AUTOMATED TEST EQUIPMENT EMPLOYING TEST SIGNAL TRANSMISSION CHANNEL WITH
EMBEDDED SERIES ISOLATION RESISTORS SUMMARY In the testing of electronic devices
such as semiconductor memories, it can be desirable to use a single automated test equipment (ATE)
signal channel to drive a relatively large number 50f "loads" (terminals of devices under test (DUTS)).
The parasitic capacitance of the package and die of the memory devices can cause reflections on
signal transmission etch that create poor signal quality and prevent proper test functionality. As test
speeds get higher and higher in frequency (e.g. 1.33Gb/s) the signal quality may get further degraded
by the reflections. To address this problem, a series resistor can be placed at the input terminal of

each DUT to L&%M%@d?ﬁ@g;%@% PP Eﬁﬁ%@%ﬁ%‘ﬁ%ﬁ%@ﬁﬁ%ﬁ%&%@%&%ﬁ&@ surface

mount resistors may not work eftectively, because they are relatively large and necessarily placed
relatively far from the GANNEY PIHEHdaMEHEd BidDERIEIS (HnyTHONRIEPSEQBffections. 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 15little or no DC
current flow in these resistors and therefore miblaAMAREr dissipation, they can be very small and fit

into a pinout patigg & d; RAlIL ALTRY B REALAT RS HADL R AGHIDLRILE S TS (eslggsithe

reflections to the point where a single tester channel can drive several DUT loads, for example an
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DUJ'S in parglieldofia-diveR _ém%whh%ﬁ&&h@ﬁ .aﬁ%@%ﬁa%%m% adRelicing tnsgsamig@ testing
costs in volume testing applications. BRIEF DESCRIPTION OF THE DRAWINGS Thetoregoing

and otheragBjdietsf fhamparoandexivsa tagayskite BecHpipiars ntgre hiranenislidon stFld B eptRsh RSB articular
embOdim@@ﬁtpcﬁﬁgﬁmi@%ﬁ%%ﬁﬁy@ﬁ%ﬁbmﬁality. As test speeds get higher and higher in
” frequency (e.g. 1.33Gb/s) the signal quality may get further degraded by the reflections. To
address this problem, a series resistor can be placed at the input terminal of each DUT to isolate
10 the loading effects from each load. However, using common discrete 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 (e.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.
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25accompanying 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. Figure 1 is a block diagram of an
integrated circuit test system; Figure 2 is block diagram showing connections to a plurality of
devices under test (DUTSs); Figure 3 is a schematic diagram of a test signal transmission channel on a
contactor 5board; Figure 4 is a layout diagram depicting a physical layout for a test signal
transmission channel; Figures 5(a) and 5(b) are depictions of a manner of forming an isolation

resistor; Figure GigiReSChemaic @R nipsiohebarathifiamaraintest signal etch to an individual
terminal of a DUT; Figure 7 is a layout view of a portion of a contactor board for contacting DUTSs,

showing the usefoFEfmbETRIatK SHETHH YusEns sOmgeHans 18 a rivabity SRAEYISH ApstsiisH of the
contactor dgpnaxdyof Figure 7; and Figures 9(a) and 9(b) are waveform diagrams of test signals. 15

DETAILED DESCRIPTION Lo . .
Figure 3 is a schematic diagram of a test signal transmission channel on a contactor

5 board,
Figure 4 is a layout diagram depicting a physical layout for a test signal transmission
channel;
Figures 5(a) and 5(b) are depictions of a manner of forming an isolation resistor;
Figure 6 is a schematic representation of a path from a main test signal etch to an
0 individual terminal of a DUT;

Figure 7 is a layout view of a portion of a contactor board for contacting DUTs, showing
the use of embedded isolation resistors;
Figure 8 is a close-up view of a portion of the contactor 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 contactor boards (or contactor
25 boards) 24, an interposer 26, and support circuitry (SUPP CKT) 28. The DUTs 12 are in
physical and electrical 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.



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 (DUTSs) 12. The
tester system 10 includes a test head 14, support equipment (SUPP EQUIP) 16 20and 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, DUTSaUaRaN BORES (A foniastor 38098rHe) 24 a1 niereaton 30 g gygpor cruiy

(SUPP CKT) 28. The DUTs 12 are | ysic electrical contact e contactor ds 24,
such as fépeskdasbogoylplacanpdiseiivm tintbe AED dRcaid 1) EoERdt82dvardtei the andrazsdeshoards

24. Each g&qmg%ﬁé&%ugsﬁﬁ& B OTRe RLeheaReLE S icatneanh ohbialdsgEes a

single high-speed test signal. Under control of the support circuitry 28, the TCCs o TCCM
22 generatécHigiBpéctndeenndiginalbdaraghlidatime eontrasligmts the intexponer PCOM Arladvareceives

and samples signais ganaraled b kT danlhs signals Ate cartismhby Bigegerections provided

by the interposer 26 and contactor boards 24. In one embodiment, the interposer 26 may include a
Splurality @Méedsidiceadied with suitable connectors on each end to connect to the TCCs 22 and

contactor board%‘ﬁé‘DUTsTﬁeanﬂIélége&ﬁﬁt@@%@&&%iﬁﬁﬂfﬁf&iﬁﬁ&%ﬁéﬁ?ﬂﬂ%ﬁiﬁ?ﬁaé&é&@dﬂf@t each

packaged IC device includes a semiconductor IC and a package providing both mechanical mounting

and exterfieiiesifdedrsrissranigna dusioickn and opackaghprenishing hesh medeanisel periis ikndude plastic
and ceranigas eI KRV LI At L6 e G ARINGASHARS IRG wile aignal ipRHIderminals

each exhibiting package parasitic reactance - small amounts of capacitance and inductance
assbciatedl #iith e CoHAEHE RS MHOexifdhtcthindiesdernabesanestions clydesignaldpeyt high

testing speefmibisPREKRBRARBTARIKLLEARIARGE CARALECERIgN ah AN rRApke Rl Ghad be taken

into consideration from a signal integrity perspective. 15Figure 2 shows a Io?lcal or functional view of
the conndifiBriaserivexsiatpg wighcherpypection from the exterior terminal to an I/O pad of the IC. At

sufficiently high testing speeds, this package parasitic reactance can affect signal quality, and so
it should be taken into consideration from a signal integrity perspective.

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 DUTSs 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.e., external devices drive address and

20 control signals into the SDRAMSs 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 each set of control
and data test signals CNTL n, DATA n is specific to only a corresponding single DUT 12 (i.e.,
DATA 1 is specific to DUT 12-1, etc.).

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

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



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.e., external devices drive address and 20control 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

arrangemggh & LsstHanale aaiRPale do BRiREAAHIBES AL WAk GPRMRLPRGPAL A N for the
data to/from each DUT 12. 25The address test signals ADDR are supplied to each of the DUTs 12,

whereas PAtFs détdf St sermtnata yadesipmansicn vf the eoatral sigsalpeditiis rereHi) epseiviesponding
single DUbtoliéh Gor DRIy 1eRiSPREHIGIRPHI heivht 8 the casBHHRAR IESIDI AN GHHIPBe the DUTS 12

are tested simultaneously in a parallel testing operation. In any given signaling interval, all the DUTs
12 receivitlid LorRHadrOsORly imrnaHetmarabel peupte rhmials Hdsothd eugsToruiErdslt data can

be gvrittenferaisradfERINBR RV Sl MRt OotRitS IR s SIS iR s aniroLat thercppbiglpignals.
This parallel operation provides for greater testing efficiency than mclr%% be the case if the DUTs 12

could on§B% RiddISegiratrianle b ing inpaseiblaimnartfiesanse thbrahiliviadbare, setbver, as

parallel Sgperaticgencsphisniaiisna ararr PUTYaRRIRIBsLRNCRUSY Geceialedissisignals. For
certain types of DUTSs, greater parallel testing is possible in part because of the ability to share signals

(such as GHB8!E SRy ERI s Fgtsfemls 1t} DHtsd Hirtrsrdopnitiigament, the
single set@ffafeiesDigstIdgnadsimphared amongal henRVasokd saihiar thansutiizingnang set for

each DUT 12 for example. By sharing test signals among several DUTs 12, a reduced Onumber of
tester chAHARE CAA°BET eatel1aap Rgweh Hurbesbrn irreben oE R ARcIng vttty .

Notwithsigffidisgethe above, a given test signal generally cannot be shared with an arbitrarily large
number of DUTs 12. Modern devices operate at very high-speeds and require test signals having

signaling rates O/PTRABYARIIBE IhERYO i RiGHER Wit igahaenaially spunghbe shared with an

arbitrarily large number of DUTs 12. Modern devices operate at very high-speeds and require
test signals having signaling rates on the order of 1 Gb/s or higher, and "edge rates" or signal

15 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 "AQ". The circuitry is included on the contactor 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



15transition 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
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of channé€ls for parallel testing operation. Figure 3 shows an arrangement that cdn be utilized to
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given number of DUTs 12 in parallel. As an"example with reference to Figure 2, this circuitry would
preferablyddac g8srditforash lebibtedAbH vl e e orspsstizeseitpidse A ResRtsks fihg-adhi to Figure 3,
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conductor/terminal of the interposer 26 (Figure 1) is 5connected. Conductive etch 32 (having
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a high-speed signal transmission channel that conveys the high-speed test signal to all the DUTs 12.

Thé etch B2thé esiRtivatarsdanie ehthegtehidZandanspciasitiordsohe siiellstance preferably is

ggose” to be eqpalinyaluaiaihg eliegtyednneeRpas bR S REANG asIoed /0ads on the etch
' corresponding DUT 12, in particular as close as possible to the specific terminal (e.g., A0) of the

corresponding DUT 12. Additionally, given the high counts and close spacing of the terminals
of modern DUTs 12, it is important that the series isolation resistors 34 be as small as possible.

15 For this reason, they are preferably formed as so-called "embedded" resistors, which may be
realized for example as very small sections of resistive material formed on inner layers of the
contactor 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 DUTs 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 located as close as possible to the corresponding DUT
12, in particular as close as possible to the specific terminal (e.g., AO) of the corresponding DUT 12.
Additionally, given the high counts and close spacing of the terminals of modern DUTs 12, it is
important that the series isolation resistors 34 be as small as possible. 15For this reason, they are
preferably formed as so-called "embedded” resistors, which may be realized for example as very small
sections of resistive material formed on inner layers of the contactor board 24 during its fabrication.
More information about embedded resistors is provided below. In one embodiment, embedded
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DUTs 12, significantly increasing the efficiency of parallel testing of a large number of DUTs 12. Figure

4 illustratéstarmedarhpta iﬁp&l@iysr@aﬂ&ﬁidp@lﬁaa@iﬁé@ﬁ@ o# tnssiphetelfewarmimboféns rapectontact 30
is shown Bg;paf% of G ReRARCLE3Pi LN HD8 YA EIROSRIASAEHIGEAO of each DUT 12 such

.0 as shown in Figure 3). A small additional piece of etch connects each isolation area 38 with the
respective terminal. The configuration of the isolation areas 38 is described below with
reference to Figure 6. In the illustrated embodiment, the distance between neighboring 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 more. It will be appreciated that such a length of etch is sufficiently long that effects

15 caused by signal reflections from the DUTs 12 with spacing greater than signal 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 contactor board 24. Although in the simplified view of Figure 4 the isolation areas 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,



51 is connected. The etch 32 is routed in a generally linear fashion on a path past each of eight DUTs
12-1 through 12-8. At each DUT 12, the etch 32 is routed to a respective area 38 (e.g., 38-1, 38-2
etc.), referred to as an "isolation area", where a respective series isolation resistor 34 is formed. Each
isolation area 38 is ideally as close as possible to the terminal of the respective DUT 12 to which the
signal is to be conveyed (e.g., address terminal AO of each DUT 12 such as shown in Figure 3). A
small additional piece of etch connects each isolation area 38 with the respective terminal. The
configuration of the isolation areas 38 is described below with reference to Figure 6. In the illustrated

embodim ; ' twee: ighboring DUTs 12 is in the range of 1-2 inches, and thus the
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spacing gaeggit than signal transition times will cause appreciable noise at signaling rates of 1 Gb/s or
higher. Th C|!‘| in of DUTs 12 will have the summation of reflections (from all of the DUT loads
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resistors ﬁzﬁclfgﬁ*isl% Iestd 22 5Vasinps msistanth pricdsl aadedeirhyingiratesssisygerterathplejitdn the outline
of the resgecliye, RiHAZRNIRGAMAYR A %n@!&?ﬁﬂgmi&tgﬁtéf@pwﬁg%e\@?gvag’f Figure 4 the

isolation areas 38 are shown outside the outlines of the DUTs 12, this is only for ease of illustration
and it will échppreciAliEd thiarmsdars mybirengrhichingvarecsamskpsaiiivgtecsrgggats Adadily permit

the placeginiobshlfieinntly.smal eredsiraaraiins 38 WHIOR Auilines ALINSAY s 12. Specific

examples are provided below This close spacing between the series isolation resistors 34 and

respectivéianss b3 eemien s resisonighty Heekighibngasmaimisapdursaaestisignds glitinptdhigures
5(a) and 3fahfaRiaka BRNEELINWRIEhARLSRIANRR IERISIY 34 DABE: (%%rg)%-ﬁj SN gon area 38
of the contactor board 24. Figure 5(a) shows a plan view while Figure 5(b
resistor 34 to the respective DUT 12 while the other (e.g. 45-b) connects to the main etch 32
15 connected to the contact 30 (Figure 4).
Figure 6 illustrates details of an isolation area 38 and the manner in which the contactor
board 24 provides a connection from the etch 32 to a corresponding terminal 46 of the DUT 12
in one embodiment. The contactor 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 contactor board 24. During
manufacture, the first via 50 is "back-drilled" from the top and/or bottom to remove unnecessary
25 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 each DUT 12.



shows an elevation view. Several circuit board layers are shown, including insulating layers 40 and 41,
a resistor layer 42, and a conductive layer 44. The series isolation resistor 34 is part of the resistor
layer 42. Various resistor materials and formation processes may be employed. In one embodiment
the resistors 34 are formed of metal thin-film material referred to as "nichrome” (NiCr), formed by a
multiple-step etching process. Respective etch segments 45-a and 45-b are formed as part of the
conductive layer 44. The series isolation resistor 34 is formed by a portion of the resistor layer 42
extending across a gap between the ends of the etch segments 45-a and 45-b. It will be appreciated
that one 45-3) 6o ts the resistor. 34 to th ctive DUT 12 while the other
(o0 455 e e BN R T e el e R g
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second vig 56 2589 GaUEC LIS i WERAKENGR COMIAMAG IRVBRAR:? 19 40, AR laver 48-1

One important aspect of the presently disclosed technique is the need for a very short path between
theletch 3ZQASRIPIsSReGteE gl igeTate oY sigaalHearsitifnsinsodlenieht Higmi 2A predriceninvple of

Figure 6, fpis, BaionalslaSi RS 1AL QUIRRE ndieoii: P8R SRIMRLER NG Rolaian resistor 34

the second trace segment 54, and the second via 56. For best performance and acceptably low noise,

it is desirééFtHasahiehegnabrnchitle pgrl propagationsreedsa shansiataptorihasedaisprécintsaitedt in any
particulariggaacinaanto thess isan i irs LRI Apagationshact o panrigasicalsianala\idian

conductive path of the contact board 24. For example, a contactor board 24 may exhibit a
characterl&isBroydgahp rreraei e ricse! Japwctsrm Hr ha desteam enenlopeh dtis psdeansnede inch

pers160 pgrophgaflesisaddnagimum length of each short path between the main etch 32 and the

respective signal terminal 46 of a DUT 12, including vias
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 8 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 termiﬁal 46.



(e.g., 50, 58), traces (e.g., 52 and 56) and the isolation resistor 34, is function of both this propagation
speed and the edge rate or signal transition time of the test signal. A predetermined propagation
dimension can be defined as the product of the signal transition time of the electrical test signal and
the signal propagation speed of the contactor board 24. It is desired that for each isolation area 38, the
length of the short path from the etch 32 through the isolation resistor 34 to the respective signal input
terminal 46 be less than one-fourth this predetermined 15propagation 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, [ i ' ion.is 0.5 in the desjred limit on
path length is or?tei?-%uﬁgratgtr%?%?éﬁ\{%gg %ﬁ%g%?ﬁ#g@%gﬁggg%eﬁ%egp éléﬂgélli iéh?ifrsl%%eéd testing of
packaged-Hakicesmisaoiustonreenuny device Whidhanknedgerr she siidlsss a2 68mimahdristigeoierally
translatesyt ery:ghtJimitati IS ] I8 0 nt
placement S o Qs T o O e e R o
layout of Hidnaeluaye oo kash.cohtaetoe BsdPl/Z4vinsthe.vibmBdTarmingly 26isidirstivabarie use of

(hesembefilefioop b eRaii 4D, NOterathis U'se s eloralidsgaing sadeRsepent the

isolation resistors 34, and the larger circles represent through vias such as the fitstVias 50 discussed

above (althbiiyhntheise PRy lapaceihbstoectitis imakinty 68nnawtioh ieewampleg rd s oraviditkgr signal

terminals gh e R SMAR CHdRAPRIECIINS, BR> VAR ZRLAL SRRERLeae isolation

resistor 34 to the respective D gnal terminal 46. The layouts in Figures 7 and 8 are examples

for a specﬁﬁ@tlﬁypéamr@@mmg,shmméwagy@ﬂ@@&ﬁ@ﬁmimﬁm@twﬁh Heeldisn in the
art has an,1164ermnal Shaeieh R Qe&JEHHaEé@ﬁé&i%éﬂemﬁ&%@ﬂér%%%&g'ﬁé%éétﬁ}% pinigsprranged

as two sets 60-1, 60-2 of three columns 60 each. These are the DUT vias, i.e., the DUT terminals 46

lie-Birectiy@Bbihe SR JidsBonshese thegamnmines beappeciniksLtrrampeciyths ibdlaisiamns 60

(€.9., viagQfdrs 34 are placed in the vicinity of the DUT terminals to minimize the lengths of the
connections to the main etch 32 of each test signal as described above.
While the above description shows the use of planar or horizontal embedded isolation
resistors 34, in an alternative approach the isolation resistors may be formed vertically within
15 vias that interconnect different layers of the contactor 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 eye diagrams for such signals for a configuration similar to that of

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



at left and vias 50-2 located between the two sets 60-1 and 60-2) are examples of vias providing
connections between respective test signal traces such as etch 32 (presumed to be routed on another
layer and not shown in Figure 7 or 8) and a respective isolation resistor 34. The blind vias 56 provide
connections between a respective isolation resistor 34 and a respective terminal 46 of the DUT 12.
From these diagrams it can be appreciated how compactly the isolation resistors 34 are placed in the
vicinity of the DUT terminals to minimize the lengths of the connections to the main etch 32 of each
test signal as described above. While the above description shows the use of planar or horizontal
embedded spigfign aRISars it AR AliciPalive ARPACHNG [SpiAan (Rels it Anakhedarmed
vertically within I5vias that'interconnect different ayers of th& contactor board 1R thi approach,
resistive riatesighid pimtechohduotheuiiachstadid iguwethbanid 4thetutheg tiatendicikdedmeriesd from the
surfaces ﬁ?oﬁla ; % I%erﬁ&igg)h 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. Alse everadsistivey vibssigrahrapiksdntfi du Amgythdidgrempindifignofithe hithe-s2@sasistive

vias, so tht Ué?tirc%?iﬁa’ ﬁo‘{i%én%?o g%@'ggg&e%% im)%?hn%?zﬁggsgwe%ﬁ?z@@?%l%&?ed%g%%%gipg resistive

i
vias may provide for even shorter tween the etc each DUT 'signal
Figures 9fanegitbg (bpithss trath ada plovenpening s digiter iqubiith thaeosintiselobidlibedlrsirvgdithat

configuraliangfiiey PR dlesrapeshsrsiinFiase s Suia Ware RARR Lo el Anpimpiation of

circuit models, and représent so-called "éye diagrams" of signals at the respective te of eight

DUTSs recednngreddmtfie nigialspeasntést dyreaf(hahightrdribiomiish Weansiosensriiionadevfiljeges
corresporidia henastionl NI B2 AE Saidees Bigue i FaHEHaSAGNS the eye

diagrams for such signals for a configuration similarto that'of Figures 3 and 4 but lacking the
emBeddebosiEaty spkiing sewetbis SenifisaniiedugipaniyairediRpesdihettbel arestenpgetive

terminal ofieacoRY Tl 2kElaM &R SNAWS FRIEYE FIAGPSLIUxhibit a noise amplitude greater

than one-quarter the signal amplitude, and for signal number 5 the noise is approaching one-half

the signal amplitude. For the signals in Figure 9(b), the noise amplitudes are much lower, less
than one-quarter the signal amplitude and in some cases on the order of one-tenth or less of the

15 signal amplitude. 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 each resistor 38 closer to a desired value. Such trimming

techniques are generally known and not elaborated here.

- 10-



such signals in a configuration like that of Figures 3 and 4 including the embedded series isolation
resistors 34. The overall quality of a signal represented in an eye diagram is a function of the sizes of
5the vertical and horizontal openings (areas with no signal presence) of the eye-like pattern formed by
the test method. More opening is better for both dimensions. It will be observed that the signals in
Figure 9(a) contain significant noise, as reflected in the more closed eye pattern, compared to the
signals shown in Figure 9(b), which exhibit much cleaner separation of voltage levels and delineation
of signaling intervals. Figure 9(a) shows significant reduction in AOhorizontal opening as well as
O reCuHSJ BElRALRRRI I CLIe EERSOMALesP IR o A G by of e
signals of Figure 9 a% exhibit a noise ampﬂtucfe greater than one-quarter the signal amplitude, and for
signal nugider S/itheonpiskoiet apibeo ashiviceteneciialsuble asigrebetinp fudd iy dingHedsigrasisiarRigure 9(b),
the noisetﬁggB;%;%gsf&ﬁqegw&ﬂh%w%.s than one-quarter the signal amplitude and in some cases

on the order of one-tenth or less of the 15signal amplitude. Thus, the use of the series isolation

resistors has re@@é@thisee_kiy diﬁ%.hh‘aﬂ‘ @W@&Wmﬁg@i@m@m @&T@hhhmplse While
various egibedimaRisaf ihe _AB}{@&EQQ Have bean: RRcHavia YRR A0EHPPC IR f Wil RSbie

understood by those skilled inthe art that various changes in form and details may be made therein

without dépaltredsrbrietats spirinathe S¥ope dflie imvargorrasrpbgetivrthpyiae appbpdedd 2iHims.
For examplg.inAiHeIFNELSOOPQSINERE 52 DAR AR ASFAaRIGEe ORGSR FaIT3R KOMilizing

so-called "trimming"” for accuracy of the resistance values of the embedded series isolation resistors
38. In matytepprsatio ssammteayiseussad #hovesistors 38 as formed by the etch/deposition process are

sufficiently accurgigIiOrRRRIR VL HaSITRELHE SHUS. Rt NRUGDHCAS &AL RSP R LRI RG e ation
would be necessary. In other @[ppllcatlons it may be desired to
.0 along which all the DUTs 12 are arrayed in serial fashion, in alternative embodiments it might

be desired to use other configurations, consistent with signal routing requirements and good
signal integrity practice. Other departures from the specifics described herein are possible within

the scope of the invention as claimed.

-11-



employ a trimming process to bring each resistor 38 closer to a desired value. Such trimming
techniques are generally known and not elaborated here. It should be noted that the series
isolation resistors 34 are distinct from, and may be used either with or without, other circuit elements
such as protection circuitry (including resistors) that may be formed on the DUTs 12. The technique is
disclosed as used with SDRAMSs in particular agpPpisbut those 5 skilled in the art will appreciate that
it can be used with other types of DUTs where it is possible to share test signals among the DUTSs.
Also, in any given application the exact number of DUTs driven by a single test signal will be a function
of a numbgrpfivaraalesiand will not be limited to the specific examples discussed above. While
Figures 3 and 4 might suggest that the etch 32 forms a relatively long single path along which all the
DUTs 12 are arrayed in serial fashion, in alternative embodiments it might be desired to use other

configurations, gQitsintRed \WWEh &igheat fnoHGHaWREIERERI AN G D packaigaahiptaay fragticecPther
departures from the specifics described herejn are possihle wijthin the scope of the invention as

claimed. %Y'ATk1SARMARTEWETICH 9615 AiHARE RERICHRMTIEN forRftA-BREEItRYHY

packageghisdegirte dhedigiting ©F devdceaeaatitoasianrd iordgriceinebidings senipengustasllC and a
package rovidinfgﬁmecﬂﬁnical mounting of and external connections for the semiconductor IC, the

external EBARRERIS AGUHIAG 4 GRAGSHY R IS APH L TST TR A G RS eI B A A8RR RS ctance,

comprisirgmpristhtester channel circuit operative to generate an electrical test signal to be applied to

the signal input terminal of each. of the packaged ICs, the electrical test signal havi ignal
ransiton e AL P RSB HESCHN O LGR AP oL 4 bBIRULFELSU 08 B AR Mectrica

contact wiib shpgldalaueaninslerieash biaiaopiarioed 0asd thaviagtdcaharacigrislinsigingd pigragation
speed, the contactor bi)eard havé%r%a $\%§ﬁ| transmission channel including (1) an electrical contact at
which thd"8BHRRAIMEs §§glnﬁpi Baiad, (2) conductive etch extending from the electrical contact to

a plurality of isolatipntacess beaeh isnifijaredres beikg atjatent tandhelsignedlinguitéetnmingl ahe
respective one of t ackaged IC devices anng a plurality of embedded series isolation resistors
e for RS Lt SN QOB R UAR SR ATAL A NSRS Binween
the conduetivenedcto abobtdehadljarenigighabmsmitseminainaliectidiagfEdaialsvndlponagation
dimension is defined as.the product of the signal fransition time of the electrical test signal and the
Sional prO UG B LA oD LG SRR, L UNUFLIVE 6 B A 191 L (B A of 2
respectiveoatgoiaiopathl irakitytio¢ isoruicotiveRiakath ibeldsolaticea tesisjeidjtuem g the seplatippuesistor
and then to the sigpal input terminal ig less than one-fourth.the pre rmined propagation, dimension.
o Autom S b L BHER LR TS EERRAE b Bt 1 Seh B o e
includes seqiestisolaifon péaistorsestishofoiayed foitmediascantictaTlayer aif thespectiaetisoladiardarie portion
extending APIRSRG ARSI SRRIEPEE AR! SIS SR G RI R RSt e
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 contactor
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 contactor
board, the portion extending across a gap between respective ends of segments of conductive

etch contacting the portion.

3. Automated test equipment according to claim 1, wherein each of the series isolation

resistors is formed vertically within a respective resistive via interconnecting different layers

of the contactor board, each resistive via including resistive material disposed within the via.
-12 -



3. Automated test equipment according to claim 1, wherein each of the series isolation resistors is
formed vertically within a respective resistive via interconnecting different layers of the contactor
board, each resistive via including resistive material disposed within the via. - 12- 4. Automated test
equipment according to claim 1, wherein the presence of the series isolation resistors contributes to a
reduction of noise on the signal transmission channel by at least one-half relative to an otherwise
identical signal transmission channel lacking the series isolation resjstors. 5. Automated test

equipmefit acconiBed st ARSI, FRECEARURiGR B WRSHRITh Hhe PEsERRe &Hd iR &R mination
resistor hayiagon resisitRneerRAYaldOe edtRrlig INPRIRNGE th HigreP haHSHN S Ri¢ bR $sosiated

loads attached to the conductive etch, the associated loads including the series isolation resistors and
the packdstPEIEERE FRIaH0eaBratie UtiChTi iR YgAbiraR RIS B cRag [eckdBgilee SHE cted to
the condygfiygoptedsisordutomated test equipment according to claim 1, wherein the resistance of the
series isolation resistors is less than 50 ohms. 7. Automated test equipment according to claim 1,
wherein at least some of the series isolation resistors have unequal resistance values. 8. Automated

test equipment agaonkng tecstadiuibmemerabedhaigsistangmof thoperseries isolalianivesigtpradocated
closer to the electrical conta{g %t which the electrical te tsi%rial is received is %[eater than resistance
0) [

of those SUBAEN AP EROPY 18 SHBY TR GRS AW A CEP SRS EL A R P& 8EWMRcal test
signal is [egeivede 9f Msouaigctiiasteauipmheasioaieeddivgisoaeiained tovirerethtuetbenetantiveeetch is

routed along a linear path interconnecting all the isolation areas. 10. Automated test equipment
ocordngOGR DN U fe0 e RaRP Ao P20 DA e et RREE Frmming
process thd@siyrideimparecathuibie divhl pesiatRuiCEowivies ovefdoiithtaesistandacviaiesiprior to the

trimming process. 11. A contactor board for use in high-speed testing of packaged integrated circuit
(IC) devices, each packaged IC device including a semiconductor IC and a package providing
mechanigal mouitomakdndsextripalgranneoctding fordhénsemiviasrdinctos lesishmexisiia serections
including.a respective signal input terminal having package parasitic reactance, the high-speed testing
including'?ﬂ!ﬂﬂ@é @F'éW%%éﬂ?%aﬁ}@f@%@Fto be applied to the signal input terminal of each of the
packaged ICs, the electrical test signal having a signal transition time less than 200 ps, comprising:

7. Automated test equipment according to claim 1, 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

electrical contact at which the electrical test signal is received.

9. Automated test equipment according to claim 1, wherein the conductive etch is routed

along a linear path interconnecting all the isolation areas.

10.  Automated test equipment according to claim 1, wherein the series isolation resistors
are configured to be trimmed in a trimming process to provide more accurate final resistance

values over initial resistance values prior to the trimming process.

11. A contactor board for use in high-speed testing of packaged integrated circuit (IC)

devices, each packaged IC device including a semiconductor IC and a package providing

mechanical mounting of and external connections for the semiconductor IC, the external

connections including a respective signal input terminal having package parasitic reactance,
-13-



electrical contacts configured to make physical and electrical contact with the packaged IC devices;
and a signal transmission channel including (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
packagedhinilpvigRedanditd) inalaialitnefsmbeaser aeriastiselatan tesistappRrarkamensghwithin the
contactor, board at a resf[oective isolation area and being connected between the conductive etch and

the adjacBRESIGHAINALRE $aFMATANGRASHEREthE-Colta etEIHE PR IR ABEAistRNEl JrASHIBRagation

speed anghi psedetairi0as HeRpasien dimension is defined as the product of the signal transition
time of the electrjcal test signal and the signal propagation speed of the contactor board, and wherein

for each isolatiot8aE5th S9OSR SPRTELFE e SRIfFaIPYERb AN 8 R Ganiach WHBUdPEthe

isolation pasisigsdechRwigiRakitput terminal is less than one-fourth the predetermined propagation
dimension. 12. A contactor board according to claim 11, wherein each of the serjes isolation resistors

includes a portidr 9N AR PSS 6haDel Fria e A AN SIRSUISO L PO ATE AR SR BIEFY 16Ak portion

extendingeacsRFR b Y AR A1GBNEE) cORpESivE @risabssianaots afcacisiyeriehiaeiattingitpe
portion. éfA contactor board according to claim 11;%%herein each of the series isolation resistors is
ti

formed v @&\?Wﬂhﬂﬁeésreé?ﬁbd%%'?ﬂg R8I RYARREL Y ?fesr’@rqﬂamtotlefﬂa%n%c%r
board, eaekpeesiai e ief il ysticikhgedistvacviatsriahdligasetlivatininothenvtiaddbd. strignigsitaiopoard

ding to claim 1], wh the. f th ies isolation resist tributes t ducti
o noise S8 SGACH TAHERHSILHI e 5 4 IEBRC0 AL PG 0 AR oAl sign

transmissignnettannhiasiingshw sauigi éselationd asistalpicehd shyeanianiotdraand | podwi@ingtihe claim
11, wherein the conduc ivE etch is terminated at.oniend bég .terminaéi(gn re(gistor h vinEWa resistance
equal to aﬂ”é?Fé%'iivB‘%%ﬁge Shcd STATBCTE{IRUC SNt HDECRAIUMY SRERY; 1BaBLSHEIRRE D the

conductiyeop@iatibe dissaciaie loefitseth abidin grivaicesiethéssipiidnraasidtor simedihaaaekairiparasitic
reactance of the signal input terminal of each \A%?clhea&feﬁéc device cgnnﬁcted to the co?ductive etch.
&l t

16. A contattiPBBatd altording' (B8 Rt EUNAGIRE PER e WEHWE SERIABR F4stors is
less thanisd)aolomared thé\ lkogtactdrabespeansokiyngl tpattaifrodl thwheredoahe astisenneughtlieeseries

isolation resistors have uneqyal resistance values. 18. A contactor board according to claim 17,
whorein SEUSRER oL M LDl PO s Yty IR 8 e Do ORI DM At
which theyelparitiahtéshengival is received is greater than resistance of those series isolation resistors
located farther from the electrical contact at which the electrical test signal is received. 19. A contactor

board according to claim 11, wherein the conductive etch is routed along a linear path interconnecting
all the isdlation &reastactor 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 contactor board,
the portion extending across a gap between respective ends of segments of conductive etch

contacting the portion.

13. A contactor board according to claim 11, wherein each of the series isolation resistors
is formed vertically within a respective resistive via interconnecting different layers of the

contactor board, each resistive via including resistive material disposed within the via.

14. A contactor board according to claim 11, wherein the presence of the series isolation
resistors contributes to a reduction of noise on the signal transmission channel by at least one-
half relative to an otherwise identical signal transmission channel lacking the series isolation

resistors.

15. A contactor board according to claim 11, wherein the conductive etch is terminated at
one end by a termination resistor having a resistance equal to an effective impedance of the
-14 -



20. A contactor board according to claim 11, wherein the series isolation resistors are configured to be
trimmed in a trimming process to provide more accurate final resistance values over initial resistance
values prior to the trimming process.

conductive etch and associated loads attached to the conductive etch, the 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 contactor board according to claim 11, wherein the resistance of the series isolation

resistors is less than 50 ohms.

17. A contactor board according to claim 11, wherein at least some of the series isolation

resistors have unequal resistance values.

18. A contactor 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 electrical test signal is received.

19. A contactor board according to claim 11, wherein the conductive etch is routed along

a linear path interconnecting all the isolation areas.
20. A contactor board according to claim 11, wherein the series isolation resistors are

configured to be trimmed in a trimming process to provide more accurate final resistance

values over initial resistance values prior to the trimming process.
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