WO 2008/ 116098 PCT/ US2008/ 057709 RI GHT ANGLE CONNECTI ON SYSTEM FOR ATE
II\FI'ERFACEWE?Q&QIR%EQd [ 0001] Cenerally, interconnect te???ﬁjs%bis ﬁd&ed in
or

i nterfaces systens are limted by one or nore O en5|t§,
performance, and flexibility. Testing of large devices in parallel

requi res cost effective, high density, high performance right angle

i nterconnect. [0002] Any interface generally includes the el ectronechanical
assenbly between the device or devices under test (i.e., DOT(S)) and the
test system electronics (or automated test equipnent, i.e., ATE). The
interface generally includes device specific and non-device specific
portions. The device specific portion exists adjacent to, and connects
with, the DUT(s). The non-device specific portion connects with test

system el ectroni cs, RIEHTANGEY CORREOHONSBYSTEM FOR ATEMKTERELCE rcuit boards.
Various ways are enployed to connect different parts in an interface.

Ri ght angl e connection can be one of the nost challenging interconnects.

[ 0003] For exanple, FIGURE 9 illustrates a prior art connection system 900.
FIGURE 10 il lustrates another priorBaskgr@aownecti on system 1000. FI GURE 11
illustrates conponents of yet another prior art connection 1100. [0004] In
menory ATE, particularly relating to solutions from Advantest, the
"interface" may al so be known as a H Fi xTm brand_devi ce specific interface,
which may prdbQdl peprsradlytipercppiegsteopigsiepesed it feHeeesiond I ¥ ™fhe H  Fi x

brand 1 WO 200&1§e/ uln]ﬁt6eg%§ olr?ec-cl;l[ rygégpgéngi y?ggr?ormance, and flexibility. Testing of large

devices in parallel requires cost effective, high density, high performance right
angle interconnect.

[0002] Any interface generally includes the electromechanical assembly
between the device or devices under test (i.e., DUT(S)) and the test system
electronics (or automated test equipment, i.e., ATE). The interface generally
includes device specific and non-device specific portions. The device specific
portion exists adjacent to, and connects with, the DUT(s). The non-device specific
portion connects with test system electronics, Which may inciude one or more
printed circuit boards. Various ways are employed to connect different parts in an
interface. Right angle connection can be one of the most challenging interconnects.
[0003] Forexample, FIGUR.E 9 illustrates a prior art connection system 900.
FIGURE 10 illustrates another prior art connection system 1000, FIGURE 11
illustrates components of yet another prior art connection 1100,

[0004] In memory ATE, particularly relating to solutions from Advantest, the
“Interface” may also be known as a HiFix™ brand device specific interface, which

may proceed before the words “high performance fixture.” The HiFix brand



interface has historically included a set of PCBs form ng the connection

pl ane bet%%?syl%mgﬁ Fi x interconnect and the ATE, a col Egﬁ}dsg%gﬁggps,a

transm ssion 1 ne assenblies which connect to the "soc car

socket card assenbly (also referred to as an SCA). If devel oped and
delivered as a conplete assenbly, this entire extended H Fi XTM assenbly is
considered to be device specific and the attachnment nethod between the
SCAs and the transmission lines is generally achieved through the direct
sol dering of pre-term nated coaxial cables to the tester-side of the SCA
This makes the entire H Fi xTM assenbly expensive and mnimally re-usable.

But, historicalilice his lﬂét&‘ﬁ%ll)ﬁinaade@%r@f ¥ FRELSorm PR EBnREctbR plad&DEC (or

1
sim lar) packagli ng standards and rarely changing, this does not

necessarily proesReh thd Hag Intebdbnhéd BEEht ATENEcoNBoR ¥f tAahEmRBign ser , Who nust
bear the expense of each device charge-over and all device specific test

har dware. Al tzesenddiesretiyh canhect SCGAEB"sonket bred”Hif a Bocké\dalpt assedmbily\als®e specific
interface may be attached by a pin-socket or coaxial connection system
See, for exanptfereddo8s an PEARNT divslopd] P ZiehBE®d as agegleruasgembly. 19901, to
Toshi aki Awaj i, and assigned to Advantest Corporation of Tokyo, Japan, and
U. S. Patent N&Nirsertgndefdfrixi"assriply iagprsfdereq to E% 1G85 eeff&'s‘"mdé'ksly Awaj i, et

e 25 e BRI S5 RLBEE PR, ool SSK B F R 1y PSS
connecti ons p%%hié\/%'dtthré hftﬁg&re%{go@eﬂn%g%péger iRatSF Ak &%Ye'acffﬁ]eare now

packaged in an increasing diversity package types an ormats over
time, which i Sedi@lsGfloYthdiSChe ThdKBSHBRRfe Hitix™ BidRhdlWibemive@idi N t he

nobil e el ectronic and handset market, there have been nmany devel opnents to

reduce the expamsaiyot-ubhble. SP@ diidtorizalyehita it dnae@ory AlVTardosB fmiag t
JEDEC (or similar) packaging standards and rarely changing, this does not
necessarily present a cost challenge to the Memory ATE end user, who must bear
the expense of each device change-over and all device specific test hardware,
Alternatively, the SCAs in the Hi-Fix ™™ brand device specific interface may be
attached by a pin-socket or coaxial connection system. See, for example, U.S.
Patent No. 6,257,933, issued July 10, 2001, to Toshiaki Awaji, and assigned to
A:dvantest Corporation of Tokyo, Japan, and U.S. Patent No. 5,742,168, issued
April 21, 1998, to Toshiaki Awaiji, et al., and assigned to Advantest Corporation of
Tokyo, Japan. However, these types of prior art systems are significantly limited in
density (i.e., connections per unit surface area).
[0005] As memory devices are now packagea in an increasing diversity of
package types and formats over time, which is largely driven by the need for

miniaturization in the mobile electronic and handset market, there have been many

developments to reduce the expense of DUT specific test hardware. Advantest and



2 WD 2008/ 116098 PCT/ US2008/ 057709 TSE, for exanple, have devel oped

H Fi xTm (\962'(')6!371-%@;3-'_/\/\ in the case of TSE) interfaces t?é&"/l}%&(ﬁ)sg%§i c and
feature a non-pernmanent connection plane |ike VHDM connectors between the
SCA (or collection of SCAs) and the renainder of the interface. Thus, the
SCA becones the only device specific |ayer requiring regular changeover
bet ween DUTs. 3 WD 2008/ 116098 PCT/ US2008/ 057709 Sunmary of the Invention
[ 0006] In an enbodi ment, there is provided apparatus for routing signals
between at | east one printed circuit board (PCB) within a test head and a
socket card assenbly for electrically connecting the at | east one PCB with
a plurality ofrsgl@tiegftpiselMdes ddveBped PR ™B@EPAITAS USINGR Gk 8f TEE)at | east one
flexible circuit electrically connecting first and second sides of the PCB
and t he socketintefizads #tms aelgeyerisiahtl featunea acrepdr@anenacmhnédiion aland di@st one
flexible circuit having a defined shape configured to interface with the
socket card aséépiilconneriorsgetyreen tecifed @neplieelion of ¥&4s) ard theesermdBler af ong ot her
pl anes substanti al Iny per pendi cul ar to the one plane,. [0007] .| n anot her
embodi nent, t HBf BiGTEcs: e deISah becames jha iy deyire resti %@erdeq%”lgr ality of

devi ces, the ATE s %tem cog‘gri Siﬁ a test head having at | east one printed
circuit board EBHECNAEEONY GrWEST gT?'est signals; at least one flexible
circuit for electrically connecting first and second sides of the PCB and
a socket card assenbly with one another, the at |east one flexible circuit
havi ng a defined shape



configured to interface with the socket card assenbly along one plane and

t he si deswo%ézt/ﬂ?mﬁ)CB al ong ot her planes substantially 9%&%%%5‘47% to the

one pl ane; interface configured for electrically connecting the
socket card assenbly with the devices under test carried by a handler.
[0008] In yet another enbodinment, there is provided a nethod of routing
signals between at |east one printed circuit board (PCB) within a test
head and a socket card assenbly for electrically connecting the at | east
one PCB with a plurality of devices under test, the nethod conprising

el ectrically connecting first and second 4 WD 2008/116098 PCT/ US211118

/115 7 7 0 9 sides of the PCB ﬁ@ﬁjm& o f§RRGKedntioRr d assenbly with one
another with at |east one flex r?erUIt h§V|ng a defined shape

configured to interface with the socket card assenbly al ong one plane and
the sides of the PCB al ong ot her planes substantially perpendicular to the
one plane. [ @508l Ohheempodmeitniere s @6 8deal appardius tr eseay sigraldD 2008/ 116098
PCT/ US2008/ 057709 Brief Description of the Drawi ngs [0010] Illustrative
enbodi ment s obetween birieasheneomrinted eireditbestdr@ER)vithin & thet headiand@sackétn — whi ch:
[0011] FIGURE 1 illustrates an exenpl ary enbodi nent of a pair of right

angl e conneccRERs$anedly @T@e%r'qa&ﬁome“'[‘@%;"f? lepst QUIRECB wjth Plﬁg{'ﬁ‘“a‘t%s an

expl oded vi ew of one of the ri % . o .
devices under test, the app ratus prising at least one flexible circuit electrically

connecting first and second sides of the PCB and the socket card assembly with
one another, and the at least one flexible circuit having a defined shape configured
to interface with the socket card assembly along one plane and the sides of the PCB
along other planes substantially perpendicular to the one plane.

[0007] Inanother embodiment, there is provided an ATE system for testing a
plurality of devices, the ATE system comprising a test head having at least one
printed circuit board (PCB) for processing test signals; at least one flexible circuit for
electrically connecting first and second sides of the PCB and a socket card
assembly with one another, the at least one flexible circuit having a defined shape
configured to interface with the socket card assembly along one plane and the sides
of the PCB along other planes substantially perpendicular to the one plane; and an
interface configured for electrically connecting the socket card assembly with the
devices under test carried by a handler.

[0008] Inyet anocther embodiment, there is provided a method of routing signals
between at least one printed circuit board (PCB) within a test head and a socket
card assembly for electrically connecting the at least one PCB with a plurality of

devices under test, the method comprising electrically connecting first and second



connection flexible circuits shown in FIGURE 1; [0013] FIGURE 3 illustrates

an exenpl Lment of a right-angle connection sy 1 air

W th cireﬁp¥0§%§§ g of test system el ectronics; [0014]§E?g5g@§ngognd 4B
illustrate exenplary enbodi nents of right angle connection systens
attached to printed circuit boards of test system [0015] FIGURE 5
illustrates an exenplary test cell for testing nmenory chips in final
package with a test-head, manipulator, interface and handl er; [0016] FI GURE
6 illustrates a programmabl e interface matrix assenbled with a novel array
of printed circuit boards of test systemelectronics and a plurality of

novel right a@%e@of’fﬂ@%@}ainmhefslo%it ?Jr@agehﬁ%ghﬂ}itﬁ;on& bkl with SRSt Znéls a

schematic illustration of an exenplary e Iment of a right angle

i nterconnect; gsQBid@lrcdrinedna 8inkd Eﬂb?brc@ﬁf@&rea iPihieFEceddith tNE§ctk@ika@l @
connection system between a pair of printed circuit boards of test system
el ectroni cs angsamigpaked oneaplate aas he sldky of the PCB 2008 bthérGldes PCT/ US2008/ 057709
[0019] FIGURE SB illustrates an exenplary enbodi nent of a right angle
connect i on systubstentigbt nesendigulgrdd theghe pleineit ed circuit boards of test system
el ectronics and a socket card assenbly; and [0020] FI GURES 9-11 illustrate
prior art rigHP00®hgl ethepsEimne FRalsedifFieeri ng test el ectronics of
printed circuit boards to socket card assenblies. 7



WO 2008/ 116098 PCT/US211118 /115 7 7 0 9 Detail ed Description [00211
Referrin S 1-3, 4A and 5, and in an exenplary i t here
oybay A e

may be provi aratus 100 (also referred to as asse rein) for
routing signals between at | east one printed circuit board 105 (Fl GURES 3
and 4A) and a socket card assenbly 500. Printed circuit board 105 (al so
referred to as PCB 105 and "denux" board 105 herein) nmay be disposed
within a test head 505. Socket card assenbly 500 nay be configured for
electrically connecting the at least one PCB 105 with a plurality of

devi ces under test 510. Apparatus 100 may include at |east one flexible
circuit 110 electrically congeatd.0gd nd sides of PCB 115, 120
and socket card assenbly 500 mn?%ggqébgﬁﬁ% er? The at | east one flexible
circuit 110 may have a defined shape configured to interface with socket
card assenbly 500 al ong one plane 125 and the sides of the PCB 115, 120

al ong other poe@s IhiBativé 3mbsdshHtapithahlentifredo fusiaeudlimine bewidge, iwne pl ane
125. [0022] In one enbodinment, the at |least one flexible circuit 110 may

i nclude a singhieh:flexible circuit 110A configured for electrically
connecting socket card assenbly 500 with both of the first and second
sides of PCB 115, 120. Additionally, a pair of interposer assenblies 140,
145 may optionally be provided for renmovable connection of single flexible
circuit 110A tf@oi%e FISHBE 1dhgtraiecaheresir@pserarodipient of fpair o beht apd& pect i vel y.
An i nterposer assenblﬁ%&EO_naé_also be provided for renovable connection
of single flexf¥Netien fRRTOTYFA and socket card assenbly 500 to one

anot her. [0023]),11 an;6RPOG IFLLs abbpRlu€a {ibf 5 Her fkGH dnglk10A maY have an

i nner surface
connection flexible circuits shown in FIGURE 1;

[0013] FIGURE 3 illustrates an exemplary embodiment of a right-angle
connection system with a pair with circuit boards of test system electronics;
[0014] FIGURES 4A and 4B illustrate exemplary embodiments of right angle
connection systems attached to printed circuit boards of test system;

[0015] FIGURE 5 illustrates an exemplary test cell for testing memory chips in
final package with a test-head, manipulator, interface and handler;

[0016] FIGURE 6 illustrates a programmable interfac;e matrix assembled with a
novel array of printed circuit boards of test system electronics and a plurality of
novel right angle connection flexible circuits;

[0017] FIGURE 7 is a schematic illustration of an exemplary embodiment of a
right angle interconnect;

[0018] FIGURE 8A illustrates a prior art version of a connection system between
a pair of printed circuit boards of test system electronics and a socket card

assembly;



8 WO 2008/116098 PCT/US211118 /115 7 7 0 9 155 and an outer surface 160.
Quter sur y have a termnal area of «circuitr vabl e
connectid&a&ﬁ?%ﬁg%gﬁet card assenbly 500. Inner surface¥f%§%ﬁ%§hﬁgﬁgna pair
of termnal areas of circuitry 170, 175 for connection wth the first and
second sides 115, 120 of PCB 105, respectively. Optionally, single
flexible circuit 110A may al so include a support 180 in connection with

i nner surface 155, opposite of the termnal areas of circuitry 170, 175
for connection with the first and second sides of PCB 115, 120, [0024] In
anot her enbodi ment, flexible circuit 110E may have a term nal area of

circuitry 165 r i 1 assenbly 500
on one side E@ggﬁF“ﬁ%?ﬁﬁ%bgﬁggﬁgfgﬁ%%ﬂwgﬁ}%@%@ﬁFﬁﬁﬁFﬁgpﬁgﬁgh of circuitry
170 for renovapl@eciied d 1Rweln o aR BEpRtedidituif HobRls oPia6t syseend si des 115,
120 of PCB 105 on another side 155 (opposite to the one side 160 with the
term nal area gkci@hic€bhd 4 YockétZafdsserfit®yiana@bl € connection with socket card
assenbly 500). [0025] In an enbodinent, a pair of flexible circuits 110B
may be confi gupoegb]f ariGUBES®t Tiileatraty pcaraneight angle sowlestorscfar ebnasdiegrbl y 500
with each of the first and second sides 115, 120 of PCB 105, respectively.
I n one enbodi neateleciiones of poted pitcait pesids to saekgbery] ass8miliesB, 145B may be

provi ded for renovabl e connection of the pair of flexible circuits 1106 to
the first and second sides 115, 120 of PCB 105, respectively. In addition,
anot her pair of interposer assenblies 1508 nay be provided for renovable
connection of the pair of flexible circuits 11 OB to socket card assenbly
500, respectively.



[ 0026] Looki ng at FI GURES 4A, 4B and 5, and in an exenplary enbodi nent,

there ma i.ded an ATE system 515 (FIGURE 5) for | rality
of 9 \/\0@@3@%@%‘%8 PCT/ US211118 /115 7 7 0 9 devi ces%iﬁ%@?@?@h&ﬁ ey

i nclude test head 505 having at |east one printed circuit board 105

(FI GURES 4A and 4B) for processing test signals. ATE system 515 may i ncl ude
at least one flexible circuit 110 (FI GURES 4A and 4B) for electrically
connecting first and second sides 115, 120 of PCB 105 and a socket card
assenbly 500 with one another. Generally, the at |east one flexible circuit
may have a defined shape configured to interface with socket card assenbly
500 along one plane 125 (Fl GURE ; j.des of PCB 105 al ong ot her

pl anes 130, 135 (FIGURE 1), whi c%mn%?/(bg%%?snt antially perpendicular to

t he one plane 125. ATE 515 may include an interface 520 configured for

el ectrically connecting socket card assenbly 500 with devices under test
510 carried byoegpthanméferindRFIGURER 113, kh gid §l@ng intan, exemplbiy-eaibgbienehtnt er connect
assenblies 100 (FIGURE 1) with ATE interface 520 may all ow testing many
sem conduct or tokewimaebe pravideddpghilaius 1p@ (adol referredbiame psseFiblyxioblhereq) facui t 110
may be integrated as a short interconnect placed between a custom ASIC
(not shown) areuting gigndicletusnadt fepst onp pdpedheisuibaggrd 1B WH-Sa5andfal | ow t est

signals (both inputs and outputs) to be routed.t array, .  of cations
and then rout EPIRSOIFEFIHARSSHBRY @ Pl”ﬁteﬁﬁ'lrcgft}b%“.j1?%%%8]’“%‘*‘6%@? P‘{:gl ustrated

in Fl GRE 6, taﬂé)grag?{d%ﬁlﬁ?’%%g:,@é%%{{e%fggggé Eiisé(osgg)sjlilthérg?}/espﬁea}ar58gi ded with an

array of prin system e ronics. Controlled

i npedance flexi & .GhbEeddidoR 58 mERbE baniG o fRYiedt®all) @nhi&iRg trRA0kEst

one PCB 105 with a plurality of devices under test 510. Apparatus 100 may include
at least one flexible circuit 110 electrically connecting first and second sides of PCB
115, 120 and socket card assembly 500 with one another. The at least one flexible
circuit 110 may have a defined shape configured to interface with socket card
assembly 500 along one plane 125 and the sides of the PCB 115, 120 along other
planes 130, 135 substantially perpendicular to the one plane 125.

[0022] In one embodiment, the at least one flexible circuit 110 may include a
single flexible circuit 110A configured for electrically connecting socket card
assembly 500 with both of the first and second sides of PCB 115, 120. Additionally,
a pair of interposer assemblies 140, 145 may optionally be provided for removable
connection of single flexible circuit 110A to the first and second sides of PCB 115,
120, respectively. An interposer assembly 150 may also be provided for removable
connection of single flexible circuit 110A and socket card assembly 500 to one
another.

[0023] Inan embodiment, single flexible circuit 110A may have an inner surface



connection system of extrene density flexible circuits, which may be

conbi ned gt | i ant mechani sm end i nterposer/inter
t echnol og‘%olte)sz.noséﬁg(ﬁ?hi gh density and conplaint int ercon%gg{ig‘i@ﬂo%o% gh

signal fidelity (i.e., integrity), with mninum line length to DUT, while
of fering unprecedented density and parallelism 10 WO 2008/116098
PCT/US211118 /115 7 7 0 9 [0029] In an enbodi nent, flexible circuit 110
(FIGURE 3) may provide an economcal, reliable and high performance ATE
signal delivery systemthat offers significant efficiency advantages when
testing intergrated circuit (1C) devices in a highly parallel manner.

Fl exi bl e ci rcgirs%gaé%ﬂout%ﬁa&sl%@ bme?g&raaxéq?gﬁxy REEH drfiifatslbf Pin count

testing of ov menory devices I n paral and is imted principally

by avail abl e |Gt edsbr sMedBBEcontROlittRRRI card Gsgdly50b 0 InnbICURES 1, 2, 4A
and 5, right angle connection may be nmade between interface denmux board

105 (FI GURE 4Aurfaceh t5heayBlaVle s paikaitermtar ate&0d cirdtit@@IRE, 135 forEhenectiapht angl e
connector 100 (FIGURE 1) nmay include flexible circuit 110 (FIGURE 1),
support nechanvigrthed B¢t apésecomEsides, 118180 pi@ER105 iespachielye Optianglly, sitds, 150
(FIGURES 1 and 2). By routing the signals on both sides of denux board 105
(FI GURE 4A), distiblersipritddfhaey #3Ryne'vrisA shppert 180a%Faanectie wit nnet sgfase| oop
circuit 110 (FJGURES 1, 2, and 4A), linmte p may be us t connect

| ar ge nunbers '%‘?pﬁﬁél°§.§”e[t?5f5‘@ﬂar%ﬁSQQﬁf'rcéerdﬂgS’ @%ﬁoé(??%‘redf?ﬁ)‘/‘”tﬁﬂbelfgsde f1exible
circuit 110 with transm.ssd | i . Flexible circuit 110 may be forned in
a U shape. Tvvoani nstecéorngossmggiﬂﬁ%oﬂsl%f may be assenbled inside on the ends to
make contacts beitﬁ pﬁ%ofﬂ@r éﬂ%%di%ﬁt, flexible circuit 110B may have a terminal area of

circuitry 165B for removable connection with the socket card assembly 500 on one
side 160. Flexible circuit 110 may have terminal area of circuitry 170 for removable
connection with one of the first and second sides 115, 120 of PCB 105 on another
side 155 (opposite to 'the one side 160 with the terminal area of circuitry 165 for
removable connection With socket card assembly 500).

[0025] In an embodiment, a pair of flexible circuits 110B may be configured for
electrically connecting socket card assembly 500 with each of the first and second
sides 115, 120 of PCB 105, respectively. In one embodiment, a pair of interposer
assemblies 1408, 1458 may be provided for removable coqnection of the pair of
flexible circuits 1108 to the first and second sides 115, 120 of PCB 105,
respectively. In addition, another pair of interposer assemblies 150B may be
provided for removable connection of the pair of flexible circuits 110B to socket card
assembly 500, respectively.

[0026] Looking at FIGURES 4A, 4B and 5, and in an exemplary embodiment,

there may be provided an ATE system 515 (FIGURE 5) for testing a plurality of



One interposer 150 may be assenbled on the top of flexible circuit 110 to

make co i DUT socket card 500. Conpliant suppo ESPani sm
180 may r\{g@%ﬁg(g‘j#?&éﬁred under flexible circuit 110. In arﬁl)bgﬁ%glgflﬁmantBQ,"71 f our

of these assenblies 100 may be integrated with a pair of PCB 105 or denux
boards 150 wusing a nmechanical bolster block 185 (see FI GURE 4A). [0032] In
an enbodi nent, flexible circuit 110 may include, for exanple, flexible 11
WO 2008/ 116098 PCT/US211118 /115 7 7 0 9 polyimde or other printed
dielectric material. Flexible polyimde material may be used to design 50
ohmtraces in a nmulti-layer, signal-ground-signal stripline configuration.

copper | ayer s qiRied!SRrids, it 918 rallifHAE TR AL hARY AWalfR pife - 11 0T d

structure and neet el ectrc-necha specli ficatlons. ce width nmy
be tightly congealbd {05 MSURED 2badUBPiop pidtdstinh MsEEighee AE0fSteM th ot her
paranmeters in the stack up so as to maintain an i npedance variation within
five-percent. shBORIIinchp@GiH lRgstlbat Mexbie Sicghad0 (FIGURES 4resndx@) apt i m zed to keep
near-end crosstalk (NEXT) and far-end crosstal k (FEXT) | ower than

t wo- per cent, vefedirallynainngécingiirsigand setend sitlgs 05, 820 ¢f @481 10840d a socket

si gnal s/ square-inch. [0034] In one enbodiment, flexible circuit 110 may be
desi gned to hai#ed 2sshmgli S0uith g Rerjeerr gereseiinbeat Igast onedlzivplesircuitiniay

AR T R RN WA T
%L;C‘[’)ict r é g?sfg%giéoﬁ‘agm:eq?ﬁ @@B%ﬁé&%@%’é Yadd FFBREUS LIhPHHELARE 9SS 1bES W dth.
(FIGURE 1), which may be substantially perpendicular to the one plane 125. ATE
515 may include an interface 520 configured for electrically connecting socket card
assembly 500 with devices under test 510 carried by a handler 525.
[0027] High density, right-angle interconnect assemblies 100 (FIGURE 1) with
ATE interface 520 may allow testing many semiconductor devices in a highly
parallel manner. Flexible circuit 110 may be integrated as a short interconnect
placed between a custom ASIC (not shown) and a device specific interface 530
(DSI) so as to allow test signals (both inputs and outputs) to be routed to an array
of locations and then routed to various devices in parallel.
[0028] As best illustrated in FIGURE 6, a programmable interface matrix 600
may be provided with an array of printed circuit boards of test system electronics.
Controlled impedance flexible circuits of matrix 600 may form a right angle
connection system of extreme density flexible circuits, which may be combined with
compliant mechanism and interposer/interconnect technologies. Such high density
and complaint interconnects allow high signal fidelity (i.e., integrity), with minimum

line length to DUT, while offering unprecedented density and parallelism.

10



may be configured in low mlli-ohns. The power supply lines are designed to

carry ov\gghgm%@f DC current. Hi gh tenperature polyi 'ﬂ:gﬁls%osfﬂg%§

sui t abl e adhesive may be used between layers to withstand tenperatures up
to +150 C. [0036] In an enbodi nent, overall length of flexible circuit 110
may be kept under a few inches to provide a short interconnect between a
custom ASIC on PCB 105, i.e., denux board 105, and the device socket card
assenbly 500. In one enbodinent, flexible circuit is |ess than two inches.
The electrical design of flexible circuit 110 may provi de over 1GHz
1dB-BW with mnimal degradation to rise-time 12 WO 2008/116098

PCT/ U8211118 / 7 IZage%boélﬂﬁrfhﬁegﬂregg&ﬂq1ﬁlg-gébﬂ 3§|a‘ggg{o§lde[a 037] I'n one

enbodi nment , eX| le circurt D1Is Sl ghe e- Si i.e., to

have si gnal p%&'&oﬂi’bab@éﬂﬂblbfaﬁd ﬁ.@rppamﬂé?@&mEﬂs@hQ@anvel%aé;i&eﬂn@ﬁat(o%rst er ni nal
areas of circuitry 165) in the mddle of flexible circuit 110 are in

opposi te si desiyydificant dfieral apamhtagdsy Ghenltidding Mrergretetdcinaiit (@) dadcesfingi rcui try
170, 175) on distal ends. When forned in a U shape, signal pads 170, 175
face inside t bighly@sragi¢ldesndrl FlexibRirgfits 18& mhgn besdrinlant®ys, madegad$hel65 in t he
m ddl e face out towards DUT socket board 500. [0038] As best shown in

FI GURE 4A, f| &Xlipisyceugtitesting of oyaPORmpronciPYieRs imparshet anchis iralqderingipdly us 190 so
as to provide " %g e" @th of its straight sides. This strain-relief
may be added P62 %ﬁﬁ?B?“’Bﬁﬁ*?ﬁhce of the connections being made and

o120 for 2 URLGF S RHR ERLEBIa e TR LA e BRRARR A hTEer 2 v

strain-relief pradiil8etween interface demux board 105 (FIGURE 4A) and the DUT socket
card 500 (FIGURE 5). The right angle connector 100 (FIGURE 1) may include
flexible circuit 110 (FIGURE 1), support mechanism 180 (FIGURE 1), and three
interposers 140, 145, 150 (FIGURES 1 and 2). By routing the signals on both sides
of demux board 105 (FIGURE 4A),land then connecting them with flexible right
angle loop circuit 110 (FIGURES 1, 2, and 4A), limited space may be used to
connect large numbers of signals.
[0031] Right angle connector may include flexible circuit 110 with transmission
lines. Flexible circuit 110 may be formed in a U-shape. Two interposers 140, 145
may be assembled inside on the ends to make contacts with pads on PCB 105.
One interposer 150 nﬁay be assembled on the top of flexible circuit 110 to make
contact with DUT socket card 500. Compliant support beam mechanism 180 may
be configured under flexible circuit 110. In an embodiment, four of these
assemblies 100 may be integrated with a pair of PCB 105 or demuix boards 150
using & mechanical bolster block 185 (see FIGURE 4A).

[0032] In an embodiment, flexible circuit 110 may include, for example, flexible
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190 in flexible circuit 110, which nmay be affixed to a saddl e support 195
and by 3\5683968911?@9?”3 under the saddle that nay use prephrfﬁ%?gm)%g.hbpgs

el ast oner simlar conpliant material 200. Insul ator e support 195
general ly provides nechanical support and a taut flatness to ensure
reliable connectivity. [0039] As illustrated in FIGURES 2 and 4A,
regi stration pins 205 may be enbedded in saddle 195 to provide alignnent
with interposers 150 and with device socket card assenbly 500. [0040]

I nt er posers 140, 145, 150 are non-pernmanent, very short pieces of
i nterconnect between flexible circuit 110 and one of the printed circuit

boards. | nterpopfdesor bther prifcdl AdIEctRTRASH, SexiviSpdllemias nidifiabmasbd 0 make
contact with pads 13 WD 2008/116098 PCT/ US211118 /115 7 7 0 9 170, 175 on

denux board 1Q6ed thabsigrpdseim ttidds irsa maisdaybt, sidnabgrouiesiyep swiplirfel exi bl e

circuit 110 to make contact with DUT socket board 500. |nside interposers

140, 145 may cbefigiratiafi. fGoep%mayersmay engtas]. Zler thisknespesses to Pswvidered nmay have

about half as many contacts. [0041] In an enbodi nent,_ both types of

i nt er posers 14em- rMBSt%.'ﬁfélrel%U rRey eIReiramechpnic) sPesiicatignt: aE’Iestr%PW‘rP tine pitch

arrangement within t ra act i e contacts may

provi de a degr"@ébSF'gPQ'éSﬁBmR%ﬁcg@ r?tbﬂ’ﬁweaodmrgo'g@(ﬁ ai?”&sw' T | nt er poser s

140, 145 may pro C ,ring lowforce
5 M&? é%{eystécw S0k RehaliGRian mﬁgncwa hilioh G

per contact. I'strat in1nterposer 150
for alignment gangd...pelarity in order to make a nore reliable connection.

[0033] Spacing between signal traces may be optimized to keep near-end
crosstalk (NEXT) and far-end crosstalk (FEXT) lower than two-percent, while
maintaining a density of at [east 340 signals/square-inch.

[0034] In one embodiment, flexible circuit 110 may be designed to have a high
DC leakage resistance. For example, this resistance may be over 10 G Ohms so
as to keep the leakage current to sub-nano amps.

[0035] In addition to 50 ohms signal traces, flexible circuit 110 may include
power supply lines distributed across its width. The DC resistance of these traces
may be configured in low milli-ohms. The power supply lines are designed to carry
over 2Amps of DC current. High temperature polyimide or other suitable adhesive
may be used between layers tc withstand temperatures up to +150 C.

[0036] Inan embodiment, overall length of flexible circuit 110 may be kept under
a few inches to provide a short interconnect between a custom ASIC on PCB 105,
i.e., demux board 105, and the device socket card assembly 500. In one
embodiment, flexible circuit is less than two inches. The electrical design of flexible

cireuit 110 may provide over 1GHz 1dB-BW, with minimal degradation to rise-time
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[0043] Interposers 140, 145, 150 nmay be designed to be sem -permanent and
maybe in unber of interconnect technol ogies. Lhaent
AWH9Gos¥oo8 g@gﬁf\}é@g@gﬁg%

each of Interposers 150 are designed into a pre-define t hat
allow for the substitution of a single interposer 150 upon failure.
Furthernore, all interposers 150 nmay be substituted with other interposes
150 so as to provide another technology type or conmmercial source of
supply. [0044] Looking at FIGURE 2, and in an enbodi nent, the ends of
flexible circuit 110 may each be assenbled with a netal bol ster plate 220
with an insulator 225 in between. A conpliant support beamwth a spring
mechani sm may _be.assenbl.ed .under saddl e support 195 (FlI GURE 4A) of
flexible ci rcﬁ?rﬁ'@lﬁ?%'?{%s'qn%%l enentations nmay include an el astoner or

simlar conpli i [ -l r .have short

regi stration [5?(%2?2gg%g%%h?%Eﬁ%enﬁg%élié%@/qg&%gb%? %%%%%@115 77009
regi stration RN Ha3e sighbl SRRAAIbbH i WHdDottRlsRiEE N P4k Ab$ (2 &PmivBY be nounted
on dermux board 105 using fasteners 240. Registration pins 235 may go

t hrough i nsulaadaerof 220itranek) inl tex midalette Muibib ciedul 1104re frosppbsite@idalizgnment .

[ 0046] Referring to FIGURE 4B, and in an enbodi nent, two | oops 110B may
start and end 1@h obpadenTihn7T @cternugfhial PEBs &0 cuifr) 0407 | 73Fon distabendk.eYvhamd
especially for a specific application of assenbly 100, flexible circuit
100 may be mademgesinea PisBadentienabRade ddeicli’Adraetisiderewatdreddesdfo.df08lt er | ayer

o oD et R B oL PSR P S P TR bl "
Assenbly 100 500
[0038] As best shown in FIGURE 4A, flexible circuit 110 may include a
strain-relief radius 190 so as to provide “wiggle” on both of its straight sides. This
strain-relief may be added to allow for compliance of the connections being made
and also for any material contraction or expansion with change in temperature. The
degree of compliance is achieved through the implementation of strain-relief radius
190 in flexible circuit 110, which may be affixed to a saddle support 195 and by
support beams under the saddle that may use pre-loaded springs, elastomer or
similar compliant material 200. Insulator saddle support 195 generally provides
mechanical support and a taut flatness to ensure reliable connectivity.
[0039] Asillustrated in FIGURES 2 and 4A, registration pins 205 may be
embedded in saddle 195 to provide alignment with interposers 150 and with device
socket card assembly 500.
[0040] Interposers 140, 145, 150 are non-permanent, very short pieces of
interconnect between flexible circuit 110 and one of the printed circuit boards.

Interposers 140, 145 are assembled inside on the ends to make contact with pads
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with flexible circuit 110 offers a right-angle connection system between

t wo perggg@bgfhréﬁfrinted-circuit boards (i.e., testerp%&ﬁ%%&@mgﬁg)PCB 105

and the 500) that is non-permanent, conpliant exi| al | ow
hi gher density of PCBs, preserves signal integrity, allows several in an
array, and has a relatively low cost. [0049] Assenbly 100 nmay use
non- per mnent connecti ons whi ch does not require permanent connection to
SCA 500 and rest of interface 520. This allows changing only SCA 500 or
device specific interface 530 (DSI 530), which includes nmany SCAs, and
reusing portions of the remaining interface 530 whenever different device

types are ! eskog. 1753h el Ay 'E‘%.Sﬁrrgg?ﬁ&s%rﬁ 8 sty dnfife pbr R and not

the entire interface result in a lower overall cost. [0050]

I nterposer 15QrEMM 18 thkeRoMEASHABOT SodkBhobRIF0BC RSIE RtefRisBRAG 48N Ch
mates with SCA 500. If the interposer becones non-functional, it is

repl aceabl e i mnaytbeas fifferbit.frofboutdfae 20€B6skt GEOEh ey 9@ A Balf dslhang 7 0 9

[ 0051] Nunerous enhancenents have been nade in the interfaces to increase

t he DUT paral lcettegsn This is typically done by sharing of existing
resources either by passively splitting the transm ssion |ine or by use of
active sw t chiléff] | ningrgmbediment, koth tapegeT irmnsersdrOi e apd hFioedy e are

required to SCA 500 while preservin signal integrity. Assenhly 100
provides a hi GH2HEY POMAGRHWEN MSiRgR & Q?T%““@WHHEH%BF?%ﬁhV@ﬁ“Hﬁ be capabl e

IR U R ]
105. Interposers 140, 145 may provide very low contact resistance while requiring
low force per contact.

[0042] Registration holes 210 may be added in interposer 150 for alignment and
polarity in order to make a more reliable connection.

[0043] Interposers 140, 145, 150 may be designed to be semi-permanent and
may be include any number of interconnect technologies. In an embodiment, each
of interposers 150 are designed into a pre-defined envelope 215 that allow for the
substitution of a single interposer 150 upon failure. Furthermore, all interposers 150
may be substituted with other interposes 150 so as to provide another technology
type or commercial source of supply.

[0044] Looking at FIGURE 2, and in an embodiment, the ends of flexible circuit
110 may each be assembled with a metal bolster plate 220 with an insulator 225 in
between. A compliant support beam with a spring mechanism may be assembled
under saddle support 195 (FIGURE 4A) of flexible circuit 110. Other

implementations may include an elastomer or similar compliance mechanisms.

[0045] Bolster plate 220 may have short registration pins 230 and long
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i npedance controlled transmssion lines in an interface. [0052] ATE test

head 505 W% AME0gBNY PinN-electronics sites requiring Pk@}lﬁﬁgﬁﬁ%ﬁgo to
ese

have many connectors in an array spread over a sizable area.

connectors may carry thousands of signals, which need to nmake reliable
connection every tinme. Flexible circuit 110 of assenbly 100 nmay provide
conpliance in three directions so as to allow for manufacturing tol erances.
[0053] In an interface using a custom ASIC based switch for switching, it
is extrenely inportant to |locate the ASICin close proximty to the DUT in
order to mnimze the signal degradation. Flexible circuit 110 provides a

rel atively shqegistratioh G285 R CIppbite @oPEOY BolgtesilstaiRghinay baeantef 6054] A

typi cal ATE test cell 515 generally includes test-head 505, mani pul ator

535, an i nt er faaomx b@dd 10hasiny fhstertire2405 RegistAdtion pine 2pF magpetreughi cs sites and
resources typically reside in test-head 505. Interface 520 nmay latch to
test-head 505nsufatPr@dnharctiex te derax boamdd O0pfor firg digewenti cs and utility signal s
with a conbination of device specific and device non-specific sections.
The interfacelb%#ﬂioﬁe%@@9H€§9UE54BtﬁE'@%%?mH%W?%Eéng@p?%1QEE%Wibed here
as device specif'cdinterface SBgﬁéEEgC§ﬁ£?' 16 WO 2008/ 116098 PCT/ US211118
/115 7 7 0 9 S AIRBARAPURCRFER T It erface, referred here as

pr ogr ammabl e g&%ﬁ;ﬁg'#é;rteg%a&ean@%i;pec%l fa SHedfiEhabigin BPUREmBYRBY | €S are

de-nul ti pl exe ctive ‘test " electronics o e pairs of denux printed
circuit boardgelfe cir%mq 0b hidhbes ?Q&lélrgorefﬁ%@w REuchEShEM kAL s Qerassenbl ed
0

on the each pair of denux boards 5in interface 520. This array of

connect or assesl baspddhar@SERE tHidkRess Bt @&l6QM@StErial, or adding slots, etc.
[0048] Most interfaces require right angle connection to an SCA. Assembly 100
with flexible circuit 110 offers a right-angle connection system between two
perpendicular printed-circuit boards (i.e., tester electronics PCB 105 and the PCB
of SCA 500) that is non-permanent, compliant, flexible, allow higher density of
PCBs, preserves signal integrity, allows several in an array, and has a relatively low
cost. |
[0049] Assembly 100 may use non-permanent connections which does not
require permanent connection to SCA 500 and rest of interface 520. This allows
changing only SCA 500 or device specific interface 530 (DS| 530), which includes |
many SCAs, and reusing portions of the remaining interface 530 whenever different
device types are tested. This allows customers to buy just the DSI 530, and not the
entire interface 520, which may result in a lower overall cost.
[0050] Interposer 150 may be is a consumable and replaceable connector which

mates with SCA 500. If the interposer becomes non-functional, it is replaceable in

the field.



pl ane 125 to handl er 525. Interface 520 is docked to handler 525 wi th DUTs

510 so %Otzgosgn]gagst he devices 510 in parallel. [0055] Befflshdodfsi-fe F! GURE
7, and in an enbodi nment, a pair of right angle interconnects on each one

of PCBs 105 may connect signals fromsides 115, 120 to portions 705A and
705B of each one of right angle interconnects 700, [0056] FI GURES 8A and 8B
illustrate a right angle connection system 800A and a right angle
connection system 800B, respectively. Right angle connection system 800A
is a prior art system and Includes connectors 805A to both sides 115, 120
of PCB 105. A holder portion 810A, such as an epoxy block 810A, is used to

R R s e L T

connector 815 I oVi conne oser assenbl 150

and socket cangl 509 parhfliSd] idal ShBi ' t 00B
(FI GURE 8B) mise POP pareitint| TR0 el Hiina 3 3h PG RAREN R dus A o PCB 105.

A hol der port iRassh.spRitafihe fdnsaiissRROXY ortby @K ofGBLRS, switshindenRRpVi ded to
retain connectors 8056. Flexible circuit 8056 may wap around a conpliant

support porti aasdiHgandnbeabkidhe cannpeiohs am réquirgbio IBEA SOamthil&P@serviag | Nt er poser
assenbly 150 wi thout requiring an additional connector portion, such as
connect or 815AiIghFI IR BRpemMil) 08Bproyigesenhighpriidinasat. hightfengitymay be provi ded
met hods of routing signals 17 WO 2008/ 116098 PCT/US211118 /115 7 7 0 9

bet ween at | e&SPNEEIRE WhICH AK e ERR3E5 & oY AFUSIENBEBAYIR I n VA UE& P RBad and a

Socket oA el %A AT AR, SACB a0 PR hEFlene, PO M
electrically impedance controlled transmission lines in an interface.
[0052] ATE test head 505 may have many pin-electronics sites requiring
interface 520 to have many connectors ih an array spread over a sizable area.
These connectors may carry thousands of signals, which need to make reliable
connection every time. Flexible circuit 110 of assembly 100 may provide
compliance in three directions so as to allow for manufacturing tolerances.
[0053] Inan interface using a custom ASIC based switch for switching, it is
extremely impoﬁant to locate the ASIC in close proximity to the DUT in order to
minimize the signal degrédaﬁon. Flexible circuit 110 provides a relatively short
interconnect by employing straight traces.
[0054] A typical ATE test cell 515 generally includes test-head 505, manipulator
535, an interface 520, and a handler 525. All the pin-electronics sites and
resources typically reside in test—head 505. Interface 520 may latch to test-head
505 and connects to all the pin electronics and utility signals with a combination of
device specific and device non-specific sections. The interface portion 330 next to

the test devices 510 is described here as device specific interface 530 (DS| 530).
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connecting first and second sides of the PCB and the socket card assenbly

with onegygngidiGhei th at least one flexible circuit ha\ﬁr'f'ﬁls%ogfﬁghpfd shape

configured to interface with the socket card assenbly along one plane and
the sides of the PCB along other planes substantially perpendicular to the
one plane. [0059] In one enbodinment, a nethod may optionally include
connecting the at |east one flexible circuit and the first and second
sides of the at |east one PCB together, respectively, with a pair of

i nt erposer assenblies. A nethod may include connecting the at |east one
flexible circuit and the socket card assenbly together with an interposer

assenbly. | nﬂgg%b&hﬁg\g}éeosiqgﬁ%gﬁg&éc gre eirred T’ller%Xals(t;;)lFO%[fl a%}"e m%‘ﬁ’@'giﬁtﬁ%(aand t he

t oget her, e replac one diaii

flexible cir CL@ bn%%er%nQQQn eﬁ’ %@h@%aré BSJﬁlﬂ@le&?dmwg% tl\fehgstpa' r of

i nt erposer asse repl aci ng east on PCB and the at | east

one flexible cdddgdhibs on tAOBhils SEQMKGPrihRE clrdift bBavds 108, ThBtightR@ger assenblies.
[0060] In addition to connecting the flexible circuit and the socket card

toget her, a nehhatbrewjen MO nyoeraasmtileworn the eadhtpair plodkeiux assresridsyin r epl aci ng
the socket card assenbly, and reconnecting the interposer assenbly. A

met hod may i ndhtadace 52@nHivs argaytoh@onhmt@rq@g@eblieaé@mmeyt tapdtarerangddi r - of

i nt erposer assenblies, replacin at |east one flexible circuit, and
reconnecting tAnei1RF or3pde52ass Ff%?%ﬁzﬁh%dqch%’ to pafidier 25 Wit [l Toxl8 50
assenblies. 1s \Wat Apparatus for routing signals between

at | east one pﬁsitﬁfeéﬁtlr’%fj‘?"&ﬁ?E?%Ba?rauejr( PCB) within a test head and a socket
card assenbly [B(%S]el ﬁ%.fnhgc%' IJIC;(U!QI-_QEl %%tlrll nlgannglment a pair of right angle

interconnects on each one of PCBs 105 may connect signals from sides 115, 120
to portions 705A and 705B of each one of right angle interconnects 700,

[0056] FIGURES 8A and 8B illustrate a right angle connection system 800A and
a right angle connection system 800B, respectively. Right angle connection system
800A is a prior art system, and includes connectors 805A to both sides 115, 120 of
PCB 105. A holder portion 810A, such as an epoxy block 810A, is used to retain
connectors 805A. A connector 815A, such as a socket header connector 815A, is
provided for connection with interposer assembly 150 and socket card 500.

[0057] Novel right angle connection system 800B (FIGURE 8B) may include
connectors 805B to both sides 115, 120 of PCB 105. A holder portion 810B, such
as an epoxy block 810B, may be provided to retain connectors 805B. Flexible
circuit 805B may wrap around a compliant support portion 815B and make
connection to socket card 500 via interposer assembly 150 without requiring an
additional connecior portion, such as connector 815A (FIGURE 8A).

[0058]  Inan embodiment, there may be provided methods of routing signals
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at least one PCB with a plurality of devices under test, the apparatus
conpri si t one flexible circuit for electrlcak g first
and secoﬁgogﬁﬁgg%% the PCB and the socket card assenb h¥n& @%&bgnother
the at |least one flexible circuit being electrically connected to the
first and second sides of the PCB along first and second planes, and the
at least one flexible circuit having a defined shape configured to provide
an electrical interface for the socket card assenbly, the electrical
interface for the socket card assenbly being internediate | ocations where
the at |least one flexible circuit is electrically connected to the first

and 5econd. 51 dgtuedn 18 PO @l {YooR] P61 6 2108 L3RS o0l e Socket

card assenbly beln rovi stantr al

per pendi cul ar dqp és}%@mgfyﬁ@rtele@ﬂgml?@&rﬂ@gmBltl’%“ﬁ%asf’mr@%ﬁwu@lﬁy 51he at | east
one flexible circuit has a sem-rigid structure and a strain-relief

radi us, wher eidavicBeursder ®ist-1i & érffodingedt, dsndiicavhalancladetpgirralyof conpli ance
to the flexible circuit and the electrical interface. 2. Apparatus in
accor dance w tdencdctngfirgt andisecoad nidede theet PCRarsd theiseckk! @rd ddsembiginviticui t
includes a single flexible circuit configured for electrically connecting
the socket camng aagt@ewtfwtwaﬁtwneS%W%Cf'rcvlg'éawngr%cieﬂa%sf@eemgw@es of the
PCB. 3. Apparatus in accordance with claim2, further rising a pair of
i nt er poser asé%tﬁfﬁ"l"iee’@thf"?frSQCE%VQBF?”BH@”%’I“E’QWW aneie F‘F‘é pfthefrecti on of

the single fl ﬁgbleac cul ya ah X enmcwmq second si des of the PCB,
respectively. gﬁﬂbép VR M R (el oo IR - UATo I R |% 5 further conpri si ng

an 'nterposerr{e@s%geﬂmcsaee B R AR Faf O sstroha@ o5 gl i €1 bl e

circuit and t cket car asse to bne an her, the I nterposer
assenbl y CONNQELseend MoxioieciBbiesHkimd and B8 588 drafe dihessheleess card

assenbly on a first surface of the single flexible circuit,
together, respectively, with a pair of interposer assemblies. A method may include
connecting the at least one flexible circuit and the socket card assembly together
with an interposer assembly. In addition to connecting the flexible circuit and the
PCB together, a method may include replacing one or both of the PCB and the
flexible circuit. A method may further include removing the pair of interposer
assemblies, replacing at least one of the PCB and the at least one flexible circuit,
and reconnecting the pair of interposer assemblies.
[0060] In addition to connecting the flexible circuit and the socket card together,
a method may include removing the interposer assembly, replacing the socket card
assembly, and reconnecting the interposer assembly. A method may include
removing the interposer assembly and the pair of interposer assemblies, replacing

the at least one flexible circuit, and reconnecting the interposer assembly and the

pair of interposer assemblies.
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wherein the first surface of the single flexible circuit is opposite a
second surface of the single flexible circuit, and wherein the second
surface of the single flexible circuit faces the PCB. 19 5. Apparatus in
accordance with claim 1, wherein the flexible circuit has a termnal area
of circuitnyhatds cldimedliectrical interface for the socket card assenbly, for
renovabl e connection with the socket card assenbly on one side, and wherein
the flexible circuit has a pair of term nal areas of circuitry for

renovabl e connegt i 0nA)bbér’@tusthﬁroDhﬁéﬁigﬁélQ bERERAGt fdadeEndprifitB@ clPSdh wyar@not her
side opposite to the one side with the termnal area of circuitry for

renovabl e ¢BRBEMthiR {ast Reathand gesketard aS%&@Yw‘fﬂrﬁe%”C%ﬂM&&ﬂﬁ?ﬁ@gl”ﬂP
accordance NetaEt &leapﬁsﬂw.thvmu Fyéf%v&b?iﬁhc?ér‘?eﬁ'tﬁ@lé' bal@ss GmpiRidy nal area

li
of circuitry, at the el ECtI‘IC% interface for the so et card assenbly, for
renovabl e conneét ie@snt ouiet fiexithe: ciseyitider e|§affléa|bl§§@ﬁ%¢t5ﬂgo‘rﬁ3toﬁ’i@ sficgad sigedl ofvher ei n

the [1lexi Bepplel Gl tnd8tidt baMdARInA G Bhe GbfiKr! (¢ di0aLiIRVABS

connection one o secon on anot her
si de opposictreuit beit elentricady etenmdtéd ta the firet ammaeccmdeades ot threcBCBralofigr

renovabl e nnection with the s Ly, Z.. Appar '
ccor dance At eRASEETIA RN aie fE K leakf bffe AEXBETRoH bdying BPERH Sppbe
i ncl udes acpafigured télmwbé @rcleremtridas memiécegttrrethef socket exatd iasaémylypmecti ng
the socket rd ass t rst ides of the
pe, " espEleEt el Pleraos e sPell i Lestsibin be ey R e oot et
conpri si ngtie @Aksstadne flexible circuit is electrically connected to the first and second sides

of the PCB, and the electrical interface for the socket card assembly being provided

in a third plane that is substantially perpendicular to the first and second planes;

wherein each of the at least one flexible circuit has a semi-rigid structure and
a strain-relief radius, wherein the strain-relief radius provides a degree of compliance

to the flexible circuit and the electrical interface.

2. Apparatus in accordance with claim 1, wherein the at least one flexible
circuit includes a single flexible circuit configured for electrically connecting the
socket card assembly with both of the first and second sides of the PCB.

3. Apparatus in accordance with claim 2, further comprising a pair of
interposer assemblies for removable physical and electrical connection of the single

flexible circuit to the first and second sides of the PCB, respectively.

4, Apparatus in accordance with claim 2, further comprising an interposer
assembly for removable connection of the single flexible circuit and the socket card
assembly to one another, the interposer assembly connebted to the electrical
interface for the socket card assembly on a first surface of the single flexible circuit,
wherein the first surface of the single flexible circuit is opposite a second surface of
the single flexible circuit, and wherein the second surface of the single flexible circuit
faces the PCB.
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i nterposer assenblies for renovabl e connection of the pair of flexible
circuits to the first and second sides of the PCB, respectively. 9.
Apparatus in accordance with claim8, further conprising another pair of
i nterposer assenblies for removable connection of the pair of flexible

circuits to the SOCA@&ar@t%ﬂw é’éo%ﬁfﬂhbé{ witherhacit Whetain thleQ‘Iexi‘M@éiFo%'itlﬂﬁslan
accordance with claiml, wherein the at | east one flexible circuit

conpri ses Ermimat areaaf sirceifngathe e@c}r@gt interfage fey the é@@@tﬁémw & in a
signal - gr @ma@e%'neéﬁdn' Rith ﬂf‘e SR e %fs'sélﬂbly?& &ri'e siBBPRRRHErdifthe

accordance with claim4, further conprising: a saddl e support positioned
bet ween t hiexiie sifeLithas aair of tarminas aregseof foiresiing fas remorvef@lmcoan@tlpnévmhcs, t he

saddl e suppardg.naw Qg Pﬁ@ s|dR8% BB Sididd! fib BQ@SnSV{P%‘?é’Sﬁe EQ?rV\ﬁlihn for
0 'y W he

provi di ng al’i gnment he I'nt erposer asse respect to

f1 exi bl e cihectdrminal 2areA ofetchiodtrpffor gamionaplsi mlestidret\w#emhatscjcleetscardne
printed ci [eu tb board (PCB) within a test head and a socket card assenbly
for el ectrfta hyyconnectl ng the at |ease one PCB with a plurality of

devi ces under test, the nmethod conprising: electrically connecting first

and second si de of the PCB and the socket .c ne anot her
Hing ot least Bne AREIHS COHANCS BHB Caim e be i peresi s Bas &ur

bei ng el ecfefmal AtatpRReGt¢httife bleetrichlriflerfabs ferareBecket dat Mdsehibhy, B al ong
first and second planes, and the at | east one flexible circuit havi ng a

defined shEBOVabls/AONGERion Wi EcSACHEL GAI0 @SSRITRIY o8l Onentids { aRbWheie e s ocket
card assenfilypie Gt RALE eI o0k OF ERGAN F réMBVARS kSindkAbr viksHEdry bei ng

i nternedi ate | ocations
the first and second S|des of the PCB on another side opposite to the one side with
the terminal area of circuitry for removable connection with the socket card

assembly.

7. Apparatus in accordance with claim 1, wherein the at least one flexible
circuit includes a pair of flexible circuits configured for electrically connecting the
socket card assembly with each of the first and second sides of the PCB,

respectively.

8. Apparatus in accordance with claim 7, further comprising a pair of
interposer assemblies for removable connection of the pair of flexible circuits to the

first and second sides of the PCB, respectively.

9. Apparatus in accordance with claim 8, further comprising another pair
of interposer assemblies for removable connection of the pair of flexible circuits to

the socket card assembly, respéctively.
10.  Apparatus in accordance with claim 1, wherein the at least one flexible

circuit comprises a multi-layer flexible circuit having traces formed therein in a signal-

ground-signal stripline configuration.
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the at |least one flexible circuit is electrically connected to the first
and second sides of the PCB, and the electrical interface for the socket
card assenbly being provided in a third plane that is substantially
perpendicular to the first and second planes, wherein the at |east one

flexible circuifqis gpgadhts i @dc@rdafnl:@wnhlcﬁauﬁmr ﬁjﬂﬁereé‘r\ﬁbﬁ:ﬂnéraces formed
therein in a si gnal ground-signal stripline configuration; positioning at

| east one i nt erHBIENE sHPRATEPRSItIgNed detvises the sreendksuface df the sirgle flexible
el ectri cal %cuﬁoé‘ﬁk?%%”lgCBth@tséd@%S%uE&ﬁ't fHa@PﬁPbE? Ié‘és“t Cod rE%sEré‘t%nS ket

card asse Vi a | east one I nterpose . A method 1 n accordance
with clai nﬁrmbeddﬂdeth@rem @lr@mvrdlmaalmnmmétﬂenn@rpqser gsseamly wétb geepest thes of

t he PCB anﬂquQ Eﬂﬁkﬁﬂ card assenbly with one another wth at |east one
flexible CIFCUI i ncl'udes connecting the at | ease one flexible circuit and
the first and second sides of the at |east one PCB together, respectlvely,

wth a pair of,jnte er senbl i.es 4. A Lh acco,

o e maar ot ur e iR R T phowesn T 1R ohf e ifeLRE Bkl e

r egl aci ng @CB)emitin an&etdfeaﬁltwld%aomdcér’dasaémbwafst eleatrieally emrielcﬁr;]g:’:jhecw t,

and reconnecting t ai.r of in oser as net hod in
accor dance? tﬁﬁﬁﬁ ¥E ggq‘rgﬁth q,mgqa‘gfyrpf CRYCes % t"cséi tﬁ? m%é?f%@?;‘??%”ﬁl rst and
second sides Ofelé&@cdﬁ@%oﬁrﬁ@bthb%réi%b%’éc@ﬂf§idé§§ﬁﬂ*f@|P}'CBVlahB tRd€ock@hesder with
at | east one flexible circuit includes connecting | east one fl exible

circuit an?PSPR®IWiEkene aapticndag Bl lya%tdﬁ@tﬂ%rb'wmwtawe. ﬁt'%aséegﬁrfeé@'@enm y.
ot o pocer L RREOREALAS Wil Rhol g Bt bng i o 04 st e
t he first and second planes, and the at least one flexible circuit having a defined shape .
configured to provide an electrical interface for the socket card assembly, the
electrical interface for the socket card assembly being intermediate locations where
the at least one flexible circuit is electrically connected to the first and second sides
of the PCB, and the electrical interface for the socket card assembly being provided
in a third plane that is substantially perpendicular to the first and second planes,
wherein the at least one flexible circuit is a multi-layer flexible circuit having traces
formed therein in a signal-ground-signal stripline configuration;
positioning at least one interposer on the at least one flexible circuit; and
electrically connecting the at least one flexible circuit to the socket card

assembly via the at least one interposer.

13. A method in accordance with claim 12, wherein electrically connecting
first and second sides of the PCB and the socket card assembly with one another
with at least one flexible circuit includes connecting the at lease one flexible circuit
and the first and second sides of the at least one PCB together, respectively, with a

pair of interposer assemblies.
14. A method in accordance with claim 13, further comprising removing

the pair of interposer assemblies, replacing at least one of the PCB and the at least

one flexible circuit, and reconnecting the pair of interposer assemblies.
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i nterposer assenbly. 17. A nethod in accordance with claim 15, further
conprising renoving the interposer assenbly and the pair of interposer
assenblies, replacing the at | east one flexible circuit, and reconnecting
the interposer assenbly and the pair of interposer assenblies. 18. An

automat ed 1 est g6l PACAEATR SSAR it 2Bihndsa HeliAl iy oRbiricaRyi ces.

the ATE system conprising: a socket card asse havi ng evi ce specific
i nterface tomestingést anthseepnd siggsiaf #e PQBmhddbe/smt gard@sse@btv with enest  head

having a '%n&hg Wbl fedsO %Héﬁ&%@%ﬂﬁﬁh&a#’?@{ %tll’%&%sgt Lo tan rfl%?(fﬁ?es' ng

test signa wherern eac and ii)

a pluralityirait d@nddiké bbeket carduEsssmblyliegather vatcdn mterpcbmrfalseernhlye CI r cuits, is
el ectrically connected to the first and second sides of a respective one of
the PCBs along respective first and second pl anes; and has a defined shape
configured to pt&vi de methed @ctactaraandenvigh fcktre 150 fltieersatierisingc entbvirgs enbl y,

the electrjcal interface to the socket card assenbl bei ng | ocat.ed,,on the
exibl o clPalierPieRt GEsriEh e PRGBS Sacka GAE BB e A Y BoRTTEGtg s
el ectri cal jnferpssenagsdraslyt o the first and second sides of the PCB; and a

plurality of |nt er posers wherein each of the interposers provides a non-
per manent, conpliant connection between i) a respective one of the

el ectrical intesfacesndifod P a8Q5H&C Ciftsl AR IritndrirsiigRriRftet card

assenbly. 19. An ATE systemin accordance wth claim18, furt
conpri si ngthefipterposacassemiahend thexpai @ isterroget assembygsr rearacmgttbe 9b|§é$t

assenbl i es,f Ol L BIOYABLE SANIESHHing the interposer assembly and the pair of

interposer assemblies.

18.  An automated test equipment (ATE) system for testing a plurality of
devices, the ATE system comprising:

a socket card assembly having a device specific interface for connection to a
plurality of devices under test;

a test head having a i) a plurality of printed circuit boards (PCBs) for
processing test signals, wherein each of the PCBs has first and second sides, and ii)
a plurality of flexible circuits, wherein each of the flexible circuits,
is electrically connected to the first and second sides of a respective one of the
PCBs along respective first and second planes; and

has a defined shape configured to provide an electrical interface to the socket
card assembly, the electrical interface to the socket card assembly being located on
the flexible circuit intermediate locations where the flexible circuit is electrically
connected to the first and second sides of the PCB; and

a plurality of interposers, wherein each of the interposers provides a non-
permanent, compliant connection between i) a respective one of the electrical

interfaces to the socket card assembly, and ii) the socket card assembly.

19.  An ATE system in accordance with claim 18, further comprising, for
each of the flexible circuits, a pair of interposer assemblies for removable connection

of the flexible circuit to the first and second sides of a respective one of the PCBs.
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of the flexible circuit to the first and second sides of a respective one
of the PCBs. 22 20. An ATE systemin accordance with claim 18, wherein each
of the flexible circuits is a multi-layer flexible circuit having traces
formed therein in a signal-ground-signal stripline configuration. 21. An

ATE systemin aggor %ﬂ@ﬁE\Ms%sherﬁ' Al fecbRiantBatit e|aﬁﬁc+s cwhetr@.ﬂ eddnest Bee
circuits has a sem-rigid structure and a strain-rel i ef radius, wherein the

strai n-r el flefble Lifcuits | gvinyllislayerqiyitie el haingaliecest torngd thersin K @

circuit ang.hdiSroslLs r‘iél%ﬁ’l ihOEEHHRRRion22. An ATE systemin accordance with
cl aim 18, f%rt?écr) COIT%I’I Si gI a pfg%rallolnty of saddl e supports, wherein each

of the saddle supports is i) positioned between one of the flexible

circuits and thg PCB ﬁ%f@%gﬂarb R Q08 ddhet o l:lgffﬁ blge wr%rélﬁuééc% bt e

attached, and iT) has regqi ion pins "Shbedded t her provi
al i gnnent ftéxitde roa'a*sqntschas'ea ceami- ngldtshmctune earplos estminwielibf rasyse cwhereint ﬂne
flexible circuit. 23

strain-relief radius provides a degree of compliance to the flexible circuit and its

electrical interface.

22. An ATE system in accordance with claim 18, further comprising a
plurality of saddle supports, wherein each of the saddle supports is i) positioned
between one of the flexible circuits and the PCB to which the one of the flexible
circuits is attached, and ii) has registration pins embedded therein for providing

alignment of a respective one of the interposers with respect to the flexible circuit.
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