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(ELECTRO OVER STRESS) DAMAGE DUE TO AN UNDESI RED DC TRANSI ENT Techni cal
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During manufacture of IC (integrated circuit) devices, such |IC devices are
tested at various test stations for determ ning various perfornmance

char act geétatitAAFi€l such 1C devices. Referring to Fig. 1, one exanple of
such a test station is a burn-in test station 100 for determ ning the
burn-in |ifeThe pussest invientiorgretpies gansrallsigo tealiwtions fyde @itegreted seyibski Il in

the art of integrated.circujt mapufacture. The burn-in life .t] IS a
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such as about 125 | stus or about 150 Celsius, for exanple, as known to
one of oankiemdyriskickting of thé1EC devicesfat an¢sesraered circuit manuf acture.
Referring to Fig. 1, the bumin test station 100 includes a testing board
102 which is placed inside an oven 104 having a heating el ement 106 for
heat i Ng pURK r%nﬁ% B So wi thin the oven 104. The testing board 102

i ncl udes—a—éﬁ—m—%ﬂets including a first socket 112, a second
socket 114, @ukiakhthniRekes oAlB(inRgfedrdibuitodvies, kith IGdévitdshrsesieént 120,
and a sixth socket 122. Each of the sockets 112, 114, 116, 118, 120, and
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el ement 106 controls the heating elenent to set the tenperature within the
oven sueh of hattgrhted cir@ithmuindfesturs. tPhierburthin lifs diskedis 9 mepsure pf4he timgperiod3, 120,

and 122 of the testing board 102 heat up fromroo erature to a raised
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temperature to a raised temperature such as about 125° Celsius or about 150° Celsius, for

example, as known to one of ordinary skill in the art of integrated circuit manufacture.

Referring to Fig. 1, the bumn-in test station 100 includes a testing board 102 which is
placed inside an oven 104 having a heating element 106 for heating up the temperature
within the oven 104. The testing board 102 includes a plurality of sockets including a first
socket 112, a second socket 114, a third socket 116, a fourth socket 118, a fifth socket 120,
and a sixth socket 122. Each of the sockets 112, 114, 116, 118, 120, and 122 holds an IC
device during the determination of the burn-in life time of the IC devices. A burn-in test
station typically has more numerous sockets but six sockets are shown in the testing board
102 of Fig. 1 for clarity of illustration.

A temperature controller 130 coupled to the heating element 106 controls the
heating element to set the temperature within the oven such that the IC devices within the
sockets 112, 114, 116, 118, 120, and 122 of the testing board 102 heat up from room
temperature to a raised temperature such as about 125° Celsius or about 150° Celsius, for
example.

With such heating up of the IC devices, a DC (direct current) voltage (V) 18
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exanple. Wth such heating up of the I C devices, a DC (direct current)

vol tage (Vc0) is 1 WO 02/03085 PCT/ US0O0/ 33860 applied froma power

vol t age sw@p2/g30882 to sone pins of the I C devices wthin porUsSacisedrs 112,
114, 116, 118, 120, and 122 of the testing board 102. In addition, another
DC (direct ~current) voltage (Vbb) is applied froma biasing voltage supply
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During such a testing procedure within the burn-in test station 100, a DC transient
may occur at various components of the burn-in test station 100. As illustrated inFig. 2, a
DC transient 202 is a sudden rise in voltage signal with time. For example, the DC
transient 202 may include a voltage increase of about 7 volts.

The DC transient 202 may occur at the node of the power voltage supply 132 that is
coupled to the IC devices within the sockets 112, 114, 116, 118, 120, and 122 for providing
the power voltage V,, to the IC devices. In addition, the DC transient 202 may also occur at
the node of the biasing voltage supply 134 that is coupled to the IC devices for providing
the biasing voltage Vi, to the IC devices.

Furthermore, the DC transient 202 may also occur at a node of the signal driver

 source 136 for providing a driving signal to the IC devices. Additionally, the DC transient
202 may also occur at a node of the testing board 102. For example the testing board 102
typically has a ground plane, as known to one of ordinary skill in the art of electronics. The
DC transient 202 may occur at such a ground node of the testing board 102.
The DC transient 202 may occur at any of such nodes because such nodes are

coupled to the general power system of a room having the test station 100. ‘When a surge of



source 136 for providing a driving signal to the |1 C devices. Additionally,
the DC transient 202 may al so occur at a node of the testing board 102.

For exanmeo02/t8883% esti ng board 102 typically has a groundr@i/ase/338® known
to one of ordinary skill in the art of electronics. The DC transient 202
may occur at such a ground node of the testing board 102. The DC transient
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a general aspect of the present invention, nodes of a test station are
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conponents of the test station to pr.o shut wn the test_station in a
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for tesflng Ices I ncludes a testing board for holding the IC

Summary of the Invention

Accordingly, in a general aspect of the present invention, nodes of a test station are |
monitored to detect any undesired DC transient, and a computer controls the components of
the test station to properly shut down the test station in a timely manner to automatically
protect the IC devices from EOS (electro over siress) damage due to the undesired DC
transient.

The test station for testing the IC devices includes a testing board for holding the IC
devices during testing of the IC devices. Furthermore, the test station includes at least one
voltage supply for biasing the IC devices during testing of the IC devices. In addition, the
test station includes a signal driver source for providing driving signals coupled to the IC
devices during testing of the IC devices.

In one aspect of the present invention, a system for protecting the IC devices from
EOS damage due to the undesired DC transient includes a signal measuring unit that
monitors for occurrence of an undesired DC transient at any of the at least one voltage
supply, of the signal driver source, and of at least one node of the testing board. The

system also includes a data processing unit and a data interface bus coupled between the



devices during testing of the IC devices. Furthernore, the test station

i ncludes at | east one voltage supply for biasing the I C devices during
testing o¥Ovhe30BT devices. In addition, the test stationPCholuds8s0a si gnal
driver source for providing driving signals coupled to the IC devices
during testing of the I1C devices. In one aspect of the present invention, a
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the data processing unit. The signal nmeasuring unit sends, to the data
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threshol d characteristics. The t hol istics indicate the |evel
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The present iT'B}égfgsélﬁrin*&@ﬁioﬁ’%d&%s&@to&ﬁhﬁﬁdtﬁéﬂa@%lﬂ@b@ﬂh@ﬂhe wsediatidee test
station includes a tenperature controller for setting a tenperature within

an oven ildAwdeng térhgeratGre chatrotiesfor besting mtenpergsae Matin Ay ovemaving the {est on the
| C devices. In that case, .the_ proper s e.of shutiin e test

st at i on Gpi6F @é‘ie%’ct{"F B?& 38 %Gﬁﬂ@l tgﬁPP&Wd‘gesvimreﬁ'bf%%asg’rtggg&g%t i ncl udes
first C%E(it{eﬁl:éé ufti'ﬂ% (fomgé ?és’f’§t§ti hQleteBiort 6f 4 fFHendPEndesimgies BCUr e

W thin t oven to about 10 Cel sius above roomtenperature froma raised

t enper atihsesfincladirstldntrololgsheemperaaiye nontdBlr toGetivdeauibe fegrpeeatangpl e, t hen
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about 125° Celsius or about 150° Celsius for example, then turning off the driving signals
from the signal driver source, then turning off a biasing voltage supply Vy,, and then

turning off a power voltage supply V.

With such automatic shutting down of the test station in the proper sequence using
data processing control such as computer control, the IC devices are protected from EOS
damage from the undesired DC transient. Thus, the testing of the IC devices may resume
after such a shutting down of the test station by resetting the test station for determination
of failure characteristics such as the burn-in time of the IC devices.

These and other features and advantages of the present invention will be better
understood by considering the following detailed description of the invention which is

presented with the attached drawings.

Brief Description of the Drawings

Fig. 1 shows components of a test station for testing IC (integrated circuit) devices

such as a burn-in test station, according to the prior art;



turning off a power voltage supply Vc,. Wth such automatic shutting down
of the test station in the proper sequence using data processing control
such as ooopuedwss control, the | C devices are protected frpar/ESH/338@Mmage
fromthe undesired DC transient. Thus, the testing of the |IC devices may
resune after such a shutting down of the test station by resetting the
test stati onpig0r stetLiiRaiplOdgndbf § BJ taRicafiar act eri stics such as the
burn-in time of the I C devices. These and other features_and advantages of
the present Figvdshdvencompdnenis ofesystem ferrgtamaatisally pyotecting Ledleviaes from
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PCT/ US00/ 338Bi@. 4 Ehayvs eshafpertion rbiip spsten ghiflig. 3f accoRiing foeansindodimdtitg. 3

shows conEonent s . of g systemfor automatically protecting |IC devices from
ECS (el 8k P@ff‘é%rm‘éeﬁ@%?sz)nddanage due to an undesired DC transient at any of

a plurality gf f ' ' i n

enbodi ment ~ of &t %gﬂéér%gg%n eaﬁﬁ%/cgﬁt% %ngﬁﬁ&lgl g}g&ﬁ%\%ﬁani@rgggﬂgf@ gicgggr&af?? efcj)ln of the
syst em PiC tringienBof FECD keihnPatithe smi@aiidtiquendy coafponbiet aftiesPOttransivemhayon; and
Fig. 5 shows the frequency conponents of a Fourier transformof the signal
of the bofltercdaul &om the bumingn test station, eererdipg to Fbembediment dberesert omponent

of the DC transient may be filtered out fromthe burn-in test station,
accor di FY¥%™an enbodi nent of the present invention. The figures referred
to herein ar¢ndrauRs fFemsd A tickain afe driwn e ot Bf BRStralon ddtare mecessarily
drawn to scale. Elenents having the sane reference nunber in Figs. 1, 2, 3,
4,  andnBcesefity dinoneb scadat Blehmuisigviag tid mmesrsfemxcgméméﬂrdmfﬁlgﬁeﬂi%ﬁ; 4Det ai | ed

Description An enbodi nent of .the gresent A'RI\I/lenti on is described for an
exanpl e apd 3 refe tqielgmentphaving similar structure an ction.

Detailed Description

An embodiment of the present invention is described for an example test station for
determining the burn-in life time of IC (integrated circuit) devices as described herein.
However, the present invention may advantageously be used for protecting IC devices from
EOS (electro over stress) damage due to an undesired transient at other types of test stations
for testing IC devices, as would be apparent to one of ordinary skill in the art from the
description herein.

Referring to Fig. 3, a system 300 for automatically protecting IC (integrated circuit)
devices from EOS (electro over stress) damage due to an undesired DC transient at the
burn-in test station 100 includes a signal measuring unit 302. In one embodiment of the
present invention, the signal measuring unit 302 is coupled to the node of the power voltage
supply 132 that is coupled to the IC devices within the sockets 112, 114, 116,118, 120, and
122 for providing the power voltage V., to the IC devices.

In addition, the signal measuring unit 302 is coupled to the node of the biasing
voltage supply 134 that is coupled to the IC devices for providing the biasing voltage Vy, to
the IC devices. Furthermore, the signal measuring unit 302 is coupled to a node of the

signal driver source 136 for providing a driving signal to the IC devices. Additionally, the



determining the burn-in life time of IC (integrated circuit) devices as
descri bed herein. However, the present invention may advantageously be
used for woovemsing | C devices from EGCS (electro over strep¥poidasmge due
to an undesired transient at other types of test stations for testing IC
devices, as would be apparent to one of ordinary skill in the art fromthe

descri plignndeasaeing unRefoaris taglddao kingde 3f the teytiag ®ondA02fsach sk goadd cal |y
protecting IC (integrated circuit) devices fromECS (electro over stress)
danmage Mﬁ&%mt@dwmxm@i ent at the burn-in test station 100

i ncl udes a sjgnal asuring unjt 302. 1n 0 emhodi.rent of - t pr esent
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si gnal r'source or providing a rving signal to the I C devi ces.

Addi t i 036d ta}ty bé heomp\fer 82k3G8H oRED! biIFRBIGHGN tiwi aynefl cleverasiss.i Tige unit 302
is coupled to a node of the testing board 102 such as a_ground node of the
t est i ngsiponEagomg et Heasepdevoltpprsignajnig theda@prosessing et 30bViadhe dita an
oscilloscape th IS anenabl e for ..neasyri.ng t Lage.signals at each of
such no@@gﬁtegé%ea%(ﬁ,gggmw e OFdjpaty g gll}g?}rl]%g}%% % 4ge i gnal s are known

to one of Orghé‘%ti(p?&%ieésliné Thit 312 ia€1hd&fa @k@ﬁbfagehﬁﬁ 303 e stofigeiata3nd a of Fig.
3 also includes a data processing unit 304 and a bus interface 306 coupled
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The data processing unit 304 ma a c uter_ as kn one of ordinary
skill i Hmf %%-alP%t%?Of%geé&ﬂiS&Hﬁi é@!tghlﬁ(g CO%tF?jﬁ‘g Wﬁ@&éﬁ? ?%ng}anﬁﬁ%?a VPRSI
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306, asu%%%%glaggcgﬁ{eot&gefrqgélgfoﬁgﬁg%giib?%di n t?\%ﬁg?t eof el ect roﬁ? cs. The data
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digital I'/O (input/output) controller 310 for sending c r ignals from
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test station 100. The data processing unit 304 sends control signals to such components of
the burn-in test station 100 via the digital I/O controller 310.

The operation of the system 300 for automatically protecting IC (integrated circuit)
devices from EOS (electro over stress) damage due fo an undesired DC transient at the
burn-in test station 100 is described in reference to the flowchart of Fig. 4. Referring to
Figs. 3 and 4, the signal measuring unit 302 measures a respective voltage signal at each of

~ the node of the power voltage supply 132, the node of the biasing voltage supply 134, the
node of the signal driver source 136, and the node of the testing board 102 (step 402 in Fig.
4).

The signal measuring unit 302 detects for the occurrence of any DC transient at such
nodes. For example, when the signal measuring unit 302 is an oscilloscope, such an
oscilloscope typically has a triggering mechanism that determines when the amplitude of a
measured voltage signal exceeds a set amplitude. When a measured voltage signal at any of
the node of the power voltage supply 132, the node of the biasing voltage supply 134, the
node of the signal driver source 136, and the node of the testing board 102 exceeds the set



unit 304. Data storage units and digital 1/O controllers which are part of
a data processing unit such as a conputer are known to one of ordinary
skill inwde2eaoss of el ectronics. The digital 1/0 control Per/uSk@EB38&® coupl ed
to the tenperature controller 130, the power voltage supply 132, the
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o ohal B sl SalEEe P 0 sl @l emsEbh AR HBRIOC Hitid D 9BSEE O (0% e
set 6 VRB:B3A8 TEWiMRUB3IRE ntediae! J0bYstep 40616f PigcH). I Tirahpel dfther ni nes

that such a neasured voltage signal is an undesired DC transient at that
node ( stuefes#@UDICHrdFisipnt #)simildr to the shabweeeforn P2 geF g gnal is not an

undesi red DC_transient, .the .sjgnal .neasur.n it 302 iLnues .t.o nonitor
the vol t age Ti‘? 8#&&%005?8%@% (g‘ereﬁ?w?s?f B rol%\?l?ﬁ @5?@3@%%”%@%}& he node
of the Bja3] ! e nedexshplhse ahe 6ith /@it S@UT ce
136, an %fe&%c():ge s%@?ﬁ%ﬁ?ggtﬁﬁ%@g%% d$)1(r)rggf)c()r %ny esubsr}})?*(;:é]cgerlltg/ocg:urrence
of an upfgseteadindGhé pedkingritudenadche pawvartod phedghad i the gndesjred Béweamsrenti f a

nmeasured vol tage signal at any of the node of_ fhe powe ol t age ply
132, t h&hpdefa prcessias BriadPheay alse sigee b sisme! afdhe uy Sl W@ﬂ%@ﬁgnm

driver %&%ro%%ccurrence of this undesired DC transient in the data storage unit 308. With such

data storage of a history of the occurrence of undesired DC transiehts, the data processing
unit 304 may determine the rate of occurrence of undesired DC transients.

With such processing of the signal of the undesired DC transient, the data
processing unit 304 determines whether the signal of the undesired DC transient exceeds
threshold characteristics. For example, the data processing unit 304 determines whether the
peak amplitude or the power of the signal of the undesired DC transient or the rate of
occurrence of undesired DC transients exceeds threshold values (step 410 of Fig. 4).

When any of such characteristics of the signal of the undesired DC transient exceeds
a threshold value, the data processing unit 304 controls, via the digital I/O controller 310,
components 130, 132, 134, and 136 of the burn-in test station such that the burn-in test
station shuts down in a proper sequence (steps 412, 414, 416, and 418 of Fig. 4). On the
other hand, when the characteristics of the signal of the undesired DC transient do not
exceed the threshold values, the system 300 continues to monitor for the occurrence of any

undesired DC transients (back to step 402 of Fig. 4).



136, and the node of the testing board 102 is determ ned to be an undesired
DC transient, the signal nmeasuring unit 302 sends the signal of the

undesi r etv@@2/0308hsi ent to the data processing unit 304 vParwke/isadoa bus
interface 306 (step 406 of Fig. 4). The signal of the wundesired DC
transient is simlar to the signal waveform 202 of Fig. 2. The data
processi ng URkferrdfddo FGeB uesd 41 Wikersirynfithodhatdvecristickasfi thesighiT of tlensi ent t o
further process such a signal (step 408 of Fig. For .exanpl e, the data

4).
pr oces sindgsived PCIvasieneaxcerss erhreshold M@i%éb‘kdﬁ?rﬁmcéﬁw Wit 304CopBRlsr VIBf t he

i gnal of .the, pndesired i ent i '
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occurr CE%iagingIMt%(g)éJ%gﬁj 1329 2Rk sRMS] @fer kurb B3ERICA tigh BcAgen-inickt 308.

Wth su ata storage of a history of the occurrence of undesired DC
transi estatéon $hues dtstrainpr propgs sequgnced nintond Ghbedimaie pEthgipresentipvendios, weh

occurrence of undesired D% transients. Wth such pracessin (?f tthe si gnal
of the UBIAPST FeaHCSe ipqludesi ’éﬂt"?mf‘ﬂgnﬂ ealfema?fa_ 8T ﬁlhf%% t?%ﬁ Y& i nes
whet herte%% a%rg%&)ﬂ? fneld¥En P‘g&iﬁ)tséhbé)ﬁglm&lgﬁg sh&RoSNt&8FGatutdHr&B 0! d

characteristircs. For "exanp ata processing unit 304 determ nes

whet her rdided terﬂﬁ@lﬁuﬁmﬂ dbbutdie 56 rCldhes @uabent 10 °tCedsivd, dovaxamblet (vep dhdesi red DC
transient or the rate of occurrence of undesired. DC,tri';\n i ents.exceeds
t hr eshoFig. ¢hl Tesproperagquenee Bicludpythen furning it the (drigmesieng!s Bt i cs of

the signal of th esj e ransi.en : | ue, the
data pr %%rssPPﬂ@eS%F'?Sq%élmc%ﬁt%f%oﬂt)st?le@ ?‘gﬂ’@ﬁg’ﬁg’?g?‘?ﬁ’gﬁ’ﬁ’ %5%2%1&? Jf?lgl ]]\égr 310,
conmponeptsid ik volt 10 41416f Toidr 4); bt tiesittusiigt 6ffthesioslert hat t he
bur n-i nﬁﬁogé(%%}gglteati g}la%ggt}’tosg%o‘lv\ﬁ@?ﬁﬁa pr opgr‘wsequence (slfgeps 412, 414, 416,
and 418veltagdei syppl$)132 Providieg thetHE powanuoltagh . Gstee 44RAF Hi é)i stics of the
signal of the undesjred DC transjent dqg not exceed t.he thr - val ues,
the system 308°oBrrne statign }ﬁ)ﬁ%flj[ ‘g?w? l?ﬁmtsfl?é(’pgﬁé?ﬂu%cﬁcbeec% Seé%';ﬂ? Jlljegll eegi red DC
transi .egi}it?lgr( a%g&titng gﬁérﬂgoé% ot f8iurdlof ofertfidiDid sEH0BeroPérTdekinaiRé 3860
Referring to Figs. and 4, en any of the characteristics of the signal
of the gsUREd abr BGhplayisiteitiasinecendtige aupiphly E3hprodiding the DG biesigaveltage
processing unit 304 controls, via the digital I/ (}ntroldl er 3%% t he

t enper aiys wetsommonepusy tunmd, off brfossdhe pove oges Bgﬂ% PIVIINEIe Blosi ng

vol tage power lfglta%gl{/cc, NG DGRl Wdln AbiBhe BOMEG82 h3G shbG T8l t he bumin

t est

operation from such an improper sequence of shutting down the burn-in test station such
that the burn-in lifetime of the IC devices may no longer be accurately determined.

In this manner, the signal measuring unit 302 and the data processing unit 304 are
used for automatically protecting the IC devices from EOS (electro over stress) damage due
to an undesired DC transient that may occur at the burn-in test station during testing of the
IC devices. The signal measuring unit 302 monitors for the occurrence of any undesired
DC transient at the nodes of the test station that are typically coupled to the power system
of the room having the test station therein. The data processing unit 304 shuts down the
burn-in test station in a proper sequence when an undesired DC transient may adversely
affect the testing of the IC devices at the burn-in test station. After such a shut down in the
proper sequence, the burn-in test station may be restarted such that testing of the IC devices
within the burn-in test station may resume after the undesired DC transient is no longer

present.

In another embodiment of the present invention, the data processing unit 304 may



station shuts down in a proper sequence. In one enbodi nent of the present

i nvention, such a proper sequence includes first controlling the

t enper at we ozass ol | er 130 to reduce the tenperature w tCTVUSOKES38G0eN 104
to about 10 Cel sius above roomtenperature froma raised tenperature of
about 125 Celsius or about 150 Celsius, for exanple (step 412 of Fig.
4) . ThefiphePsoc&s eeaaRl bNhb udesitd BT tratisionngF @fdxatbke, tel dataygosdsgingl s from
the signal driver source 136 (step 414 of Fig. 4), then turning off the

bi asi ngunib ey penfpiya EBE (Fast Bowidgr Agansfanpeosingsnribe sisnalydoppiesicedep 416

of Fig. .and then_ turni off the r volta rovi di ng
the DC PSvEARSEBE: t@ées RROWS L LB H%Wl%%feqﬂfgcyfﬁgl%gﬂ%ﬁ?gbqgssglg}éE ation is
shut dopBiies tlaDifsrmP bR i HEOLANS BnREFAUDE tdigichC SIRUFFISoutthdshikd t he
testing board 102 may show failure of operation if such aﬂfr oper seqguence

i s not kfioii tved.of bratinary akitll ie thd drt ofededtioatisn Refentingigdigupgiom t®4 provi di ng
the DC bi asing voltage Vbb were erroneou Isﬁ%hur.ned of.f bef]ﬁre t he power

vol tagng‘HﬂJ‘-‘ﬁItvnﬁgﬁn»ﬁfmlaﬁﬂéquﬁ%‘l%éompof‘ gete Eé%gh\ffttar]i’il 4% % st i ng
board 102 MRy, Sho Wtﬁ'dlﬁféﬁilﬂ{io BAUE' oﬁﬂ%&n@ﬂ%ql}éﬁcy eREpRdnP R Hah@Paguch an
I nproper - sequence of ShU I ng down the burn-in test station such that the

bum i n KitkehhyBe plhcddne filler Otthe squeryy bempargamebethadomimne fryqubeter i ned.
In this manner, the signal neasuring unit 302 and the daté pracessi ng unit

304 ar ecompenént Gemdbe werstafehs bymip ssketationgwhere theamdegeddC tiapsietidedsel ectro

over stress) d e due an._un i . i =yr at the
bur n-; niq 6t SSEEPgR B G- CRe ARG it S oIS il OB PRk R
measuring unige %Qé’gdmgist@rﬁaﬁ SF exb Py i ER GOt Difendsd tolpelsitingd FoPC
transient at the nodes of the test station that are typi cally_qougll ed to

t he powexarspls}thepresént fhentiomindeacribed forran axempledessiaban foredessrmming tedat a
processing unit 304 shuts down the. bumin tes ation,ln a oper

sequenc @URNEr g A é€ R’FW*E%@ PirERY idSWPesr?ﬁ)fleﬁﬁ’E\L%& bgrlegp. r%?‘?’%‘f:ef ’%71 e testing

of the |G QevhG&H ﬁ&naﬁb/gﬁvﬁﬂ cbfistly B8 hiscil 8F hRRectiAb 1@ HeHb Frém BOY (etowd i n the
pr oper gequence, PheBurn-1 1 test station may bé restarted such that

t esti ng ofér dilees) Ay dwas anwintidsined tiaesibatranofher typst ofesistabionsrivy tastisgime af t er

the undesired DC transient is no longer present. |In another enbodi ment of
t he pred€nievicey enwpbld, betappargalta 9o 6 By Sli}ﬁ i %h%*ﬁt %‘E&}?h%‘?escnp lon

herein. The present invention is limited only as defined in the following claims and

equivalents thereof.



WO 02/ 03085 PCT/ US00/ 33860 further process the signal of the undesired DC
transient. For exanple, the data processing wunit 304 may performa FFT
(Fast Fowo®ezr/o3D8ansform routine on the signal of the undeeT/USE/338KD
transient. Fig. 5 shows a typical exanple of frequency conponents 500 of
such a Fourier transformof the signal of the undesired DC transient. Such
FFT rouwd@singr € known to one of ordinary skill in the art of electronics.
Referring to Fig. 5, fromthe Fourier transform a _dom nant_ frequency

conponent 502 havAmsystamipyaemaeablyipreradingd(s (iegratet sirpiipedevicgy fram

determ i,on of the dom.nant frequency co ent.; b - ha ilter may
be. pl acEOS @R o SHR) B HTRAL e pnenr Loisal RS R Sy

f r equengyin CONPRNERkcds! Qi fe@@stﬁ%%&ﬁdih@@t&ﬁh%bbﬂdtf@ﬁﬁolﬁiﬁl tshidricwher e t he
undesi r ed transient tends to occur. Such band-pass filters are known to

one of dewdéesaatyeaskored valiage buppdy for biasimigeeidriGrievises, Phd afsignebdiiivey spwchy way of
exanpl e only . and is. not iptendedq to, Limti . For. e pl.e, . the present
i nvent i 68 PreVidiag drvine g cgﬁplggg 1@?@ deyicesy ‘E‘ﬁ?n@nte?tﬂ}g %%’g@rlﬁl VIFE>t he
bumin Lijf ] .4 C. (integrated circuit) devices as described herein.
Homever,{ﬂesﬁset%}ng‘r&éng%ﬁ#gi nvention may advantageously be used for protecting

| C devi ces from EgEighslBedstfing oniethastoria} faanagecmdaef to uadesiredBS) r ed
transient at other types of test stations for test | C devi ces, as woul d

: . I ng
be apparent transiens abinyofdridaat yeaskone voltage fepkyy pf ?raﬂfk)ﬁg’flﬂéméf S ot
herein. The esent invention.s limited only as defined in the follow ng
cl ai ms and Béﬁﬁ%f%’?ﬁ%" er?érs%lgftfgsné}g%&rgz/ 03085 PCT/ US00/ 33860 W claim 1.
A system for autogggﬂa(iﬁ\d,degsiﬁggﬁi@’%ang IC (integrated circuit) devices from
ECS (el ectro over stréss) damage due to an undesired DC transient at a test

station for test adgtasaietfatebusepipled betwgenisaié signalraeasuring Relf gl 5% a testing
board for holding said |C devices, at |east one voltage supply for biasing
sai d | C devi 8@ PIogseFBe Wiknal driver source for providing driving signals

coupl ed to said | Gidayi 89 siolhaRukRAShinGe, 1588 dbie Hexkaagunit vae system
conprising: a si gna]l nmeasuri-ng unit that nonitors for occurrence of an
undesi red DCsaid data interface bus, a signal of said undesired DC transient measured at any of

said at least one voltage supply, of said signal driver source, and of at least one

node of said testing board;

and wherein said data processing unit determines whether said signal of said
undesired DC transient exceeds threshold characteristics;

and wherein said data processing unit includes an I/O (input/output)
controller for controlling components of said test station such that said test station
shuts down in a proper sequence when said signal of said undesired DC transient

exceeds said threshold characteristics.

2. The system of claim 1, wherein said test station includes a temperature
controller for setting a temperature within an oven having said IC devices therein for

performing a burn-in test on said IC devices.

3. The system of claim 2, wherein said proper sequence of shutting down said
test station includes first controlling the temperature controller to reduce the temperature

within the oven to about 10° Celsius above room temperature from a raised temperature,
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transient at any of said at | east one voltage supply, of said signal driver
source, and of at |east one node of said testing board; a data processing
uni t; anovaondedoss i nterface bus coupl ed between sai d si gnaPCTBasEE3seg unit
and said data processing unit; wherein said signal nmeasuring unit sends,
to said data processing unit via said data interface bus, a signal of said
undesi r @gn %ﬁhg NI BN ri VIB@ Sigh&ld fidhn Alysigial deiaétsoatce] has turping offd t age

supply, of said signal driver source, and of at |east one node of said

t est i ngbipging doltaga dupwie e, and thed taming off dpewes YRjtagauppdeVer ni nes whet her
said signal of said wundesired DC transient exceeds threshold
characteristics; and wherein said data processing unit includes an 1/0O

(input/outpui) CPRY &RENEDS E18Hn COMrah shil UaQFPQRSAL Sn@inchdielaligmt station
such that said test station shuts down in a proper sequence when said

si gnal stbragaimit fordesineenidigial afisiémdesieatBEdmns@htandHforsthongia time of
characteristics. 2. The systemof claiml, wherei.n said test station

i ncl ude¥hen saidhiyadesired BC tﬁgﬁ%qngilars&eeq Bieagizgd Byl SIERHRPTAE Wi t hi n an oven
having said I C devices therein for performng a bumin test on said IC
devices. 3. The systemof claim2, wherein said proper sequence of shutting
down said test STRé kyfenh BELlGhes, Whdrsih saiddatadrbeesging heit perfppersat KiF e
controller to reduce the tenperature wthin the oven to about 10 , Cel sius

above r Gins Kemise Tenafosm) raiing op spid stenpkefiseidamdesred g tipsientte dpfgrnine
PCT/ US00/,33860. .t hen t ur ni f id drkvi ' id signal
river Sgamen: FrantryReafel satfighe b A ROPDE didRBET 4 B PR

turning off a power voltage supply V,;,. 4. The systemof claim1, wherein
said data processing unit includes a data storage unit for storing said
si gnal of sabd uniibssystem BEclrinafswhertinartdnfpass §iter fon filtaring e said  when sai d

undesi red DC transient has been neasured by said sjignal .neasuri unit. 5.
The systOeRnSRt FeaeRAsYL CORNPRICR} of said sagqgilrpgsabcf §]§?(ﬁ]ég[}}:ﬁnfleﬂt§1fs f %"}pﬁgi R FrT
one of said at least one voltage supply, of said signal driver source, and of at least one node
of said testing board where said undesired DC transient has been measured to filter out said

dominant frequency component of said signal of said undesired DC transient.

7. The system of claim 1, wherein said threshold characteristics include one of
amplitude of said signal of said undesired DC transient, power of said signal of said

undesired DC transient, and rate of occurrence of undesired DC transients.

8. The system of claim 1, wherein said signal measuring unit is an
oscilloscope having a triggering mechanism that sends said signal of said undesired DC
transient to said data processing unit when an amplitude of said signal of said undesired

DC transient is greater than a set amplitude.
9. The system of claim 1, wherein said data processing unit is a computer.

10. A system for automatically protecting IC (integrated circuit) devices from
EOS (electro over stress) damage due to an undesired DC transient at a test station for

testing said IC devices, said test station including a testing board for holding said IC

11



(Fast Fourier Transform routine on said signal of said undesired DC
transient to determne a dom nant frequency conponent of said signal of
sai d undewdpBOBOBXC transient. 6. The system of claimb5, whRCBRURES3B@NDpPaSS
filter for filtering out said dom nant frequency conponent of said signal
of said undesired DC transient is coupled to one of said at |east one

vol t agedeiyep) 4t leadf oreaiottagt Qupdly r bising saidICealeviany acignal diremsturontornode  of
said testing board where said undesired DC transient has been neasured to
filter pravidew drivieppigaalscoupletiosndyCulsiisenand adsmparyrasogialleder sai d

undesired.DC transient ... 7. The t em of [ i i dq.t shol d
char act & f%gtartt?glpfnr“?@llrﬁa‘gﬂ%%%n 8¥enﬁ.é§r%7%isfl @&gc cLeT%cgﬁa?hgrééngd%%eﬁgflﬁfggia uh%desi red
DC trangitefion sPiAWer dedfces ahélsyitedn@dmpiisisdi d undesired DC transient, and
rate of occurrence of undesired DC transients. 8. The systemof claim 1,

wherei n said si gnabigmelaseasiuigg wii thai mogitors fyeickuresnce péahandegigedaDEr i gger i ng
mechani smthat sends sai d ,si? al_ of said undesifred DC .tr.ansient to said
data pr ocessiHyHh At a4t g 9ne va a&?fsugﬁydoéﬁabdn%{gn%fmggﬁSau{fﬁdaé’gli red DC
transient is @nealel,d R @ si8tes H?H)ér&ﬁde- 9. The systemof claiml,

wherein said data processing unit Ts a conputer. 10. A systemfor

automati cal |y pr ohdetaipdgeebding imit, edieedieshid data prdcessieyimies afcoorputeECBA( el ect r o
over stress) damage due to an undesired DC transient at a test, station for

testing said | C dedrigdaterfacs bpscagledbelyvremsaid8gndlimswineseyt 9 sBihr d  or
hol di ng said | C 11ceV\? 02/.93085 PCT/ US00/ 33860 devices, at |east one
vol t age suppfiva\p{ﬂ' %Si%%?lﬁg said | C devices, a signal driver source for

provi di ng dri vi ngyheatsd sigHa nedsithgSaiitkehs, dewiic ésta peordssing wiipenat ur e
controller for setting a tenperature within an oven having said | C devices
therein for padflatarinteface sy msighal of eaid undesirad U iansiopt Beasuredwt agy 6f em

Cindes r ed_ oot raerent ateemyeay s S Baed el L eElEEe ) OF cai
B S e il e ATe peimburaldhtist 19 boic 5
a data inter bagodeupe hovnd &didretinemeclsaisth tiagsealls sead signilred sidivndesiigdsai d
DC transient to said data processing unit when an amplitude of said signal of said
undesired DC transient is greater than a set amplitude;
and wherein said data processing unit includes a data storage unit for
storing said signal of said undesired DC transient and for storing a time of when
said undesired DC transient has been measured by said signal measuring unit;
and wherein said data processing unit determines whether said signal of said
undesired DC transient exceeds threshold characteristics, and wherein said
threshold characteristics include one of amplitude of said signal of said undesired
DC transient, power of said signal of said undesired DC transient, and rate of
occurrence of undesired DC transients;
and wherein said data processing unit includes an /O (input/ output)
controller for controlling components of said test station such that said test station
shuts down in a proper sequence when said signal of said undesired DC transient
exceeds said threshold characteristics;
and wherein said proper sequence of shutting down said test station includes

first controlling the temperature controller to reduce the temperature within the
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data processing unit; wherein said signal nmeasuring unit sends, to said
data processing unit via said data interface bus, a signal of said
undesi r etw@@/0308hsi ent neasured at any of said at | east PORUS@/I38qe
supply, of said signal driver source, and of at |east one node of said
testing board, and wherein said signal neasuring unit is an oscilloscope
havi ng a triggarb Bgoutd0h@rlisiux abbed rovandmpsatde Siognataiset! taapaaturgdsSi red DC
transient to said data processiﬂgfunit when an anplitude of said signal of

sai d undesi#wyt B3t Celpigs erabops1 P daeleps, thariurpingeff s driyingsigngld wher ei n

id dat i it includ i . ' 5t Of | id
Tgnal of SararumHeRp LN e i eI o Rt BRR, 1l My Py 0, %L5 o
undesi r ed thgﬁgﬁﬁﬁlgryffm&%ﬁa%’@%g?rye@m;by sai d signal neasuring unit; and

wherein said data processing uni ermnes whether said signal of said
undesi red DC t r ansidewhereinceiddiata froesskiog ani performser FET (Kast Feintbrwher ei n sai d

t hreshol d characterjstics include one af | i of. id.signal of said
undesired DEP Fa) EmFine g gpd sigpa isﬂl%ﬂlgﬁn%edwgé’?%ﬂﬁ%ﬁg@wlgl}eﬁc _
transient, agd fahEsQfuen &H{J{oﬁgl‘ft%f%idlé}‘%ﬁ%f’ Sfll fldedif ANSC eRhSentand wher ein
said data processing unit i1 ncludes an | (rnput/output) controller for

control i ng conposenwBereih Staindpdse Siltesfoatilterngothsaidnbmisait dretjestcyst at i on
shuts down in a proper sequence when said signal of said undesired DC

transient eseaeaisnief sgicpenstpbiaer eniesised B tansient is souplothior e pfsaiddt pr oper

sequence of shutting,down id. afl i j.n ' xolling the
t enperat ure e%#torn(g Ivgg?get o p@gﬁ%ééggﬁaé %Pg#p%%eu%g&%ﬁ%ﬁ% é\ﬂe'[,lﬁ)g © %g 9% 02/ 03085
PCT/ US00/ 338&Qtin@¥éuid WwhertaidtunliSsiredad @ indfisiah Quebéepantdsardias Alter eutf rom a

rai sed tenperature of about 125 Celsius or about 150 Cel sius,. then

turning of f saddoniriant frequshgynednspontnioohseidi signsd gieaid endegised BEuragsient: hen
turning off a biasing voltage supply Vbb, and then turning off a power
vol tage supply Vic; and wherein said data processing unit perfornms a FFT

(Fast Fourief; A method for automatically protecting IC (integrated circuit) devices from
EOS (electro over stress) damage due to an undesired DC transient at a test station for
testing said IC devices, said test station including a testing board for holding said IC
devices, at least one voltage supply for biasing said IC devices, and a signal driver source
for providing driving signals coupled to said IC devices, during testing of said IC devices,
the method including the steps of:

measuring a signal of an undesired DC transient at any of said at least one
voltage supply, of said signal driver source, and of at least one node of said testing
board;

sending to a data processing unit, via a data interface bus, said signal of said
undesired DC transient measured at any of said at least one voltage supply, of said
signal driver source, and of at least one node of said testing board;

determining by said data processing unit whether said signal of said
undesired DC transient exceeds threshold characteristics; and

controlling by said data processing unit components of said test station such
that said test station shuts down in a proper sequence when said signal of said

undesired DC transient exceeds said threshold characteristics.

13



Transfornm) routine on said signal of said undesired DC transient to

determ ne a dom nant frequency conponent of said signal of said undesired
DC transivedn2/03838l wherein a bandpass filter for filteringPODUS@E3B60d0M nant
frequency conponent of said signal of said undesired DC transient is
coupled to one of said at |east one voltage supply, said signal driver
source, and H. | et methed nbdeinfl 1 sehateintseaigttpsh glatiommeludee pdempirguiendesi r ed
DC transi ent. has been neasured tq.filter out saj om nant frequency
conpo ne?ﬂntr(‘?he"s'gf SFLURE A RGNS, VG iR AR ST FLRPVERS Stafda]g:s&eevﬁ‘fgsegﬂ%il.n o et hod f or
autorratf'?é‘rﬁ] n J%ﬁﬁgitélgoﬁ&é![@td@ﬁ@st. ed circuit) devices fromEGCS (electro
over stress nmage due to an undesired DC transient at a test station for
testing said I C devices, said test station including a testing board for

hol ding said I C devices, at |east one vo]ltage supply for biasjng said IC
devi ces, andl% si Ehﬁmeﬂlﬂﬂ@éPla%d?c\é(herﬁlérsab’rlﬁ9li’edis?@le&?¥? 9#0 Shytta coupl ed
to said I.C devices., duri ing of said I C devices, the nethod

i ncl udi f‘?@]gfeﬁgs%tfoé’plgdg s tﬁggéﬁs%éhg a signal of an undesired DC transient at
any of said at | egsirodRss thy enipgeusibioptyller@d raiatehsitgnpdratird withingheir ce, and
of at |east one node of said testing board; sending to a data processing
unit, via a degreoichowr08dldiusaboyeirepns fegmerate o @ raispddeBPPE@BCEHC t r ansi ent
nmeasured at any of said_.at.]east ane.voltage, suppl f said signal driver
source, and of at tqr@é}gt(’f%‘ﬂif dRs t“)‘\gn%lﬁﬁamt%’sqﬁlﬁgal?f}ég?r?f;omcfgt ernining by said
data processing ugit: whethGhsisaloitlednsily of,;8add undesired DC transi ent
exceeds threshol d chalfacteristics; and controlling by said data processing
uni t conponents otursiapdftesdwetveltagasupplylV.t hat sai d test station shuts
down in a proper sequence when said signal of said wundesired DC transient
exceeds said threshold characteristics. 13 WD 02/03085 PCT/ US00/ 33860 12.
The net hod of, ,cl ai I: ai i el udes a tenperature
controller f&?‘ set F@%&?@é@éﬁo@hﬁﬁﬁ}ﬁgﬁhg&gﬁGﬁavi ng said | C devices
therein for perf gominpthta datiBtérags @it ofwaidsduitalproCesdmgiunéssaid signal of said
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undesired DC transient and a time of when said undesired DC transient has been

measured.

15.  The method of claim 1, further including the step of:
performing by said data processing unit a FFT (Fast Fourier Transform)
routine on said signal of said undesired DC transient to determine a dominant

frequency component of said signal of said undesired DC transient.

16.  The method of claim 15, further including the step of:

filtering out with a bandpass filter said dominant frequency component of
said signal of said undesired DC transient at one of said at least one voltage supply,
of said signal driver source, and of at least one node of said testing board where

said undesired DC transient has been measured.

17. The method of claim 11, wherein said threshold characteristics include one
of amplitude of said signal of said undesired DC transient, power of said signal of said

undesired DC transient, and rate of occurrence of undesired DC transients.

14



13. The method of claim 12, wherein said proper sequence of shutting down
said test station includes the steps of: controlling the tenperature
control | avOppojoexiuce the tenperature within the oven to RODUS0LBSEel si us
above roomtenperature froma raised tenperature; turning off said driving
signals fromsaid signal driver source; turning off a biasing voltage
supply Vbb; &8d The mietgpdofficlampdweherenl saadatapropespingauit i 4 compreteryet hod of
claim11l, further including the step of. storing, at a data storage unit of
said data processing unit, said signal of said undesired DC transient and
a tinme of when said undesired DC transient has been neasured. 15. The

met hod of claim1, further including the step of: performng by said data
processing unit a FFT (Fast Fourier Transfornm) routine on said signal of
said undesired DC transient to determ ne a dom nant frequency conponent of
said signal of said undesired DC transient. 16. The nethod of claim 15,
further including the step of: filtering out with a bandpass filter said
dom nant frequency conponent of said signal of said undesired DC transient
at one of said at |east one voltage supply, of said signal driver source,
and of at |east one node of said testing board where said undesired DC
transi ent has been neasured. 17. The nethod of claim 11, wherein said
threshol d characteristics include one of anplitude of said signal of said
undesired DC transient, power of said signal of said undesired DC
transient, and rate of occurrence of undesired DC transients. 14 WO

02/ 03085 PCT/ US00/ 33860 18. The nethod of claim 11, wherein said data
processing unit is a conputer. 15
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