 could further decrease cross tal k between adjacent signals. A further
possibilility would be to include a ground trace between ey&ryipaijns of
signal traces 1002 so that each signal trace 1002 has one ground trace
adjacent to it. Yet another possibility would be to include sone signal
traces in both layers 1102 and 1104 and to include correspondi ng ground
pl ane segnents in both layers 1102 1 2 JUR-2006 -25 and 1104. In stil

ot her configurations, it could be feasible to include nore or fewer |ayers

of conduct@mot megar) 3@ GecBiyfi Bk br@GHdnt Chel 18Y BE23, PECME RIS/ tg@@écéssa@quanmy
grounds. Fi ure 1 hows an alternative nmeans of connecting the fleéexible

circuits 42bflpgble Grvignd crReH et WeRCHPR FBEEPtsaeh depydired. dlgvevem, i frses

enbodi ment ywjhkstiaeh SGM8sadis AP PRDELION PRAds h@xk‘%‘a’l‘l M@xibRN@cBitd errdeﬁﬁﬁgh&ae@ﬂ
was used for this purpose. As an alternative | at ed through hol'es 1010

and 1020 afotafePipasemblicsen bt pryidsd Brhisn dersytien 154@2@8!145@ pedgeaiegedionssthy

over pastspaR&aANkxibkOdideiede hlPeaB;I/ @&%nt ﬁrgrﬂ&dlgn@m &eﬁlugg@ﬁ . 3 ARk of TR @Ry SO
t he physical size, |ocation r@% ﬁi | at ed t hrough hol es 1010 and
é &

1020 nay ha\kenatige b%emdﬁ?)PBEMSéraerl% é%“ PP’@‘Eﬁ*é’éﬂ 15&6%88 stafled, but pefttee an

al ternati ve.ApRREaliQ K@MIAGbe filigNiydletddal THME b BcOaded & BRE HRE RARA dnd IfMnd he
enbodi nent prevjously discussed, a connector 430 having fenal e receptacles

932 is usedStH E6MHTBLY the flexible circuit 420 to the pin el ectronics
not her board 210. There ﬁ{@ sevgral ot her known net hods of connectin

flexible circuits to>prorfties2eermelia Bpigsitgad snaptyoimeise m g é}Fnl“a‘FFR?g? or

used. for exasRiLof Rirgedt@nsl detsbBavget fie cREred 230hofesBhi@tzte1dbadot Weve to be
flexible circuit 142$ on whjch " nnect or flggers 1410 have been
i

formed. ForWiagely&fre Rr&er§SMoaﬂd§951g& ¥Ry YperabloRclpding Hi steps of
‘manuf act ur eys@flink| RXhRbBbIEd PEOMsS msﬁerﬁgrpaﬂ cIFBFIHi R Ghoth @b SardsSHCHh@Smbi RS énd
zero insertion force or ZIF connectors

El ectric Co, Ltd. and Mol P

whi ch can BEeEBEHtEdd e Oﬁﬁr rffeé@ R PogBAgLOpRFC P e PingqlesppiF g mother
circuit iggﬁarﬁoﬂﬂeCﬁs@roéEbdi@gl’cgoie Sy ithe ﬁiﬂﬁe!fc(tjl&ﬂsois Iesmlaratealcsheﬂlg e%r@mtaﬂaemlcbéteandw
clrcult t en (0] oVl ae soQne C ri . ur e

is a cPoss}%g’e% 1&%3}6 AFARERPERY O f@r'fghgwa%ivrr&ér @&?P@?ﬁsee%her ‘érlbea?et 940
that has twpighdt gﬁﬁrﬂrﬂl%ﬁ%ﬁﬁni&i@zaﬁ@mﬂﬂuﬁfe&mmltﬂ asy Ralse COGRENE, RS that the
connector fingers 14 conn ors 1510

on fl exi bl |rcurts 1420. The ZIF e
have open &PfCeiiogs &y beg‘rih BB @ e sHGe cpRsE e il ehls FachoP é@ﬂ A R
inserted idited adk ke ool 0E t&&i&c\r\i@emegrﬁy I'Thus, Rest REdORANPRSHE 1208 Wirtduced
little or no resistive force. An actuator (not shown) is then operated and
ZIF connec?ﬁ?¢?§%@SW?“ﬂngen to its closed position. As it closes, mating
contact wi thin conne pe the fin 410 t |ake od .
connect’ on. Al so, ﬁrr%esrf’lr bR poBal rﬁ%f%ﬁzrra or %ﬂ@ﬁ?ﬁ?@e&%}@%hei%gw s
hel d firm Yard Be a&@a&w addmg e m&ﬁtet'mrdHHYhebﬁe\J a{ooa&eslrds byn seangiphvitiao the
actuator. The PE Cﬁggaratgs crrbed e met hods  of

manuf act ur i'Hgace PHiggem é?rge’fl © CHEE; B h@ip Sgtfr]‘?ohﬁmt ORISR Gy |
of whi ch peawi depleedt haddcsinadtingythe PECMs from the existing motherboards, removing the

motherboards, installing new boards, and reconnecting the PECMs., Thus, the pin electronics can be
25 upgraded to meet new technology requirements. As noted above there are several options including:
replacing PECMs, using existing previously non-utilized flexible circuits which were installed at the
time of original manufacture, and adding flexible circuits to the PECM which connect to previously
non-utilized spring-loaded contact pin assemblics which were stalled at the time of original
manufacture. Generally it is not practical to add spring-loaded contact pin assemblies in the field.
30 The use of PECMs avoids the necessity to retwn equipment to the factory and permits field changes

to have factory accuracy and quality, thus providing considerable cost advantages.

Although illustrated and described herein with reference to certain specific

embodiments, the present invention is nevertheless not intended to be limited to the details shown.




advant ages. 30 First, PECMs may be separately manufactured as subassenblies
and then installed in the test head as it is assenbl ed. FixquzqgQ§@§5

aut omati on techni ques can be enployed to nake the assenbly proc g
econon cal as possible. PECM subassenblies may be manufactured in a variety
of configurations to neet different end-yser scenarios. For end-users who
need a m ni num configuration of test pins®and who 1 2 JUN 2006 -26 5 are
not likely to ever reconfigure or expand the test head, PECMs having only

t he necessdakafheguarivustryodifohtidrs ey b @nadk rotk B&aiRNAISPILE BGpk BR0RHECAREEGHeRED
assenblies(ﬁﬁ%cng utih#ﬁgd. Fbgevgr, in casgﬁ _Where | ater expansion is

hi ghl'y pr obabice A BEde SV 4587515 T4 dieispnEoldhs ms¥ienand spring- | oaded
contact pin assenblies can be provided. Wen the systemis expanded by
adding pin electronics, the necessary flexible circuits are already
present and need only to be plugged in. A mddle of the road alternative
is to use PECMs having all spring-loaded contact pin assenblies installed,
but not the flexible circuits that won't be initially needed. These can be
added at a later tinme when and if the systemis expanded. Second, the
assenbly of a test head is greatly sinplified in that the hundreds or 10

t housands of connections between the pin electronics and the test interface
do not have to be individually wired. Rather a sinple and straightforward
met hod of assenbly including the steps of installing pre-assenbled PECMs,
installing pin electronics notherboards or other nodules, and plugging the
PE ends of the flexible circuits into mating connectors on the pin

el ectronics nother board. The use of coaxial cable for the connections is
el i m nated savi ng consi derabl e costs and 15 | abor. Further the arrangenent
of the flexible circuits within the PECMs conbined with the fact that 32
si gnal -ground connections are nmade sinultaneously with easy to use
connectors, assures that the connections will be made with a hi gh degree
of accuracy and quality. Also, each PECM may be tested as a separate
nodul e to assure its integrity. Thus, test head manufacturing | abor is
reduced and quality is inproved. 20 Third, test heads nmay be easily
reconfigured or upgraded in the field. Pin electronics can be added by
addi ng the not herboards. The new not herboards can be sinply wired to the
interface by connecting themto flexible circuits wthin the PECMs. Al so,
pin electronics can be easily replaced by disconnecting the PECMs fromthe
exi sting not herboards, renoving the notherboards, installing new boards,
and reconnecting the PECMs. Thus, the pin electronics can be 25 upgraded to
meet new technol ogy requirenents. As noted above there are several options
i ncl udi ng:




repl aci ng PECMs, using existing previously non-utilized flexible circuits
which were installed at the tinme of original nanufacture,ia%dLﬁfgbmg
flexible circuits to the PECM whi ch connect to previously 'n H— i ed
spring-1 oaded contact pin assenblies which were installed at the tine of
original manufacture. Generally it isggnot practical to add spring-I|oaded
contact pin assenblies in the field. 30 The use of PECMs avoids the
necessity to return equipnment to the factory and permts field changes to
have facWbntyis@komdacy and quality, thus providing considerable cost

advant ages. Al though illustrated and descri bed herein with reference to
certai n speci fitest hadibodéstient devicelrompriggsgnt i nvention i s neverthel ess not
intended to be limted to the details shown. 1 2 JUN 2006 _27_ Rather,

vari ous nodi f acaricons, may be made in the details within the scope and range
of equivalence of the clains and w thout departing fromthe spirit of the
i nvention. 1 2p3EN FG0BaciPBuathitan exeiral padienclosurp; t est head for testing a
device, conprising: an enclosure; a pattern of contacts situated at an
exterior of sapicrushetrddéside said ancidspiguiatd diigaif BoarhisPlueing &g eRoFESSEF €rcudai d
circuit board including driver and receiver circuits; a plurality of
flexible circuits iabiadiey Galedblenotus insslepod cralesneivnttapttngand Eedvve ng
signals [ 3 g deduer and receiver

o i s B e S e 711 e bl o

circui tsyincl goess ded HeBlh | Wnbtin LANAUSGH MYEHREDs imluddplb8RY ohead of
claiml wherein each of said flexible circuits includes at |eaSt one signal
conduct i vendpditvpaihd one ground conductive path. 4. The test head of claim!l
wherein at |east one of said flexible circuits includes a plurality of

| ayers. B. Théhelegthedteddlabn | tharewmeachifspidilgxiblgiccuds incgetat g?ﬁﬁ og¢ sigi d

f1exi bl e.glih G4k bath hRELARRInk BiBkivb Pyl ative layers and two conductive

| ayers arranged such that each of said two conductive layers is surrounded
by a respecti ¥ge tWheQf or3AlE 1 WIEERS ot REULAL b\uGidIRYBReSircBs inbRled £LraheRE Of
claim5 wherein one of said conductive layers is a signal |ayer, and the
ot her of lagetbd conductive layers is a ground layer. 7. The test head of

claim6 wherein said signal |layer and said ground | ayer each include a
plurality of cbnhigsidesdd c]gg{l fyavherein said at least one of said flexible circuits includes three

insulative layers and two conductive layers arranged such that each of said two conductive layers is

surrounded by a respective two of said three insulative layers.

6. The test head of claim 5 wherein one of said conductive layers is a signal layer, and the

other of said conductive layers is a ground layer.

7. The test head of claim 6 wherein said signal layer and said ground layer each include a

plurality of conductive paths. -

8. The test head of claim 6 wherein said signal layer includes a plurality of conductive paths,

and said ground layer includes a single conductive plane.

9. The test head of claim 5 wherein at least one of said conductive Jayers includes signal

conductors and ground conductors.

0. The test head of claim 3 wherein said at least one signal conductive path includes a strip
line.
11 The test head of claim 1 wherein the width of at least one of said plurality of flexible circuits

varies along the length of said at least one flexible circuit.




8. The test head of claim6 wherein said signal |ayer includes a plurality
of conductive paths, and said ground |ayer includes a singlée JuNd2ifi§i ve

pl ane. 9. The test head of claim5 wherein at | east one of said conductive
| ayers includes signal conductors and ground conductors. 10. The test head
of claim3 wherein said at | east one spgnal conductive path includes a
strip line. 11. The test head of claim1l wherein the wdth of at |east one
of said plurality of flexible circuits varies along the Iength of said at

| east on&2.f | eXhdfks heddrog giaim | whoreingreloge@d plrarligypof flpkiglecugtts sddent pigl ai m |
wherein gach,Qf . @%&oﬂt&ttﬁ% olt¥e @tcmtt;@%hl@fteetes%éagtamtaﬁnhﬂeﬁt&@ﬁ@ 1R pRiviing

el ectronics end for connec he electronics in the test ﬁead and
|nterfac@ﬁenMﬂﬁbﬁnwﬁbﬁﬁdﬁﬁQBW ﬁﬁ%@éonnectlon Wwith the device to be tested.
13. The test head of claim 12 wherein said interface end includes a
plurality3.of Eoneudeddns clapgn bt wherensidgterier e indrdonppliaghal eppduessect i ve
conduct gﬁ%@%&@h hB[@@fo? %@tgc\wm/l%sp%%%omu@wcqjoag thd BhAIEAMNSEHiRMIN th the
device t e tested t est ad of claim12 wherein said interface
end incIUﬂegmaﬂﬁOMWémﬂﬁﬂﬁe#ﬂ@@ﬁéﬁeﬁ|ve posts for mating with respective
conductive plated through holes, the conductive plated through hol es

provi di nfi nt Sheter headtaf slainn 2 wherple seidiitesface endheclydest algraliys! cTractivegpsthead
of clai my} 3 ek e ttspe@m cgtd@awpla&wﬂ%gt Nﬁesl?f?t%%éndhéw%913[!:@%6&1,}1"1{81@ spring-
| oaded contact™ pin recepta for receiving a spring-|oaded contact pin,

sai d sprpW@ﬂh@a@@@K@GHPaéﬁm‘bﬂﬁvﬁﬁevdeﬁﬁ i nterconnection with the device
to be tested. 16. The test head of claim 12 wherein each of said plurality
of flexibfe ciThcigithead delairgéd whereingpedrof sudcogitive Pots ibfaerciwtto fRRMEnt er f ace
end, sai ftaaétztceﬁzt 36, r@&'ﬂﬁ}@l@tf@rrreé&l%kt gﬁtg I&b&bﬁ cammtgﬁlatatctsxpnﬁxf load &MRhGet
recept acl es ting wth a respective plurality of conductive posts, the
conductlV@pﬁbsﬁﬁam@ﬁ@vmﬁW%UWWhWeﬁ@@Wﬁ%bqWﬁﬁimAth the device to be tested.
17. The test head of claim 12 wherein each of said plurality of flexible

ci rcui t slf.ncl Gbeigstgead phcksin A2 wherginsacdtodpidplypktval lerble e frabidesend, sai d
interfac ﬁaé}@@@&ﬁt&t@r@to@% thfaleMdingy %at@lnﬂ&‘?ﬂcl@ tahnBdtor mnqm[tg«epmmysff or
mating wth a respective plurality of female receptacles, the female

r ecept acfasgle raeepiale faymptingey donivaeei wmlwilithof deadugbvg Roais b wadycsive pests 18,

The test tt%@qlgqttm%%mot%mggevmeeafches@cfd sai d conductive posts is
connecteg a spring- |oaded contact pin receptacle for receiving a

spring- I@ffldedTﬁetam&td (Hrlc,mm%@Mte:%llﬂrch&q)flsmgegm%mm@ﬁttccptdts RERMED] Ng
i nterconnection wth the device to be . The test head of claim12

wher ei n &uefcofonsesiad bisickiptdhe injerfage el espidpnterfocp ey Hask ingldea phprplity of
conductive posts for mating with a respective plurality of female receptacles, the female receptacles

providing interconnection with the device to be tested.

8. The test head of claim 16 wherein each of said conductive posts is connected to a spring-
loaded contact pin receptacle for receiving a spring-loaded contact pin, said spring-loaded contact

pin providing interconnection with the device to be tested.

19. The test head of claim 12 wherein each of said plurality of flexible circuits includes a pin
electronics connector block at the pin electronics end, said pin electronics connector block defining
a plurality of female receptacles for mating with a respective plurality of conductive posts, the

conductive posts providing interconnection with the electronics in the test head.

20. The test head of ¢claim 12 wherein each of said plurality of flexibie circuits includes a pin
electronics connector block at the pin electronics end, said pin electronics connector block including
a plurality of conductive posts for mating with a respective plurality of female receptacles, the

female receptacles providing interconnection with the electronics in the test head.




el ectroni cs connector block at the pin electronics end, said

el ectronics connector block defining a plurality of fenaleiﬁgdéﬁtﬂﬂﬁes for
mating with a respective plurality of conductive posts, the conductive
posts providing interconnection with thé-electronics in the test head. 20.
The test head of claim 12 wherein each of said plurality of flexible
circuits includes a pin electronics connector block at the pin electronics
end, said pin electronics connector block including a plurality of

conduct iMe poOBliesedt bmdmﬁtl‘aimgl v dneim the@spaetrbnies ol inchidiet yplofalify @frednductive

el actr orEecerhe i O TG TLEFEORS SR AAGo L qLEL ERTPEERM BRI (1S

12 wher e¢omnctche pmvl’m@ igictcooRbios: betvaben the lpludeisy &f cphduciate telys aod eledrmdigefnthe  t abs
conflgured to mate with at | east one zero insertion force connector, said
zero i ns&tF8h force connector providing i nterconnecti on between the

plurali tdz 8]]: @F qd"t'%iaéi %%P?z \91?%611? h%ﬁa ei%ytt&%cs! tpldnrm?uda§ aq%afttegggem ridd'e

test he ectronics end includes at Teast one
zero insﬁnmmdmmmboﬁcemnmﬂmmnamnmnwmfmumuMQewkthmdcmkmmaknﬂvpmwmuunductive

Labs, A G A Sech 8RR Ok ke comt&q,twgegctm&cs REYERY Aine zero

nec ectronics 1n The test

head of g ai m;het ss%eq%'o@cﬁlm gérttpg ﬁqtm s {Adfﬂ tzlr&uggtrtﬁlgtzf a%wgg{ udes

auxi | I'iary rical  Circul tes sys em est head
of clainﬁ&xmﬁémemnS&mﬂdt&thmdbh@n0|rCU|ts include a material selected from
the group consisting of fluoropolyner film aramd fiber-based paper,

aram d f2ber - Hasted heddotf hlaim | oheraiplsaid dexiplesirtiats includs it blarieolestebiigre the
conposi te, and ther f 1 h wher ei n
said fl eg)_(m%q céon(sflst%n rt‘?lemggo n){)rﬁcr fllmndtargtﬁ ﬁglﬁ%aédijsaﬁm a??rgld ch!#q@édrrdrl(?ttl}]t ed wiring
and a f| gxinidllecdrasetantitdrle gloxy Ez&ed mlmlmmddﬁermmih%@tf“ ilng a test head to a
device to be tested conprising the steps of. providing an encl osure;

provi di ngs.at Teastt hemief coimméwbien snid dlakileichieiitd eomisd a enrwd urengenait ¢t

connecthgne QH;EamfW%&Hﬂé@@em%uﬂh“ral'ty of flexible circuits for
transmtting a a5 F&cei vin between electronics in the test head

and the deV|ce to be tested and connecting said connection nodule in said
encl osure betmeen electronics in the test head and the device to be

tested. 367 ngét&%%f Q%nngaﬁé%)(ésp&ﬂgt eC?et\/lcPﬁ)G\% teQSYC%tcgl lhsei’ﬁ@ tHQstaﬂ o?nd osure

conpri sing the steps o ni ng sald enc osure; V|ng atirst flexible
circuit frontggbqﬂﬁqgggigﬁg of said test head systent the first

providing at least one connection module inside said enclosure, said connection module
including,

a plurality of flexible circuits for transmitting and receiving signals between

electronics in the test head and the device to be tested; and

connecting said connection module in said enclosure between electronics in the test head

and the device to be tested.
27. A method of modifying a test head system having an enclosure comprising the steps of:
opening said enclosure;

removing a first flexible circuit from said enclosure of said test head system, the first
flexible circuit having a first configuration for exchanging signals between electronics in a test head

and a device to be tested; and

replacing the first flexible circuit with a second flexible circuit in said enclosure having a

second configuration, the second flexible circuit for exchanging signals between the electronics in




flexible circuit having a first configuration for exchangi hg gijgnzid6
between electronics in a test head and a device to be tested; and
replacing the first flexible circuit wsth a second flexible circuit in said
encl osure having a second configuration, the second flexible circuit for
exchangi ng signals between the electronics in 1 2 JUN 2006 -31 the test
head and a device to be tested, the first configuration being different
fromthe second configuration. 28. A nmethod of nodifying a test head
system héuertaagheacrha@wcde@sg toebegentrdr ths firgcanfieusticgsingdiffesge fitmghesasaddenc! osur e;
removi ng a}f ég& connection nodule from said enclosure of the test head
system the =T connection nodul e haV|ng a first configuration and

i ncl udingg a p t X! Ra P E I Fngf @ et %g%fmm (iRisEpabs bet ween
electron?cs |ﬁq%%%§§¥nﬁ th %"ildggg%é To be ?@%te nﬁgreSI %%ng t he
first connectjon. nm H%ﬁﬂ&hkh a second connectlon nodul e in said enclosure
havi ng a second configuration, the second connection nodul e including a

plurality of Péﬂ!n@la%rstgh@gﬂlogzl d;dglre 5%9&%@%&9@@ h%tsy)ﬁéﬂ st

electronics in the test evice to be tested, the first
confi gur atrinowioheiodge Hifi g it confipmtionendiseloditz ¢ pifality i Aexibls cirgdts o5 et hod

of nodi fx,zcﬁg &?nﬁ ss?g%zifs B&%Q%rfé{&h&ﬁbsczﬁq% ﬁefa&gn&mw&g@o%t&ted plqovi di ng an

encl osur e I exi circul't configured for transmtting and

receiving f%kr%;: Hﬁtﬂﬁ‘g%&m% gltlﬁoQime%th a@e&mg ESitncdRthoand k@S‘IQﬁéﬁblgﬁléé o be

t est ed, and a Ingt | exi e circuit to the test head system :
met hod ohadresessiindegnitgutagist, tiIrR-zsawﬂéV@Q@%Olltnﬁéukeéﬁmﬁ@é‘dﬂ@?@f eflexHEs udi ng a

test h eagu(fugg for E)F(ﬁgu &,{}% \ﬂs %Q@J’eet{ th@ elg@t'itohfag inG Q4TRL: 'hg'ldr}lgld L |a§v1§ett§ Be tthEd the

provi ding an enc roviding a plurality of connection nodules in said
enclosurémtem@ﬁw@&ﬁ§wﬂﬁddﬁmﬂéépméhﬂEWﬁd&W@&Umﬁ@lud|ng a plurality of
flexible circuits for transmtting and receiving signals between

el ectrongs i A métkodadsrodifgiaga aichepheysgavomerities Besiesof'ed; and assenmbling an
interface for providing interconnection between the test head and the

devi ce to beprosilingdn eaepsredraming aflesbls sipiit wpfigurd fadramgnidineang rase visai d

connect i ofy,, e%ﬁele@mﬁﬁes%@agﬂh@&%@adb\nc@mr%?e@@a%an ned configuration. 31.
The test %ead of claim1 wherein connectors are connected to said flexible

circuits, reqﬂgggﬁyg&gmeaﬁhqugg@ggp&ﬁg§ﬁwm¢h sai d respective flexible
circuits each form npodul es. . The test head of claim1, wherein said

f1exiblesgircul handf & agg%fnmr@' zn@sd héidqygtaﬁl Ahted: ReBal Hom SRELOS WG WA kR
connecting of said test head w sai d devi ce.
testing devices, the method compusmg the steps of:

providing an enclosure;

providing a plurality of connection modules in said enclosure, each of said connection
modules including a plurality of flexible circuits for transmitting and receiving signals between
™~

electronics in the test head and the device to be tested; and

assembling an interface for providing interconnection between the test head and the device
to be tested, said step of assembling including arranging said connection modules in said enclosure

in a predetermined configuration.

31, The test head of claim 1, wherein connectors are connected to said flexible circuits,

respectively, said connectors with said respective flexible circuits each form modules

32. The test head of claim 1, wherein said flexible circuits are maintained stationary in said

enclosure while connecting of said test head with said device.

33, The test head of claim 1, wherein said flexible circuits extend from a connection point on
said circuit board inside said enclosure to said pattern of contacts to provide a controlled impedance

path between both ends of said flexible circuit.




33. The test head of claim11l, wherein said flexible circuitéuk&&émﬁ froma
connection point on said circuit boajd inside said enclosure to said
pattern of contacts to provide a controlled i npedance path between both
ends of said flexible circuit. 1 2 JUN 2006 -32 34. A nethod according to
claim 26, wherein said enclosure nmaintains said flexible circuits
stationary during connection of said test head with said device to be
tested. 35. A nethod according to claim27, further conprising the step of
connect i g t hé ntedotl appogding oyktie Af. trdicepingaid cpelogue Baintains sad TNbIE eirgvilF nt ai ni ng
sal d 11 eXlBhsy Alditl éecgmﬁsgaa@gsyhe% bk Gisaldte PhCkgaur e. S6. A met hod

accordi ng her conprising the step of connecting the test
head sygfem A%e%og%&oﬁﬁ nd 8 Rn b8S \ﬂ% mﬂrﬁm e@%e@'o@b&ﬂeéﬁg thefidsexdabl €
circuits stationary wthin sai d osure. hod according to claim
29, fur t#etemdonpeiicsitmye tebfed wﬁléfpn@mmom@étﬂmgletch@mﬁ étgltlomé/aﬂthl%wt emto a
devi ce th%@s fested while maintaining said flexible circuits stationary

Wit hin sal encl osure. 38. A nethod according to claim30, further

conpri S:&;@ thg shign. 39501&95963%%% ng fﬁ.fa%r E&ﬁrlslﬁg%ste@é%&&m&mgalqusva&@ to be

tested | e mal ntai nl ng sai [exible circurts ationary within said
encl osur gstem to a device to be tested while maintaining said flexible circuits stationary w;thm said
enclosure.
37. A method according to claim 29, further comprising the step of connecting the test head

system to a device to be tested while maintaining said flexible circuits stationary within said

enclosure.

38. A method according to claim 30, further comprising the step of connecting the test head
system to a device to be tested while maintaining said flexible circuits stationary within said

enclosure.




