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to automatic test equipnent for testing sem conductor devices, and nore
particul arl driver having | oss conpensation circuigt for use in a

sem condgé{]%érsgptgester to test semconductor devices. 16 ND OF THE

| NVENTI ON Automatic test equi pnent often plays a critical role in the

manuf acturi ng process for sem conductor devices. The equi pnent, often
referred to as a "tester”, sinulates an operating environnent for devices
at the wafer and package | evel PRESERMHNIE i fying the operability of each

sem conduct or devi CERARNSHISYRIN PATIERPORK ICOMPENSREMONact urers can reali ze
hi gh yields, and a correspondingly higher Tevel of reliability to

custoners. Not surprisingly, this translates into higher revenues for the
sem conduct or manufacturer. Testers enployed by sem conductor manufacturers

generally include a 20 corﬁﬁigowﬁﬁiﬁ{,tmlbﬁat runs test software for
controlling the test. The T he signal parameters for test
vectors or waviekdestianalateggenerally fo,auterpaic tesbeguisrralior tstittevi ce. A pattern

gener at or sehidn@dthdr et R4NESorE P OdriVer R the [6599bBenkdiRnSi gnal s to
el ectroni ¢ ci rrcfw ts. commonl ectronics. The pin
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signales between the tester and one or nore pins of the DUT. The pin
el ectroni cs perform squefiebrDINIE OF PR INVRNTAOH general |y serve as a
d

signal interface betwe [ ] ] the DUT. One of the
nore i nport antA‘F?Iﬂ%‘Lcit?ﬁh%q“FH‘i’%qnh% R gicHgeal %‘éf‘%ﬁ’ﬁ%ﬂ@ﬁ%ﬁ’@ga transm ssion
path to tpiBcesd fssepficdnbigetdrideifites. The equipment, often referred to as a “tester”,
simulates an operating environment for devices at the wafer and package levels. By
15  verifying the operability of each semiconductor device under varying conditions,
manufacturers can realize high yields, and a correspondingly higher level of reliability
to customers. Not surprisingly, this translates into higher revenues for the
semiconductor manufacturer.
Testers employed by semiconductor manufacturers generally include a
20  computer workstation that runs test software for controlling the test. The software
controls the signal parameters for test vectors or waveforms that will drive the
semiconductor device. A pattern generator typically produces the waveforms and
routes the signals to electronic circuits commonly referred 1o as pin electronics,
The pin electronics generally reside on one or more channel cards that route
25  signals between the tester and one or more pins of the DUT. The pin electronics
perform several tester functions and generally serve as a signal interface between the
pattern generator and the DUT. One of the more important functions includes driving
waveforms along a transmission path to the pins of the (DUT).
With reference to Figure 1, one conventional driver employed in traditional
- 30  pinelectronics channel cards generally comprises a buffer amplifier 10 employed in
an integrated circuit that includes respective high and low voltage clamps 12 and 14 to
produce respective high VH and low VL voltage levels. A switch 16 selectively
couples the buffer output between the voltage clamps according to a pre-programmed
timing scheme controlled by the test controiler. The switching between the respective
35  clamps forms a substantially squarewave-shaped signal 18 for transmission along a
.signal path 20 to the DUT (not shown).
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The driver of the present invention enploys pre-conpensatio iLcuitry t
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hi ghly timng at the 5 input pins of aDUTf ropagati ng
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a driver out plt aneffsnipra- the gnysyriogicgmanisepackanpel carddesyseénainder - test. The
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invention wl %@uoar ent rom | owm n escription when

read in GBW]‘%W&]?’?%’ AR RTRS @%ﬁﬁ%“ﬁ‘&r'tﬁff erlgyer includes a

signal generator for producing a substantially square-wave signal at an output node

and an injector coupled to the output node for modifying the square-wave signal to
20  pre-compensate for expected losses along the lossy path.

In yet another form, the invention comprises a method of applying a driving
waveform from a driver output along a lossy signal path to a device-under-test. The
method includes the steps of establishing a first clamped signal level; switching the
driver output to the first clamped signal level; and injecting energy into the output

25  node to modify the first clamped signal level and compensate for losses to the
clamped signal level along the lossy signal path.

Other features and advantages of the present invention will be apparent from
the following detailed description when read in conjunction with the accompanying
drawings.

30



30 3 30 Decenber 2005 WO 00/ 68699 PCTI USOCQO 12630 BRI EF DESC% ON OF THE
DRAW NGS The invention will be better understood by referen e@ber 2005
following nore detailed description and acconpanying draw ngs in which

FIG 1 i‘i a%fgl gck di agram of a conventional driver; 5 FIG 2 is a graphical
vi ew of ¥ & orm generated by the conventional dri vé’FT’L@P“’EFﬁure 1 after
propagating along a lossy transm ssion path; FIG 3 is a block diagramof a
sem conductor tester accordi Q.0 iment of the present invention;
FIG 4 is an enl argecﬁ%%cﬁi‘zgﬁgw. w.}gpF?' 8 N&Sown iﬁ Figure 3; and 10
FIG 5 is an efhangsdiogmwiphbd eabr uriderstood by leferfrice icthafiosaigatorsi gnal encl osed
in phant j ' . MO 00/ 68699 PCT/ USOQ 12630
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the DUT's 45 and feeds the signals along a pattern bus 36. Bﬁgfat ern 6
fans out to provide a plurality of parallel pattern source %05
to the test head 40. The test controller also includes an error procesor

38 for Wl?do)%dfgg signals captured by the tester to dg{rf@g&aﬁ@%he results

of the test The test head channel cards 42 each d or nore
signal paths or channel s between the tester and the DUT pins. The cards

conprise circuit b ﬁlatn, Application specific
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acti ve. ??51“@813’ R&ali eptep Squresh Ex spunbing to e teglrieqd40. Sﬂleéfﬁjl oys
respecti wenlim:igzln alsaindlutienan\eabt @oesal 38psanalziap dighfls dPrRddaNURE r espective

hi gh and Ls‘i’é?’t%(gét%xﬁﬁ%tkf%ﬂléof%ﬂ teaégd VL. A swtch 58 selectively couples the

driver output endi ng on the desired waveform
par afdt ers of Tﬂiﬁ@ﬁ&f@g@cw@hawésw@a@led HEiongjoSn@e siped eatheor 2005 WO 00/ 68699

PCT/ USOO/chaihéf between the tester and the DUT pins. The cards comprise circuit boards (not
shown) mounied with application specific integrated circuits (ASICS) that carry out

the functions of a formatter 44, one or more drivers 50, and one or more comparators
46. The channel cards interface to the pins of the DUTs 45 through a lossy

20  transmission path 47 including probes (for wafer level testing, not shown) or
connections to the loadboard 48 (for packaged-device testing).

The inventor has determined that at signal frequencies in the gigahertz range,
PCB traces, signal path connections, and more importantly the phenomenas known as
skin effect and dielectric loss all contribute to signal losses as the test waveforms '

25  propagate along the transmission path 47.

Referring more particularly now to Figure 4, the driver according to one
embodiment of the present invention, generally designated 50, comprises a buffer
amplifier 52 configured to operate as a class AB device. As is well known in the art,
class AB drivers employ a form of “push-pull” operation, but do not turn off

30  completely. The driver output maintains a state that produces a certain amount of
current at all times to keep the device active.

To carry out the push-pull operation, the driver 50 employs respective high
and low voltage clamps 54 and 56 to produce respective high and low voltage levels
VH and VL. A switch 58 selectively couples the driver output between the clamps

35  depending on the desired waveform parameters of the test signals. Alternating



bet ween the high and | ow vol tage cl anps, the switch produce
substantially squarewave-shaped signal. To conpensate for m%qe?mbﬁt%905

signal |osses along the transm ssion path 47, the driver 50 i nt:orporat es

pre- COMReysidskaan circuitry preferably in the form of %@&H@fz‘éﬂt i nj ector

60. The injector includes a serles connect ed external work defined
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signals b Ir ener at | n anti a aped si gnal
with the Peésap] lgf'é 62 flispess aetwsmtbaéntqrawpgtanéaheg%@n%orknﬂne. nj ector buffer
62 sanpl esutpﬁteafmeugemlfbedsgemama{ga@delmtr@rsumwlﬁfsqnmﬂmsxgasttIvat es the RC

circuit d nt aneous .current |s uced and
i nj ect ed Elfofi RC%? bgﬁw S}%nglr%neratarean@ﬁ 5 e?r?'bca’i ¥8at RdOPLaRFe r‘f&mB $a| ling edge
ri se 20 amgvaferd 6& i nes of subsequent waveforns. The injected current drops

off as the Calﬂ%ﬁérﬁtﬂfn {e peheit BaeRbest feeﬁk gét':&ﬁ" nﬁ'oﬁﬂaltlUﬁ ff[)laﬂ)g% duagess esul tant

waveform 70 erated. t.he out put of e waveform 70

pr opagat e8! ﬁ‘ba'“gﬂéta irjeuyption QD %’l‘i‘F@g‘iy(Slﬁ"lﬁ%f'@ [ tgqplu@kFerf caamnglards osses

degr ade t h2ther, ingimaforrastehe paoEime Re@tacaceégaiid mgrB}S fohpplitaion 'tchﬁe Sl gnal 25
reaches t B%JTM 'ﬁlllendnvgpﬁ) lje%%ﬁgssto rEpv.ed‘flo1‘n¥att§d gec\{\cl)a} 31 nz(;'ls g} é’x%&%‘@%r 72 (Figure

4) simlar 'to't %?‘nout t he
pr e- cbhpefibsiantsdy aquareﬁ@ve-@lwp%mgn wish &egmtctwe@\eutche@wltagc HempUT woul d
resenbl e shatd sshown at 74 (Figure 5, in phanton).

The injector buffer 62 samples the originally generated driver waveform and
activates the RC circuit defined by R1 and C1. An instantaneous current is produced
and injected into the summing node 64 to modify the leading and trailing edge rise

20  and fall times of subsequent waveforms. The injected current drops off as the
capacitor C1 discharges. Figure 5 illustrates the resultant waveform 70 generated at
the output of the driver.

As the waveform 70 propagates along the lossy transmission path 47, skin
effect losses degrade the original over-compensated signal. By the time the signal

25  reaches the DUT pin, the losses modify the waveform to a signal 72 (Figure 4) similar
to the originally programmed squarewave shape. Without the pre-compensation at the
driver, the signal received at the DUT would resemble that shown at 74 (Figure S, in
phantom).

The invention conveniently provides a means of adjusting the amount of pre-

30  compensation by merely adjusting the values of R1 and C1, as is well known in the art
to modify a transient time constant. The duration of the injected signal, or time
constant, is proportional to the product of R1 and C1, while the magnitude of the
injected signal varies inversely with the value of R1,

Those skilled in the art will appreciate the many benefits and advantages

35  afforded by the present invention. Of particular importance is the pre-compensation
feature employed by the driver to achieve a dramatic improvement in the timing

6
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30 conpensation by nerely adjusting the values of R
known in the art to nodify a transient tine constant. The duration of the
i nj ect eqypgagdh. or tinme constant, is proportional t uct of R
and C, while the magnitude of the injected signal vgfﬁggn%%rsel y with
the value of Ri. Those skilled in the art will appreciate the nany benefits
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VWHAT IS CLAIMED IS: 1 1. A driver for applying a determnistic waveform
along a lossy 2 transm ssion path to a device-under-test, said driver
including: 3 a signal generator for producing a substantially square-wave
si gnal at
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4 an output node; and 5 an injector coupled to said out put for
nodi fyi ng said square-wave 6 signal to pre-conpensate for gg@i%‘?%%m%r&@%
along said lossy path. 1 2. A driver according to claim1 wherein said

signal Qe e’ conmprises: 2 a first clanping ci rCUiPETfl@ﬁ(}/ﬁ(% ting a first
si gnal Ieve(; a second clanping circuit for generating a sécond signal

| evel ; and 4 an output switch coupled to said first and second cl anpi ng
circuits ixe to selectively pass said first and second si gnal

| evel s to‘%g%”gocg“t&‘gﬁ@jnféde. 1 3. Adriver according to claim| wherein said

i njector conprises: 2 an output sanpler coupled to said output node; and 3

an RCjinet wor k 1CoupheevéiFosappHif i REmHREP Walefbn ASREL 1%%% a 144COXD§n$at ion
r. . rrver

si gnal_ based .on the signal sanpled by, said output sanp

accor di ngra{’%m&ﬁl%ﬂ?ﬁt to\ﬂf@?"éf"ﬁ“ 'fedt’é%iﬁ%\‘?é WHEsi gnal 2 conprises injection
curredt to nodify asipmil pénsratamforyaddiciagbstianhiialy sjuaguwaresipayve 3 signal . 1
5. A ghangely g%qe-fa% use in a sem conductor tester to drive and capture 2
signals to ah rom a devi ce-under-test, said channel card including: 3 a
formafter;: 4 a conPHPEESF cavaled Hysaidrutpubnededenppdifyingraidsiwretwave e- under - t est
and ag  Sigaalttp pie-doareisag fotdxfectedoRést Mg saiddoBy Batllr i ver having an i nput
coupled to said formatter and an output 7 connected through a | ossy

transm ssion path to said device-under-test, said driver 8 including: 9 a
si gnal gener ag-or f & driperoceeedingjtozladm b sttwrein siid sigstgaemtonavapriste si gnal at  an
out pup node; and llaRNclidiifetiRbit EALBkS ah&tﬁgﬁagle%t put node for nodifying

said _12 square-wave signal to, pre-conpensat or éxpected | osses al ong
sai d Pos sy pat h. agsecond clamping circuit for generating a second signal level; and
4

an output switch coupled to said first and second clamping circuits and
5  operative to selectively pass said first and second signal levels to said output node.

1 3. A driver according to claim 1 wherein said injector comprises:
2 an output sampler coupled to said output node; and
3 an RC network coupled to said output sampler to generate a
4  compensation signal based on the signal sampled by said output sampler.
1 4. A driver according fo claim 3 wherein said compensation signal
2 comprises injection current to modify a portion of said substantially square-wave
3 signal
1 5. A channel card for use in a semiconductor tester to drive and capture
2  signals to and from a device-under-test, said channel card including:
3 a formatter; _
4 a comparator having an input coupled to said device-under-test and an
5  output feeding said formatter; and
6 a driver having an input coupled to said formatter and an output
7  connected through a lossy transmission path to said device-under-test, said driver
8 including:
9 a signal generator for producing a substantially square-wave
10  signal at an output node; and
11 an mjector coupled to said output node for modifying said
12  square-wave signal to pre-compensate for expected losses along said lossy path.

8



30 Decenber 2005 WO 00/68699 PCT/US00/ 12630 1 6. A channelﬁﬁ?g? accord
to claimb5 wherein said signal generator 2 conprises: 3 a eQ?Qﬁﬁﬁr 05
circuit for setting a first signal level; 4 a second clanping circuit for
generat i cond signal level; and 5 an output swt led to said
first an g@%%ﬁd clanping circuits and 6 operative té&ggﬁﬁﬂﬁf el y pass

said first and second signal levels to said output node. 1 7. A channel

card cording.to c] ai.m erein said.injectaor ¢ rises: 2 an out put
sanpl gf coupl e toéglfa&“%ﬁ%,\%&‘fco cg%t Cg%ﬁrysw L “ﬁgg%g??empl ed to said
out put 2 sapph@rseto generate a 4 conpensation signal based on the signal
sanpl gl by sai d outiil haFeirenit 1 seifng B RPe 1690P! Vi ng a dri ving
waveform froma driver qQuitput along.a 2 lossy signal Path to a

devi ce? under - t est, ASEFH B CHRT (o0 e rating & secepd sigal lexelaandap) i shing a
first &l anped si gnah cupuelwitch caupilddab saig fisant tindetangirigifcuitsangdai d first

i ! __ 4 capladal . d
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cl anped signal level along said lossy 7 signal path. 1 9. A nmethod
according to cf.ai m 8 cnheEeian a%@drdin%ﬂi Q8&ibd DEh&EiBRaill MLt 8mprigssanmpl i ng the

signal  at said driver_ output: and azgnﬁ1 ing said energy at said output
node af a | evel de;?&HHté’H‘tS%%*Rfefﬁ"é‘Pk t%? é‘?tp@é‘f’r%l’@’&‘fi n said sanpling step.

3 an RC network coupled to said output sampler to generate a
4  compensation signal based on the signal sampled by said output sampier.

1 8. A method of applying a driving waveform from a driver output along a
2 lossy signal path to a device-under-test, said method including the steps of:

3 establishing a first clamped signal level;

4 switching said driver output to said first clamped signal level; and

5 injecting energy into said output node to modify said first clamped -
6  signal level and compensate for losses to said clamped signal level along said lossy
7  signal path.

1 9. A method according to claim 8 wherein said injecting step includes:
2 sampling the signal at said driver output; and

3 applying said energy at said output node at a level dependent on the
4  signal sampled in said sampling step.



