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t he refIeCAUGEHAATEDﬂﬁﬁﬂeEQLHMMENﬁHHMPE@WﬂﬁGgﬁﬁﬂéﬁGmesl§Rmmswﬂssﬁ@wplaced
at the input termnal of eac | ate the | oadi Eg{@effects from each

| oad. However, u@HﬁWﬁHGEBQEEQP@%%g%JSMION&@ Epgsmay not wor k

effectively, because they are relatively |large and necessarily placed
relatively far fromthe DUT input pins, causing additional stub |engths and
nore reflections. To be nost effecSUMYIARYe series resistors should be very

close to the i Usi.ng t.hin-filmresi enbedd din terface
ot nted ot ¢ cntbe Bt el SRR e & e GoatRdu e e Rl T
little gruspa sQ%leCaﬂfJnﬁlﬂéd ttdt QULIpbMcANATE) kBaAISThIR] ANFiveReEIefi Rl elafdcHufer pover
d|SS|pat|on they can be very small and fit into a pinout pattern (e.g.

babl gréd' logds’; QerannMdemce& mrélehiegtHDMTrs))d dihs mlymwwacmmcs of thd peekegt he

reflectlo t he poi nt st.er .channe ﬁl ve sever al
oa Sdn (F ? OP thg )r(naf‘:npolry deV1ces 82(1]1} ceaélge r(g:lﬂgcglcg)%n dlgnal(%ra%lsmlsswn atnh a{ %reate goc&

rrermr y édeivil qeﬁltymhi ﬁbveﬁllﬂpfbbasteit gnctiesdlitn QA saest Rpyeds gz&ﬂ”ﬁfghleﬂarmaﬁg{elr ﬁi for a
gi ven anount of tester channel card resources, redUC|£§}per device testing

costs i Acasnanks & 386 ) e plendlauplianayprl rtharkerdetpie oFlerEnspRAW NGS The
foregoi rc%gqll?%llagfemogjs&?ets§?51sft@ractaﬂBgﬁlai?&fjat%v tf%&ﬁﬁn okh 2 DHGPRALAGE from

t he foI ow ng description of particula embod e invention, as
i 10ust r tit éshding dffeets from ecach load. However, using common dlscrete surface mount resistors

may not work effectively, because they are relatively large and necessarily placed relatively far
from the DUT input pins, causing additional stub lengths and more reflections. To be most
effective, the series resistors should be very close to the input pins. Using thin-film resistors
embedded in an interface printed circuit board (PCB) allows this close placement. Since there is
15 little or no DC current flow in these resistors and therefore minimal power dissipation, they can
be very small and fit into a pinout pattern (c.g. ball grid array or BGA) of the high pin density
DUTs. This reduces the reflections to the point where a single tester channel can drive several
DUT loads, for example an address or command pin for eight high-speed memory devices,
which enables the testing or more DUTS in parallel for a given amount of tester channel card

20 resources, reducing per-device testing costs in volume testing applications.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and advantages will be apparent from the
following description of particular embodiments of the invention, as illustrated in the
25 accompanying drawings in which like reference characters refer to the same parts throughout the
different views. The drawings are not necessarily to scale, emphasis instead being placed upon

illustrating the principles of various embodiments of the invention.

-1-



acconpanyi ng drawings in which Iike reference characters refer to the sane
parts throughout the different views. The drawi ngs are not necessarily to
scal e, empbasiosiirsest ead bei ng pl aced upon illustrating toe/yseemworpkes of
vari ous enbodi nents of the invention.Figure 1 is a block diagramof an
integrated circuit test system Figure 2 is block diagram show ng
connections to a plurality of devices under test (DUTs); Figure 3 is a
schematic diagramof a test signal transm ssion channel on a contacter
board; Figure 4 is a |ayout diagramdepicting a physical |ayout for a test
si gnal transﬁ@s&ﬂdmabhahdé@anb@MMBEgEK%demMHdwiﬁw@ue depictions of a
manner of for.m ng .an isqlation resistor r 6.'s schemat i c
epr esent at | BRUGE i Oloaf Fiepiephine i seopessiens g aroib ot e BERIRHARV: dual
term najpwfs)a DUT; Figure 7 is a |ayout view of a portion of a contacter
board for contacting DUTs, showi ng the use of enbedded isolation resistors;
F| gure 8 is Higelcgsiea a@emaéwd@graal Yortestoignalftranfraission channelrongoeanghctst  Fi gur e
and %}%géres 9(a) and 9(b) are waveform di agrans of test signals.
DE?AILE SCRI PTION Figure 1 shows a tester system 10 for testing
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host conput Jg}% for
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Ilng C@%%L and f ﬁ§$. nal nonitoring (MON) to/of the test head 14,
er Wg @Pn@ﬁHﬁn ‘bgf the host 18. The test head 14 includes a
Figure 7 is a layout view of a portion of a contacter board for contacting DUTs, showing
the use of embedded isolation resistors;
Figure 8§ is a close-up view of a portion of the contacter board of Figure 7; and

Figures 9(a) and 9(b) are waveform diagrams of test signals.

15
DETAILED DESCRIPTION
Figure 1 shows a tester system 10 for testing integrated circuits such as high-speed
synchronous dynamic random-access memory (SDRAM) devices, shown as devices under test
(DUTs) 12. The tester system 10 includes a test head 14, support equipment (SUPP EQUIP) 16
20 and a host computer (HOST) 18, which may be connected to a network 20 for communications

with other test-related equipment. As shown, the support equipment 16 may provide various
general resources including power (PWR), cooling (COOL) and functional monitoring (MON)
to/of the test head 14, under high-level control of the host 18. The test head 14 includes a
plurality of tester channel circuit modules (TCCMs) 22, DUT contacter boards (or contacter

25 boards) 24, an interposer 26, and support circuitry (SUPP CKT) 28. The DUTs 12 are in
physical and clectrical contact with the contactor boards 24, such as for example by placement
into integrated circuit (IC) sockets affixed to the contactor boards 24. Each TCCM 22 includes
a plurality of tester channel circuits (TCCs), each of which generates a single high-speed test

signal.



plurality of tester channel circuit nodules (TCCMs) 22, DUT contacter
boards (or contacter boards) 24, an interposer 26, and support circuitry
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contactor boards 24, such as for exanple by placenent into integrated
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15 Figure 2 shows a logical or functional view of the connections between the TCCs 22 of
Figure 1 and the DUTs 12. In the illustrated example the DUTs 12 are SDRAM devices each
having various electrical interface terminals including address terminals (ADDR), control
terminals (CNTL), and data terminals (DATA). It will be appreciated that typically the address
and at least some control terminals are input-only (i.c., external devices drive address and

20 control signals into the SDRAMs 12), while for different types of devices the data terminals
may be bidirectional (used for both input and output) or there may be separate input and output
data terminals. The various terminals of the DUTs 12 are connected to receive corresponding
high-speed test signals from the TCCs 22. In the illustrated arrangement, the test signals are
labeled ADDR for address, CNTL n for control, and DATA n for the data to/from each DUT 12.

25 The address test signals ADDR are supplied to each of the DUTs 12, whereas cach set of control
and data test signals CNTL n, DATA n is specific to only a corresponding single DUT 12 (i.c.,
DATA 1 is specific to DUT 12-1, etc.).

During a testing operation, the DUTs 12 are tested simultaneously in a parallel testing

operation. In any given signaling interval, all the DUTs 12 receive the same address signals on



and at | east sone control termnals are input-only (i.e., external devices
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i nput and output) or there nay be separate input and output data term nals.
The various termnals of the DUTs 12 are connected to receive correspondi ng
hi gh- speed test signals fromthe TCCs 22. In the illustrated arrangenent,
the test signals are | abel ed ADDR for address, CNTL n for control, and DATA
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In the illustrated arr t he S|n le s 0 e test signals is
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for exappbRncyBy sharing test signals anong several DUTs 12, a reduced
nunber of tester channels can be used to test a given nunber of DUTs 12,
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S| %nal transition times less than 100 picoseconds (ps). At these signaling and edge rates, it becomes a
challenge to distribute a single test signal to numerous loads distributed over more than a few
square inches of area, because transmission line effects such as reflections can create substantial
noise on the signals and interfere with precise timing and signal level measurements that need to
occur as part of the testing. As an example, in one commercial tester only four DUTs 12 are
20 allowed to share a single high-speed test signal, in order to maintain adequate signal quality for
proper testing operation. It will be appreciated that when substantially more than four DUTs 12
are to be tested in parallel, a number of tester channels have to be allocated to each set of four
DUTs 12, requiring a large number of channels for parallel testing operation.
Figure 3 shows an arrangement that can be utilized to increase the number of DUTs 12
25 that can share high-speed test signals while maintaining adequate signal quality for proper
testing operation. The schematic of Figure 3 shows circuitry for a single test signal, such as an
address signal identified as "A0". The circuitry is included on the contacter board 24. It will be

appreciated that this circuitry would be repeated for many/all of a larger number of test signals

in a tester system, in order to minimize the number of tester channel circuits required to test a
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35, whose resistance preferably is chosen to be equal in value to the
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realized for example as very small sections of resistive material formed on inner layers of the
contacter board 24 during its fabrication. More information about embedded resistors is
provided below. In one embodiment, embedded resistors of a suitable size can be made having
resistance values in the range of 20 - 30 ohms for example, and more generally less than 50

20 ohms. The isolation resistors 34 should be high enough in value to significantly reduce
undesired reflections and thereby enable more DUTSs 12 to share a single high-speed test signal,
yet small enough in value to not adversely effect the signal directly delivered through them to
the isolated DUTs 12. Not all isolation resistors 34 need be the same value. For example, it may
be desirable that the series isolation resistors 34 closer to contact 30 have higher values than

25 those located further away from the contact 30. As an example of an improvement in
performance, in a system whose characteristics would only enable the connection of four DUTs
12 to a single test signal using conductive etch 32 alone (no series isolation resistors), the

addition of embedded series isolation resistors 34 enables a single test signal to be shared to



Each series isolation resistor 34 is preferably | ocated as cl ose as
possible to the corresponding DUT 12, in particular as close as possible to
t he speciwoeotoernmesal (e.g., AO of the correspondi ng DECTAR201Adeli420 Oonal |y,
gi ven the high counts and cl ose spacing of the termnals of nodern DUTs 12,
it is inportant that the series isolation resistors 34 be as snmall as

possi ble. For this reason, they are preferably fornmed as so-called
"enbedded" resistors, which may be realized for exanple as very small
sections of resistive material forned on inner |ayers of the contacter
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exanpl e of a physical layout of a circuit of the type shown in Figure 3.

The contedenc8o Figurstfoun tiasillpstratedofmbm dooentdbe distaB® teoveshingighbéreng PUEs poser
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T o1 crugol by sighal refloctions fiom e DUTs 13 with spacing ereaier than signdl transition times
will cause appreciable noise at signaling rates of 1 Gb/s or higher. The chain of DUTs 12 will
have the summation of reflections (from all of the DUT loads present) at different times in
different DUT locations. The use of the series isolation resistors 34 significantly reduces such
noise by reducing the coupling of signal reflections from the terminals of the DUTs 12 back
20 onto the etch 32. After the last DUT 12 in the chain (e.g. 12-8 as shown), the etch 32 connects
to the termination resistor 35.
One feature of the disclosed testing system is that there is generally very little direct-
current (DC) component to each of the test signals, and therefore only a small amount of power
is dissipated in each of the series isolation resistors 34. As a result, the resistors 34 can be made
25 very small and placed at a fairly high density generally within the outline of the respective DUT
12 on the contacter board 24. Although in the simplified view of Figure 4 the isolation arcas 38
are shown outside the outlines of the DUTs 12, this is only for ease of illustration and it will be

appreciated that modern layout and circuit board manufacturing techniques readily permit the

placement of sufficiently small embedded resistors 38 within the outlines of the DUTs 12.



is formed. Each isolation area 38 is ideally as close as possible to the
termnal of the respective DUT 12 to which the signal is to be conveyed
(e.g., adsoeswy/tiegesi nal ACof each DUT 12 such as shown iPoTRiSguow@23p0 A
smal | additional piece of etch connects each isolation area 38 with the
respective termnal. The configuration of the isolation areas 38 is

descri bed below with reference to Figure 6. In the illustrated enbodi nent,
t he di stance between nei ghboring DUTs 12 is in the range of 1-2 inches, and
thus the overall length of the etch 32 is on the order of 12 inches or
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Figure 6 illustrates details of an isolation area 38 and the manner in which the connecter
board 24 provides a connection from the etch 32 to a corresponding terminal 46 of the DUT 12
in one embodiment. The connecter board 24 is a multiple-layer printed circuit board, and Figure
6 shows top and bottom layers 48-1 and 48-2 as well as two inner layers 48-3 and 48-4. As
20 shown, the connection includes a first via 50, a first trace segment 52, an isolation resistor 34, a
second trace segment 54, and a second via 56 which terminates at a contact 58 on the top layer
48-1 that makes contact with the terminal 46 of the DUT 12. In the illustrated arrangement, the
first via 50 is a through-hole via that extends all the way through the connector board 24.
During manufacture, the first via 50 is "back-drilled" from the top and/or bottom to remove
25 unnecessary via metallization is areas 50-1 and/or 50-2, leaving a remaining portion 50-3 to
provide the connection between the layer 48-3 and the layer 48-4. The second via 56 is a so-
called "blind" via which extends only from the layer 48-3 to the top layer 48-1.

One important aspect of the presently disclosed technique is the need for a very short

path between the etch 32 (which is routed to all DUTs 12) and the terminal 46 of ecach DUT 12.



Figures 5(a) and 5(b) depict a manner in which an isolation resistor 34
maybe forned in an isolation area 38 of the contacter board 24. Figure 5(a)
shows a pvenowEawedhi | e Figure 5(b) shows an el evati on ycews28emersad
circuit board |ayers are shown, including insulating layers 40 and 4 1, a
resistor layer 42, and a conductive |ayer 44. The series isolation resistor
34 is part of the resistor layer 42. Various resistor materials and
formati on processes may be enployed. In one enbodi nent the resistors 34 are
formed of netal thin-filmmterial referred to as "nichrome” (N Cr), forned
by a minthpbengilepl BrohictntispradceskidesRbs p@mﬁm Sé)ti: hhesf?aghteawb seghiend St 45- b

are forned.as part t he conductive | S |soI i on
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the DUT 12 in one enbodinent. The connecter board 24 is a multiple-Iayer

pri nt edPEPE{iPR sisedpHoncAAeh s d P 8s- 6T hsdswscd Baxiawm lﬁagth@ﬁ?%cayé%p%h 1 and
48- 2 asbé’f@lﬁ%m S nIa‘ﬂPet&}pﬁ?{mdlt Y RS BechtBe gi ARt ac &chﬁu%f\n&eﬂ Ion
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contact 58 on the ayer 48-1 that nmakes con ct witht rmnal, 46 of
e %I??S‘ti 915)4 therrenaly %P%&%@@H@HPH “{nﬁé’ criey signg- goprie@ t%{mmed
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During manutacture, the first via 50 is "back-drilled" fromthe top and/or
bott om clectrlgeﬂWESIQmﬂhenfé@lsarg}aalmreparg@m@ dpeexhefithecansactar bagrd 38- hladwrod thB0- 2,
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15 propagation dimension.
As one example of the foregoing, if it is assumed that the signal edge rate is 80 ps and
the propagation speed is one inch per 160 ps, then the predetermined propagation dimension is
0.5 inches, and the desired limit on path length is one-quarter of this value or 1/8 inch. In
general, the test signals in high-speed testing of packaged devices (such as memory devices)
20 have edge rates less than 200 ps, which generally translates to a very tight limitation on the path
length. This in turn requires compact component placement and etch routing close to the DUT
terminals 46.
Figures 7 and & are depictions of a layout of an inner layer of the contactor board 24 in
the vicinity of a DUT 12 which shows the use of the embedded isolation resistors 34. In both
25 these figures, the small solid rectangles represent the isolation resistors 34, and the larger circles
represent through vias such as the first vias 50 discussed above (although these may also include
vias making connections to power or ground or to other signal terminals of the DUT 12). The
smaller circles represent the "blind" vias 56 that connect each isolation resistor 34 to the

respective DUT signal terminal 46.



One inportant aspect of the presently disclosed technique is the need for a
very short path between the etch 32 (which is routed to all DUTs 12) and

t he ter mwelotdiiadeseach DUT 12.1n the exanpl e of Fi gur epré/usheis/opabh
includes the via portion 50-3, the first trace segnent 52, the isolation
resistor 34, the second trace segnent 54, and the second via 56. For best
performance and acceptably low noise, it is desired that this path for each
DUT 12 be as short as possible. It will be appreciated that in any
particul ar enbodi ment, there is an inherent propagation speed of an

el ectrical sTiynlayoutd iordggueschmudiicare erampaehioot spdedicapt ld?UbdarminYy a For

exanpl e contacter board 24 .may. exhipit a characteristic proppagation

o 2y oPPREGOIRGor Tt S PERYPED s Rpcy SinPERER T lefulaP BRO8Rar nch
per 1600 Rsam TREuAeBiHoRd paBnEUMik eginfs 80 o£AeNarsdhgEd atRbRcRBOVEBNL2IITE MBI N
etch 32 and the respective signal termnal 46 of a DUT 12, including vias

(e.g., toce wfymnstzeds Thesgare tBDHEyis6)c. dhelDiHetcinipplat) ba diregglysbeye 34, s

funRctio t ' thon n he. e e S

acL) OBl bheRLARCAT Oty ARSES, ARy LB SRS SR
can be gdéf nedvias50-héocpred Buttce®thetthe sk §0dlantl 66423 aitel c@Bmpleiref Viks prbeiding
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respective s I nput term 46 ‘be an one-fourth this
pr edet evias fepropido pagatiion bdiwensircpectiAs imiioexaigdrad4ahd ihesptarvegoimigpl i f it

is.assuned.th e signal edge rate i.s 80 ps gnd the pr atjan speed is
on€ T nchd 15%416 @t&}l B?s,Psr?%éﬁ@ﬁ?ﬁ&%md&fa@r%aﬁ@ﬁ%}ﬁ@&ﬁ&éﬁﬁ@ﬁﬁﬁﬁﬁ%ﬁg PAris 0.5
i nches, ;3Rfrd N1.d8RLEEH thd WbhitPOr MBRDUT RAAINMISIS nPMBHAURE IBEhbr ki s val ue

or 1/8 inch. In general, the test signals in high-speed testing of packaged
devi cescqadionaty thre mamyeteledd elexyh tvatvegratigedoseribed abedws t han 200 ps, which
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1 vias that interconnect different layers of the connecter board. In this approach, resistive material
is plated on both surfaces and into the via, then the material is removed from the surfaces (e.g.,
by abrasion), leaving the resistive material only in the vias. It is preferable to make such
resistive vias before the conventional non-resistive vias are drilled, so that those vias receive
good copper plating. Also the resistive vias are masked off during the later plating of the non-
20 resistive vias, so that the resistive vias are not plated over with copper. It will be appreciated
that using resistive vias may provide for even shorter paths between the etch 32 and each DUT
signal terminal.
Figures 9(a) and 9(b) illustrate improvements in signal quality that can be obtained using
a configuration of the type described herein. These results were obtained by computer
25 simulation of circuit models, and represent so-called "eye diagrams" of signals at the respective
terminals of eight DUTSs receiving a single high-speed test signal. The numbers on the
waveforms in these figures correspond to the position of the DUTs 12 in the chain (see Figure

4). Figure 9(a) shows the cye diagrams for such signals for a configuration similar to that of

Figures 3 and 4 but lacking the embedded series isolation resistors 34 (i.c., the etch 32 is directly



the vicinity of a DUT 12 which shows the use of the enbedded isol ation
resistors 34. In both these figures, the snmall solid rectangl es represent

t he i sol avDaniwkasiecst ors 34, and the |arger circles represents2aionouagh vi as
such as the first vias 50 discussed above (although these nmay al so include
vi as meki ng connections to power or ground or to other signal term nals of
the DUT 12). The smaller circles represent the "blind" vias 56 that connect
each isolation resistor 34 to the respective DUT signal term nal 46.The

| ayouts in Figures 7 and 8 are exanples for a specific type of DUT 12,
nanel y eonbBBR3] wehd copmitive srmmeharepchkdeVilcld) whigote %) shogwan eye diggearafer has an

| /O term pal acin f Q.8.. i re 7,sh rtipons of..six colums 60
of i as s RienR e’ e rlnd LREhe Lo e s frilY el G RuteetLEeRY Thoce ar e
t he DUTis¥iaf&n rekis®rs 34. he DUT terminals 46 lie directly above the vias 50, 56

of the colums 60. O her through vias 50 not in the colums 60 (e.g., vias
50-1 at | ef t ThanveullamaBiy-of ajsignal repretratodae an eyrediggipmset §ingenofiheisigs-of) are

ex l e f Vi rovidi G i ] n.r i t.es i gnal
1 2tos Be okt AR A ARG, QP8 nd SR REPEERL M hES S
shown i forfk@by the tesOmethbd aMidresopefiap écticttéefor Bethalimanrione st #ilbbe Shervéiehabl i nd

vias 56 provide connections, between a respective isolation resistor 34 and
a r espetesigaals §t Fighis O @eoppin pgnifigant noise, py wheetpbidhemarsy donsd eye pdisrpe
appfedé’&ﬁ% LY wh RS FioiR! AbY, ORich@RhdhMkh acadrhBiide
vicinity o r%ﬂélt%{%%gsrérlﬁxﬁalls tgg%n%%’ %ﬂlz%%t h% tI elﬁcgt% é‘ cggeﬂ%e%c%nhlgétglaons to
t he mai kvds eind inedtiopad kighastg istegnabl Fagirde@shovedignbfoast relttibeirt he above
déicrip i on spows.the use of anar  or. horizonLaI enbedded i sol ati on

r

i st opY1Zental ppening as wellas signihisani Spdustien n Yraiqal ereginedl ey Py epRrtHy be
formed ygufR#. iryl?awiétuyrnnyﬁ@& tﬁé’ﬁéndlé"&fﬁﬂ?ﬁ@ Deg bxtdbit B%igaam#m% Srefbr t he

connecter board. 1n this approach, resistive material is plated on both
sur f acethamnuk-fivarer thheignilampliteds. atvfonsigenl nambersS the novet appoashtimgosdrdfaces

br of of al &) AR ey R VsSiarr oF Gst e e E Pl s e 8 1T 1S
non- r esihgh bN@qudres thakigndirdnkdlRelic 450 it fiic dabQSM the &lcF ETRLYENH 0OWsCARRET
pl ating. Also the resistive vias are masked off during the later plating of
t H& nonyisegl amplyde. Thus, the use of the series isolation resistors has reduced noise by one-half or
more over an otherwise similar test channel.
While various embodiments of the invention have been particularly shown and
described, it will be understood by those skilled in the art that various changes in form and
details may be made therein without departing from the spirit and scope of the invention as
20 defined by the appended claims.
For example, in different embodiments is may be desirable to either utilize or refrain
from utilizing so-called "trimming" for accuracy of the resistance values of the embedded series
isolation resistors 38. In many applications, it may be that the resistors 38 as formed by the
etch/deposition process are sufficiently accurate to achieve desired results, and in such cases no
25 separate trimming operation would be necessary. In other applications it may be desired to

employ a trimming process to bring cach resistor 38 closer to a desired value. Such trimming

techniques are generally known and not elaborated here.
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vias, so that the resistive vias are not plated over with copper. It wll
be appreciated that using resistive vias may provide for even shorter paths
bet ween twe 2etich7%2 and each DUT signal termnal. FiguresTASa)ioaet2®(b)
illustrate inprovenents in signal quality that can be obtained using a
configuration of the type described herein. These results were obtained by
conputer sinulation of circuit nodels, and represent so-called "eye

di agrans” of signals at the respective termnals of eight DUTs receiving a
singl e hi gh-speed test signal. The nunbers on the waveforns in these
figures corrksipohdbd wiedibaigbs sdrico mobtion hesisDUT 4 412 distinettfeonehaid magdeasdd gur e

) LI AR SRR G S P TR S R B S se R 2 on

i sol ati At hepbStoahsd SfitheiDErs 1IX he etch 32 is directlyconnected to the
respective terminal of each DUT 12). Figure 9(b) shows an eye diagram for

such si gnal sThafeehnigisfis @wla&ed@ﬁumdl{v@th RAYS iEipgiticelgr & AHEs. duf thesaudi ng t he
dd
» ep?esggi i&l n?l?e Ar?&llfi p!g?erllalie t%ht 1{ A ﬁ%e%l%e(% ;E glfeF{yﬁ%sl Sfﬁjztgjgg %/%{ergﬁt 1?{)/ % cal

and hor tonthﬁlﬁead:st ggﬁm mQSngtaé msrswmtlkb NDars/ @ml apprl@sleﬂ oe)cxadt nhhtbelegmaUTd(e
pattern formed by the test nethod. Nbr e opening. is better for

di mensi #ien by sjiglq teeigpbwilRe fupgionaie nélm@ﬁra?fsvarlﬁblpﬁ @@r\@ll@ea?e E@H@dal n
signifi the nore cl osed eye pattern, conpared to
t he si gﬁgpisﬂéggﬁmﬁxﬁlﬁﬁlé &Eélg Q%Obymﬁn ch exhibit much cl eaner separation of
vol t age | eveWdilafdudsI3i amddtmrght oigsit gatthi n@h|3atfatrnsad islatifély lme sBigh) pagthows

signi fi ant ori zont as significant.
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greater than one-quarter the signal anplitu and for signal nunber 5 the
noi se i sgeghprieathpngicnetvati¢parthess Siogntak smmﬂcs tesgeibedHamrein e poisgblgivgthim

Fi gure g%%% tgglnoi%g gqplntu es are nmuch |ower, |ess than one-quarter the
si gnal e Qa T AR AT 4o# ™ ses on the order of one-tenth or Iess of the
signal anplitude. Thus, the use of the series isolation resistors has
reduced noi se by one-half or
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nore over an otherwi se simlar test channel. Wile various enbodi nents of
the invention have been particularly shown and described, it wll be

under st oostoliwvhese skilled in the art that various chamgeaszenofoorse and
details may be made therein without departing fromthe spirit and scope of
the invention as defined by the appended clains. For exanple, in different
enbodi nents is may be desirable to either utilize or refrain fromutilizing
so-called "trinm ng" for accuracy of the resistance val ues of the enbedded
series isolation resistors 38. In nmany applications, it may be that the
resistors 38 as forned by the etch/ §&gdsiSti on process are sufficiently
accuratg, gﬁ Fhle e desired results, and in such cases no separate trimm ng
operati &’ JrPd e necessary. In ot her applications it nay be desired to
enploy a trinmng process to bring each resistor 38 closer to a desired

val ue. Such trimm ng techni ques are generally known and not el aborated
her e. | t 1.shgomatedéeshestugnananh fir highespsed fcating Cé@p@hagmnregw@coﬁcyltsw)dﬁ@cm sti nct

from a@a%Pﬁ%n aged l%sc?e(é/lc%l §ch&{1 V\ﬁ Eeli]m%ndWcttoFRyg d at]%aiégg rg\ga}lné mec %%M s such

as protec ircuitry ARG YEST St or ormed on the
DUTs 12m0iﬁ|itﬁlgt(ff@hcﬂlb)qelﬁiall cﬁ)ndml@hpﬁ)emeasmtﬁ)ﬁdhmﬂm tSE)BAM:‘nal ¢onpédtioncul ar as
DUTs, but those skilled |n the art wl| appreC|ate that it can be used with
ot her tipsidingr resppetivgitgnal mputltgmﬁ@aéélﬁﬂpép%iag%%ar@ltﬁe@%ct@cs rﬁézrrgmalﬂsng t he

DUTs. Al so, Afas@p%aghe;f%ﬂ%ﬁpﬁi a&@w en fea 4G n&m@&ﬁ%ml gﬁg@g [4 R, by a

single test signa unctl nber of w || not
be IiniMgmﬂMthnenspbﬁkhdcm&hamﬂkg$ddC&GMS@ednabGmEMgM%hwengaggmés 3 and 4
m ght su %est ge tch 32 fornms a relatively long single path along
mhlch afrfo fﬁ@t $f Wnsr ¢y ed in serial fashion, in alternative

enbodi ment s 4 {onc8ibholtf cHRBIuT Q0o ki By §hd a@mléa@ U6 hdt M thEpRRASHENT
with signal routing requirenents and good signal integrity practice. Qher

depar t uledeviigeorthe bantastrs bpdriddevide s charbeieristie seinal raeprgplomsipbéd thei dohiaptet he
scope O{)oarg anr?é/ £ Q%ﬁa I‘?rar(flssrnl(s:mon agﬁe(ljlfrﬁ:llul\(/i?ng (1) an electrical contact at which the

clectrical test signal is received, (2) conductive etch extending from the electrical contact to a
plurality of isolation areas, each isolation area being adjacent to the signal input terminal of a
respective one of the packaged IC devices, and (3) a plurality of embedded series isolation
resistors each formed within the contacter board at a respective isolation area and being
connected between the conductive etch and the adjacent signal input terminal, wherein a
predetermined propagation dimension is defined as the product of the signal transition time of
the electrical test signal and the signal propagation speed of the contacter board, and wherein for
each isolation area the length of a respective signal path from the conductive etch to the
isolation resistor, through the isolation resistor and then to the signal input terminal is less than

one-fourth the predetermined propagation dimension.

2. Automated test equipment according to claim 1, wherein each of the series isolation resistors
includes a portion of a planar resistor layer formed as an inner layer of the contacter board, the
portion extending across a gap between respective ends of segments of conductive etch

contacting the portion.
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VWhat is clainmed is: 1. Automated test equi pnment for high-speed testing of
packaged integrated circuit (1C) devices, each packaged |C device including
a sem comoeboviibGsand a package provi di ng nmechani cal meomtuse@oob74and
external connections for the sem conductor IC, the external connections

i ncluding a respective signal input term nal having package parasitic
reactance, conprising: a tester channel circuit operative to generate an

el ectrical test signal to be applied to the signal input term nal of each
of the packaged I1Cs, the electrical test signal having a signal transition
time | essAuthmate@ GOt priipnaant a@ouling @afam 1hwheaincanh bhihe ectics asobriics resipyes cal
and electrical contact, with the packaged I C devices,,.the contacter board
i ng. 8 R TP L FHa A s s S B R S SRR Kt E PR T ar g

havi ng @ msb@8doatd, st SdiveRiChanmab rdsiek e fardal didpoddy Rltgakikd wal contact at
which the electrical test signal is received, (2) conductive etch extending
fromthe electrical contact to a plurality of isolation areas, each

i sol ati@n i dj t 1 Fgn i npu i of spective
one. of TRl TS AThACRIbR: LR, 5 AR | B0 bl R E B Bise Br 187 e

i sol at i gofics BSlaBibfSisRACIO bR do Wirdduttiord dfaotse Phaled egnabeadsthi&ioncha@spect i ve
i solation area and bej ng connected between the conductive etch. and the

adj acenbY ¥ilgpsaone-haMrelatieg o antheryise idspficad sighdl depapissipe shannel Jading the

di mensi gni.l 8.6kl pedids the product of the signal transition time of the

el ectrical test signal and the signal propagation speed of the contacter
board, and wherein for each isolation area the length of a respective

si gnal gath fromthe conductive etch tﬂgthe i sol ation resistor, through the

i sol at i oY SHEE it SHPRFEACLERG 28Y GhelPmsnlpi* F‘i‘?inrfi{? conduplinescighyisn

one- f OUfehRinkfag aPERAGH B TERHN RARKHUBS HAGInE L FRASARE eqil oK FiERfigd t est
equi pnent according to'claim1, wherein each of the series isolation

resi st omgpcdanske wlids cangustive onh efid assqlistedloadseatiaghadrto Khwyconddctivereidh.dbe an i nner
| ayer of th

ass%mag[ﬁcgg)g%s? ﬁlélgglﬁggl%aegs%g)l?st igglﬁtg%%{e%igtgrsg%ﬂé nedli)arégagae%gr%%l%c?ea%%gceboeft e en

respectiv
signal input terminal of each packaged IC device connected to the conductive etch.

6. Automated test equipment according to any of claims 1 to 5, wherein the resistance of the

series isolation resistors is less than 50 ohms.

7. Automated test equipment according to any of claims 1 to 6, wherein at least some of the

series isolation resistors have unequal resistance values.

8. Automated test equipment according to claim 7, wherein the resistance of those series
isolation resistors located closer to the electrical contact at which the electrical test signal is
received is greater than resistance of those series isolation resistors located farther from the

clectrical contact at which the clectrical test signal is received.

9. Automated test equipment according to any of claims 1 to &, wherein the conductive etch is

routed along a linear path interconnecting all the isolation areas.
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contacting the portion.3. Automated test equi pnment according to claim1,
wherein each of the series isolation resistors is formed vertically within
a respectwoeoredrssi ve via i nterconnecting different | aperarsedionbr2o
connecter board, each resistive via including resistive material disposed
within the via. 4. Automated test equi pnent according to any of clains 1 to
3, wherein the presence of the series isolation resistors contributes to a
reducti on of noise on the signal transm ssion channel by at |east one-half
relative to an otherw se identical signal transm ssion channel |acking the
seri es 1Gdiwemand feelsigeiporest adgordingt tormy etcltiest! teQuivheremtthassrios dolatjon o any of
clainmse 1 to 4, wherein the conductive etch is term nated at one.end by a
Cer m nal o e POisfa) PRa AR LG AV ERE el f B aR e e Bt 0RS iledance of
t he conguigtahdeyBics Bvansitiassashai-adlueopds: tailcaciifsing procg. conducti ve etch,
the associated | oads including the series isolation resistors and the
package parasitic reactance of the signal input term nal of each packaged

| C devi connect the.con tive.. t ed. L nt
accor di g *f SRS 8farttal (S i RIENELUSRARE ShvacRae AU CHRE St SRbC FRNBERC

i sol at i eieh hekiagéDICSddviceligdsdihhiasentiCor@ine®r 17 andAUpaeRBdegdotidisf nexdhtingoaent
according to any of clains 1 to 6, wherein at | east sonme of the series

i sol at i BRURtE o ppd extRaglconpedany fof dsiseminaduciey)iyedie cxternal §iReRtons t est

equi preptAGS AN HAGiveQidha PPt fernRAhEYiRe HA& @I%l @G gtce HIORBhIFEdaeS
isolationure igiggsllogg?ehﬂ%lgéer to E%g ea%c E%Eal 66nfgbt a} mgéch t he
el ect ri estingiedtidiag grealse bBarr demiicad tbsi Sggut ealteeapplitthto thes st apoeteghinblhdse

series isplation resistors |ocated farther.fromthe el ectrical contact at
Whi ch ¢ FEner BEdRPERRd Rootes oghisr! P sieapldiaving @ e rein s s prent
accor di pg cbRp@iyg:of claims 1 to 8, wherein the conductive etch is routed

along a linear path interconnecting all the isolation areas.10. Autonated
test equi presiectaet ovrdiatgcandiganey tofmalkd pliyssaliant glegtricaleonticrvitihthe paekaged

i sol ati resistqrs are configured to be trimred in a trinmmng process to
provideﬁgg?gm%é@ﬁrate final resistance values over initial resistance

val ues pri ora §igndl hendnfiks13H (AN @BRSng (1) an electrical contact at which the electrical
test signal is received, (2) conductive etch extending from the electrical contact to a plurality of
isolation areas, each isolation area being adjacent to the signal input terminal of a respective one
of the packaged IC devices, and (3) a plurality of embedded series isolation resistors cach
formed within the contacter board at a respective isolation arca and being connected between
the conductive ctch and the adjacent signal input terminal, wherein the contacter board has a
characteristic signal propagation speed and a predetermined propagation dimension is defined as
the product of the signal transition time of the electrical test signal and the signal propagation
speed of the contacter board, and wherein for each isolation area the length of a respective signal
path from the conductive etch through the isolation resistor to the signal input terminal is less

than one-fourth the predetermined propagation dimension.

12. A contacter board according to claim 11, wherein each of the series isolation resistors
includes a portion of a planar resistor layer formed as an inner layer of the contacter board, the
portion extending across a gap between respective ends of segments of conductive etch

contacting the portion.
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11. A contacter board for use in high-speed testing of packaged integrated
circuit (1C devices, each packaged | C device including a sem conductor |IC
and a packeagelopraesssdi ng mechani cal mounting of and ext eroalusecanmenizé ons for
t he sem conductor 1 C, the external connections including a respective
signal input term nal having package parasitic reactance, the high-speed
testing including the use of an electrical test signal to be applied to the
signal input termnal of each of the packaged ICs, the electrical test
signal having a signal transition tinme |ess than 200 ps, conprising:

el ectrical contacts configured to make physical and electrical contact wth
t he pac a SI trans n including (1) an
clectri Lot copiritoouf SR e oy b AR R AT Safarohon BERITER 7 5
conduct fov@e®t&ticaxtvanth Deshspive tRRHGE Giatiftkieahnce@d @tbrechOlagerPbtthal i ty of

i sol ation areas, each isolation area being adjacent to the signal input

t er m natonggcter hoggbé@hresesttm alaghclpdiag patkagawtcrid depseksithigmp (18) a
plurality of enbedded series isolation resistors each formed within the
contacter board at a respective isolation area and bei ng connected between
t he contlet toreacedr bbardnckdriigg aingedBlairBd PNl 13i RAtkinttRE plckdlkce ofdhe k@i t he
contacter hoard has a characterjistic S|gnal ropa?atlon speed and a

pr edet ewﬁliaﬂ@ar%hswﬁw&frmwsm PR 9 §0tféPP Mschigel Ha i Eaennst bY #e si gnal
transit %eQé? ohb WBf Pllath 8o ngé) Gt geﬁi et%t,\ﬁ§lt51 ﬁlsnﬁégﬂ)ntcﬁglm%l BPahe H{e%%%at ion

speed of the contacter erern or each 1 ation-area the

| engt h Bblation esip@Ct | ve signal path fromthe conductive etch through the
isolation resistor to the signal input terminal is |ess than one-fourth the
predeterm ned propagation di mension. 12. A contacter board according to

claim 15 Afsfid b@ﬁﬁac&frdlhgeo ﬁ@rdf%lmm t%t1'40@h€1%§1'tﬁé MrRlubifie!dgdgs a portion
of a planar resistor |ayer forméd as an inner |ayer of the contacter board,

t he por tciromatest aeendi ang ba@rtcmsn@logawwhmml arr@sqcb@mt equal érmlseffﬂ:tl‘sﬁeg ments of
conductive etch ont a n r ard ac ding to
crai m 12 B ARAR PO R R e A B GRN BE G eo PR BER RS

associated loads including the series isolation resistors and the package parasitic reactance of

the signal input terminal of each packaged IC device connected to the conductive etch.

16. A contacter board according to any of claims 11 to 15, wherein the resistance of the series

isolation resistors is less than 50 ohms.

17. A contacter board according to any of claims 11 to 16, wherein at least some of the series

isolation resistors have unequal resistance values.

18. A contacter board according to claim 17, wherein the resistance of those series isolation
resistors located closer to the electrical contact at which the electrical test signal is received is
greater than resistance of those series isolation resistors located farther from the electrical

contact at which the clectrical test signal is received.

19. A contacter board according to any of claims 11 to 18, wherein the conductive etch is routed

along a linear path interconnecting all the isolation areas.
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formed vertically within a respective resistive via interconnecting
different layers of the connecter board, each resistive via including

resi sti vewoabavitadesdi sposed within the via. 14. A cont aecerusbamane4aecor di ng
to any of clainms 11 to 13, wherein the presence of the series isolation
resistors contributes to a reduction of noise on the signal transm ssion
channel by at |east one-half relative to an otherw se identical signal
transm ssion channel |acking the series isolation resistors. 15. A
contacter board according to any of clainms 11 to 14, wherein the conductive
etch is termnated at one end by a term nation resistor having a resistance

equal t n effective i dance of. t he ctive. etch and soci at ed | oads
o e het Bhede R b b ey A Al E RS R hE R R aBRRE Rl ey o

i sol at i 98 cb@Fdusddto e FMEmbh e PRHKAGG PRSYeaSh bk idaasl-atafat finhinesisthipdal i nput
term nal of each packaged | C device connected to the conductive etch. 16. A

cont act elugseaedingietssidianes Yadueamyionto the Winysing pracessi5, wherein the resi stance
of the series isolation resistors is |less than 50 ohns. 17. A contacter
board according to any of clainms 11 to 16, wherein at |east sone of the
series isolation resistors have unequal resistance values. 18. A contacter
board according to claim 17, wherein the resistance of those series
isolation resistors |located closer to the electrical contact at which the
electrical test signal is received is greater than resistance of those
series isolation resistors |ocated farther fromthe electrical contact at
which the electrical test signal is received. 19. A contacter board
according to any of clainms 11 to 18, wherein the conductive etch is routed
along a linear path interconnecting all the isolation areas.20. A contacter
board according to any of clains 11 to 19, wherein the series isolation
resistors are configured to be trinmmed in a trimmng process to provide
nore accurate final resistance values over initial resistance values prior
to the trinmmng process.
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