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WD 2005/ 073741 PCT/ |1 B2005/ 050347 1 Method and
apparatus for testing integrated circuits for

waeemsep7bi | ity to | atch-up This invention rel BCEBAG/@E0347

met hod and apparatus for testing integrated circuits

for susceptibility to latch-up and, nore particul arly,

to a method and apparatus flor testing CMOS, Bi CMOS

and bi polar integrated circuits for their

susceptibility to latch-up, so as to obtain

Nethsdimdapmtagis fovcestingtin@gtated esdutinfor slseptibitty t6 REH@png or

elimnating the risk of latch-up 5 occurring in such

integrated circuits. Latch-up is a failure of CMOS,

Bi CMOS and bi polar integrated circuits (ICs)

characterized by excessive current drain coupled with

functional failure, paranetric failure 10 and/or

devi ce destruction. Crcuits are manually nade in
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cause a short circuit across the device, thereby preventing correct operation of the IC and

causing discharge of the supply source or burn-up of the IC. Similar combinations of
parasitic bipolar devices occur also in BICMOS and bipolar technologies.
The I-V characteristic of the PNPN configuration illustrated in Figure 3 is

shown in Figure 4 of the drawings. When a current larger than the trigger current, or a
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vol tage | arger than the trigger voltage, is fed to the
structure, a snap-back phenonenon occurs in the PNPN

w@arasiiTuc device and the current suddenly i NCPERER2905/050347

When the trigger is renoved, the high current
continues to flowif the holding voltage is |ower than
the IC supply voltage. If2the holding voltage is
Iarger than the I C supply voltage, the ICis said to
be "latch 5 up free', because once the above-nenti oned
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within give ec:lflcatlons 30 for the maxi mum stress
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This method provides an accurate method of checking the susceptibility of the IC to the

occurrence of latch-up, i.e. the risk of the occurrence of latch-up in the IC during operation

thereof. However, this test can only be applied very late in the IC market introduction flow,
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occurrence of latch-up, i.e. the risk of the
occurrence of latch-up in the I C during operation

wo b@seeof741 However, this test can only be appl i BAT/VE095/050347

late in the I C market introduction flow, WO

2005/ 073741 PCT/1B2005/ 050347 3 at a tinme when the IC
has al ready been nmanufactufed. In the case that

| at ch-up occurs (i.e. the ICis determ ned not to be

| atch-up imune), it is not possible to discrimnate
ith timgtwhbe tpIC Ina slreadychern mehuifaetutdde In thpeke tﬁaﬂlaﬁéht-up occurs (i.e.
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present invention to provide a method and apparatus for testing integrated circuits for their
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performance and an undesirable increase in chip area.
30 W have now devi sed an inproved arrangenent, and it

WO g00a/0737hj ect of the present invention to proRCTEB205/050347

nmet hod and apparatus for testing integrated circuits
for their WO 2005/073741 PCT/ | B2005/ 050347 4
susceptibility to latch-up4in which latch-up can be
tested by applying current and voltage stresses
relatively early in the manufacturing process flow
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Pl Saerpeonpii « TR Sl pse SRy the method
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15 further a a stress current or
b s BRI B % it Gk es venfcts
obt ai ni nghre e lptesant ingantioreprovidas awﬂﬂmﬂtaﬁpaﬁdtusdﬁr%sﬁﬁg the

RLeFinlty ik
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Fest i ng the susceptibility of an IC design, with the
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art: 20 - up can be tested conventi onal
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patential latch-up issues can be solved before the
prordnuct tape-out, thus allowing a dramatic saving in
devel op rréhtltram@tﬂ@ prianatt tatcirep teauethod based an thehIE tpnt detribad t

42 S BB i A U o

above, in
¥ watiedl rapnethwmalyer irselfisiontdo prary pattkeag@éhrem@t at Wafer level,

HANMEINGH R e vaiBher anal yzer is sufficient to carry

out the neasurement at wafer |evel,
ermore, it 1s possible to study the latch-up parameter dependency on the

process and design variables in a design configuration closely similar to the design of the
final IC. This allows for optimization of IC design, by defining proper design rules. As a
consequence, the IC area can be reduced and IC performance can be improved, relative to the
prior art.

Each test block may be connected to a bondpad, via which a stress current or

voltage may be applied to a respective injector block. The injector blocks are preferably
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as a result of the present invention. Furthernore, it
is possible to study the | atch-up paraneter dependency

wonoosies74pr ocess and design variabl es in a desPQniB2005/050347

configuration closely simlar to the design of the 30
final 1C. This allows for optimzation of IC design,
by defining proper design rules. As a consequence,
the IC area can be reduced and | C performance can be
i mproved, relative to the prior art. Each test block
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structures such for Sl
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ANRNedi@H bfrUP latch &Pt St ructur es 10 The nethod of the
i nvention may conprise the steps of disconnecting the

sensor bl 68 H@GCU’BPIPﬂ‘gané/ﬁb‘f jepsqr ‘?IB‘ilfn%)"b’ be feterayned toce sypeeniiple to
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ge er IFRECPHE LUEEEably shipingdy B BTV &
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a current measurement thereat exceeds a predetern ned
ideregfpptlybiagdquent i al  current neasur errent s are

pref er abl The@@:ln@'oﬂﬁdasﬁécts%@ﬁ@ﬁr@ Nm!’eﬁttl&lhvﬂf Be ‘Iip%;%:nt from, and

struyctur sensor Beneficially, each
ve‘Sf?%‘?’lﬂ’dF%{?Rceéﬁaheé’g’(li’ﬁdl@é‘ﬁ%‘lﬁ’ﬁ‘mm%r@% an be

i ndependently biased and, in fact, in one enbodi nent,
each PNPN | atch-up test structure may be

i ndependent|y biased. 20 These and ot her aspects of

t he pr eseRmbadwearstof tia pwhsdnt intrati@ppi henbe dasatbed Bynelay of

kit 816 h e BRRNSAS BuchBoant R

ge%%ral beg erein. nbo B 18 - Ef]rﬁwm r’eggl e i nvention
will now Beurgéd ;&s@mk:bg@ti@groamgpt@fal view of an exemplary CMOS
integrated circuit illustrating the parasitic bipolar transistors responsible for latch-up;

Figure 2 is a schematic circuit diagram illustrating the desired configuration of
the parasitic bipolar transistors in the arrangement of Figure 1;

Figure 3 is a schematic circuit diagram illustrating the configuration of the
parasitic bipolar transistors in the arrangement of Figure 1, as a result of latch-up;

Figure 4 is a graphical illustration of the I-V characteristics of the arrangement

of Figure 3;
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wa@eksmei7dc cr oss-secti onal

25 exanples only and with reference to the
acconpanyi ng drawi ngs, in which: Figure 1 is a

integrated circuit illustrating the parasitic bipolar
transistors responsible for latch-up; Figure 2 is a
schematic circuit diagram®llustrating the desired
configuration of the parasitic bipolar transistors in
the arrangenent of Figure 1; 30 Figure 3 is a
s ch e rrat i CFigiire § isiatscheinattprcaoss-bdcliatal ildtrhtivg of RENPN test module
gfg%ra f the parasitic bipolar transistors in
ran of Figure 1, as a result of l|atch-up;
FI gur e 4 Figurab graghingts blick diagmat & tsst chip ntodele hecbtding to an
ﬁ%ﬁgie%{bbéihle&%féﬁé kG iehAngement - of Fi 9Ufe 3, WO
2005/ 073741 PCT/ | B%OOS/ 050347 6 Figure 5is a
schemat i FigFo3¥asdemptisreipuil dideres ofan Pramplsty HO PipiNvhiehsoan

B@Ld;bkiﬁanﬁﬁ@%fdﬂtﬁ@eﬁ:&nﬁﬁ@dlﬂ)efdf@[guﬁ@ Fi gure 6 is a
ram of .a test chip

h bl
2ccor di ngREY Sif » RHBIPLALyBHASa HHEHEDBP He: prekadish o
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of an ex O bl o can, be us
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Pa;i?bau@éh@hﬁafleﬂ@hlpmdulwféwum% a f| rst exenplary sensor

bl ock which can be used in the test chip nodul e of

Figure 6; and Figure 9 is a schematic plan view of a
second exenplary sensor bl ock which 10 can be used in

the test Refdrfingtodigh@ 6QF thEt HﬁWTn@s ﬁtesﬁ%fp@ﬁ(fdhﬁgcéoﬁhfg' t(géhr e
st chip nndul é accordlng

6 of. the. draw.n ate
RIS A R AT HR<B R ARt » PHOLRLE GHma bondpads
LDevpriacteéd © resppdtinig abply Yolafe et &F dhdlgrdoadideads ancﬂeEseﬁ% of test

|.t l 4
BRADSER ALl RS RRLY 0 805, L4000 A3, 200
eeneetive iraggtor h2 jo aermbdtesl, and Ea@lhh in@stor [2chant is 3Gnneaei sessershlark
POREPagkchis 1B gremhrfﬂgd ) gex{eﬁﬁeolgt%ﬁ }y ﬁrflssnﬁle (fﬁeos%ns%gblbc%s are fo(gl

connec d, and to each | nj ect or re | s connecte
laea%ﬂ’géfre IgFtogrsuscemibilityef theripstmpdyles Aspvilh peshiopyn.dpjeers ¢ap also

@a@aftate@tth@bt@muplﬂls&Fﬁlﬁl of P0Blodiee sensor bl ocks are
for nmeasurin t.c susceptibility of the test

modul e.  ACCRRPEpto C%%\%ly ggﬁfl‘é’é"(t gipndlardo g stadagsl Iybleck wsedin
the excinthal I€ dssignt 4né rdfatingre H*guﬁ Ut ﬂlpﬂtah'lidgls b Yircdft dlafi@in of an

Qéeflflrﬁllargrmjg%% IEies I 1se1 ts%r te% cb i1(tr;rxpli é%apprﬁmatteag%%eés&l E}%llled
m@e@gglpagﬁne ingaetpr ﬂb@eV@ blagk) can Hél ngyue @nipleg fthat et Hnamiedys a

Eibd:€ Y depel 13062y Rk maRs, exenplary injector design is
lustrated. OF course, it will be appreci ated by a
per son s 8Yapplying a stress voltage or current to the injector bondpad 11, 4 current is

dumped on the test chip substrate, which current diffuses to the respective sensor block 13,
where latch-up can be triggered.

A sensor block 13 suitable for use in the present invention may consist of
several PNPN latch-up test structures of similar construction to the structure illustrated in
Figure 5 of the drawings. Such PNPN test structures are located along the respective sensor
block 13 at increasing distances from the injector 12, in order to allow investigation of the

effects on latch-up of the distance between the I/0 blocks and the IC core.

vi ew of an exenpl ar pCTONEXB05/050347
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waelesnodi7ag on requirenents.

in the art that the injector 12 (or I/0O block) can be
nmore conplex than that illustrated in 25 Figure 7,

voltage or current to the injector bondpad 11, a
current is dunped on the test chip substrate, which
current diffuses to the redpective sensor block 13,
where | atch-up can be triggered. A sensor block 13
suitable for use in the present invention may consi st

Of 30 sewmgiral ofihPHNaidgsGhinstBed RS2 sShsor16dN18 For Qe in a first

h onstru?&?on to the strycture |Ilugtrated i n
BXTIRID) SRSimpR T e B e agT YRR e RePrIyE o fhepdaving,
dTeé’-WdtalﬂéHWall comngpcts ISB6 csfesth’NPN\test sebiRelare tdselly ghadmal8 and

GRS 5 RS8Rt AL LIS ALFE e 42 o4 1 YRl
&esmmsel 2b@tameqﬂow N@ ukg @dﬁ’f@mkt@pldn doltapes ahdRlpde permifD
aﬁ%ﬁﬁg ey Rhe b&%@g%&ﬁ%é 43 lach—E%gll{ﬁeeserﬁglq{JocqcP& in the I/O

raw n illustrates how a sensor or use In
HIOFlfSr e Nh%’érli’mhaﬁﬁﬁé‘%ofiﬂfmnselﬁ afefgannsptedta the Nmipand the R+

MRYrobEseo LR @@ﬂcuv%f Bl Bkga bﬁcﬁt@@b;ﬁd' PWoR illed il ¥8e art that, in
nt ac 6 of eagh PNPN t est

it oot P e B G Bk e e Mg A e
110 idjéone 2, difmpgmoticVinbsyvill whddehbearneal il kdspeet @Richiodtht hieE@nt
i*ﬁ?lq {Spslgm gs 0If/ g)enlg?r%fkg%éaf 5 the injectors 12, so as

erent supply voltages and al so
t o pe rm tThu@l |b3 plarigginghialie] a bet pijeetortfemsopllsaki cotipdes such as the
Q’fi&% kenbr gloQI co'uﬂt‘: %wﬁﬁl Fl%ﬂé Eects Al 1@1%&5% 1tQ¥ pdsﬂbl& fe

| ocks. ot-actives
%?ﬁélsﬁt%th%ﬁféecfd@ﬁﬁ@ww Giffgroptiupensel iwgctefmFarirgiame, the alfeet of

pitfeRet tHRASMYuart r@Sor LRSPBAMUL 48 bY invdstigad deP®, each injector and
fhe art that, in

reci ate skilled i
SRy o of et atreh ser oy lowinet 10121 he
saasigdtypicdplrao e daklopedt THewevet, ndcbrﬁéran:b’lﬁletSoﬁc H’oﬁdpa&élmﬂ hlﬁils test-
| f.feren r |nes Wi

b G Bhexcrcs i S0 by 807 By b BB By VR G
stapplet the well @ﬁtaas sfdhsssonsots|carchart the saihesipplipiines I8¢ 1 drgspeatively
RRPaa&lwayset of injector-sensor block couples such

as the injector-sensor block couple shown in Figure

8, as il |'nerderp &t forthirighe sepsitiyify of the HOddicky, the sapsor blocks

beﬁh\be $etfﬂ Mrﬁe&eﬂ@mﬁxﬁg t8¢tthg. O tHiddaSd)a MPRreRf or Ybifab&&RBtcar BERBPlied
For. i.nst ance, the effect of 15 different

%e e g e g T SHEAToRRS A b Bygaeasuing the currrt

ﬂmmagmngamadxgkd&ahMymmgamm%&mmeﬁtor and each sensor
woul d be bi.a e d, .thereby .
al | owi ng Ig aqu: g %rgéeéuﬁg I% | \e/:ls nsor%log ?gﬁ%%rgteg échemﬁchlly in
Higve Popbedravoge yaysilicomriags @@ pantha pktaadelrcnlnd the AN ¢hst sermyres.

tPB%hcotn%ﬁgs 20%&'3911@5&%%& &t ﬁ)qg{lgﬁ N < ou cﬂx?e% tﬁ@sr}lllming

shared by the injector-sensor

Bichryp pidighteraperpiies te bfpsieds withppt ttm@qlg@ﬁ@@frf@ ae arters hpaing
bdue S SRSl Py Micbh RGBS cAntiR pladdl ifi RSREG L NRdIYcks BGnckdte P-

mjector temperatare during testing.

Thus, the latch-up test chip described above is a compact latch-up analysis
vehicle that merges the easy testability of the typical PNPN latch-up test structures with the
advantages of the IC latch-up test. By applying a current or voltage stress to the injector

bondpads, one can investigate the latch-up occurrence in the I/0 blocks and in the sensor

By applyi ng a str eBGTI/IB2005/050347
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In order to test for the latch-up sensitivity of the
I/ O bl ocks, the sensor blocks can be |eft

wak@sontect ed during testing. In this case, a BOT/IE:M005/050347

or voltage stress can be applied to the injector
bondpad and the | atch-up occurrence can be verified by
measuring the current flo®ing to the injector ground
and supply voltage lines. 25 In an alternative

structure for the sensor block, as illustrated

blotietytsingdy yasirthg tiei cgmne Whef thd dil&erﬁl hﬁwufég 9n the supply voltage
[ und t he PNPN

812%{&1&1 {llhe% tlIJIF gg%?oc ocfgllelsule 3\@%&2 ag apr gtelil’f)él&fl ers

thirashpld, dhep trh-vp ds deteetecpm effers bf tBEt digroteivetgeen tHewasors and the
%JCQW:&H Be stl.uﬂ& t é%g ulgﬁtghmgﬁmgn?st 43 sgrs ?Eced%ts élﬁgjrbnt
without the re C}] or an external rh

%@?%ﬁonsthﬁim %for yDurp‘lé Hipahepsueamentat pagl sepsnm, theeotis em-,eedre inpt

Bﬁéi:ﬂ ethe o¥ect bf & PO@RKISdds2n bl ﬁl@}'ﬁ-%p 3QcdpRbifGloPhe sensors can
erature during.testing. Thus, the |atch-up test

?:lFﬁ Iysgiepiet Beseqsaially prp %n%%ﬁﬁféfftt" rhat%fﬁt%ﬁpwalﬁdpwgéhe
wakirClndiatdat ner ges the easy testability of the

t | BNPN |a t t
aé\ela(r:l? ag elgl Moo fﬁ‘%o ?%PH? %F‘&h“% B{nfl{lglg TP %B léﬂuﬁﬁ mgans of the
btehtup pest abip. Bivke the bichup eissset are bhﬁ)rmefdj nememt of bo ItijileediBsign,

- ' he, 1/ 0O
(A0 s O degigﬁ%teg ghe réc@ﬁed t%gé%@%gﬂg&fg%@%%% thebade Hind

Iocsandlnt sen . _
perle P’B‘Z@US’P@BTG?HSF“CQIC tdpsstihed abayy isgiserlo [Tis isdlks it reeplttime

ﬁgkﬁﬁcﬁﬂttreduw&rin tdh el Erﬁlmprﬁ&ﬁéll’e' o B%Iﬁllélﬁe %rh%@é 9 prior art
roun i nes of e or of the

S0 S Siad M o e i BelbheBs o lifapc-out, rreby

éﬂablﬁ%lﬁ@lkdihatlé tetreduatidivithRespect RECA6TeRGment RBeRl dr@fdh-Pfissues
bet vve n the sensors and the injector can

a
%rgget?&e i reptc‘f? O PR PRErOSSHtient i al  nmeasurements at t he
sensors pt @o@d banot@ﬂl theft the etve-meotionédamibedinferito itutthae rather than
I 86 bR ol i I RATHE PO 18 barBRIE B RERSOL ek

ot her ones are not  biased.
Hieaetvegabpdimensywitiont qeﬁﬂﬂéﬂg—prl thm@m@mf thipirfvientipn of defihet by the

z‘ﬁ@&ﬁi@d’ Slaif@Nin i BB Enyl rBRRLIsBAL Rited¥ pRRAHER! §h§11 ho¥ be
f(}qgtmygg the stress to the inj ectors whi | e | eavi ng

ogting P nime elhe work icefAPrising eaad { ompges| andghe like, does
ha bxhdel fhe pfesaieeoflelEmei@§lorRpd dRA i t86ke B¥ted B aRkS:1A of he

B0 b R SR o T e SR B
reésube dintchdesignandwyiceserss. €fha dtvertienmiy Edmplembiged by means of
ELRRES b h !

prior ar M Se@e?aelzé?hﬁsf ? ?I%Xg%nts?agld glgarnls fadsf‘1 ﬁ'il‘})(f(/%r %mrﬁ%ded
qompgteﬁ dup ﬂw&eylatnbenu@snamtg seyprah meagis.genefal efthese meahs oty b

doibotifed BY &R aRdifle SthelitdR %pﬂa@cl%?é ThE mbye fﬁ?ﬁlgﬂemﬁgasures are
rel 8tlve to prlor art devices. Furth er nor e,

tepieflingatunlly o sregtalvbisden BSms dohiapindikaie it a pamRbinagion of these
inederesdiinot bbb ydvkiagnabl i ng a dramati c cost
reduction with respect to | C devel opnent whenever

| atch-up issues are detected, relative to prior art
processes.
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It should be noted that the above-nenti oned
enbodi nents illustrate rather than |lim¢t the

capabl e of designing many alternative enbodi nents
wi t hout departing fromthe scope of the invention as
defined by the 20 appended®lains. In the clainms, any
reference signs placed in parentheses shall not be
construed as limting the clainms. The word
‘Ctadygsi si ng” and "conprises”, and the |ike, does not
excl ude the presence of elenents or steps other O han
those listed in any claimor the specification as a
whol e. The singul ar reference of an el enment does not
excl ude the plural reference of such elenents and
vi ce-versa. The invention nmay be inplenented by neans
f 25 har ri sever st.i nct
X by meard G E R e B REEh e Sl e R R
dhéahiupethe testinrodeln oorenriaing |1us1btwe>f @it biveles(30), ®@enweted in pafallel,
ERAIE HIRA RS fIRe AR i) REPOBLR ) B oA A el VB SR ER I 2

of hardware . I n nmeasures ar
theasspestvq test Rigek@P) grdgihpradinenfsenss ploskieh?) leskiail ptsuetossively
MRfeadinptiGALA ﬁtoﬁﬁﬁe 1@s éﬁ&ﬁp fnfeddot lﬁ&kgf%téa@ﬁ%nsopﬁé&t{[ﬁs
cannpt b t o advant age. 5/ 073741
qsgﬁﬁggyﬁ P leshSIEPtRieNVS: 1. A test nodule for
testing the susceptibility of an integrated circuit
esign to, .l atch:u he test dul e
?J] ural it yA(t)??Ifmeél e ag‘for&nﬁgsto £155) L Uvg%rﬁlﬂ 8%"%‘36%1?1&6%35! opgected
éeeciondpad {11) soid Kresompritof yfagerbeing ppptiedato sdid mipktof (12) vid @id
Beabad (g, & stress current or voltage to the
respecti've test block (30), and a plurality of sensor
bl ocks (13) located at successively 5 increasing

di stancesa ﬁJsQdehfé%cJoﬁﬁx@qg Elhlynel drRiafCs QrheflnQGH ifj é'c?&‘ blocks

h sensor, bl oc nprising a PNPN | at ch - up
f@gi‘re §‘F’f‘?féeldﬁ’Ft8’ee“2ﬁrgtRn% %?ndmml@e%&%‘r)d. ng to claiml,

wherein each test block (30) is connected to a

ondpad ( jd stress curre |t age bei
gppl i ed t%%%nll%iaierﬂccé’ C{H%jgr epye anLaﬂgs tag ‘I}Seg‘?jlb?f’&ﬁg (5,6) of
galdi JensoBblogks (183 tre payuiericel baweor thikdrgd faurth kuppiy libes( 8,t9)Adiffarent
fom MG HRL haSdbl HBhPRIRLAQsPCKS | (12) are connect ed

between first and secon supply lines (14,15). 15 4. A
test nodul e according to any one of clains 1 to 3,

wherei n coRrk@mddIeas0RIn éQf) any%ae &k t&%ﬂ@c@&m él&img %h&é-xﬁ)eacﬁr e

ed between thir f Qurt
PR b Pt amptip poi, Sind Fpregiveng). Vet et sinspiT)
bre n@miedtcido dSpective probe bemsdr 1idadLe,1g).accor ding to any one
of the preceding clainms wherein each 20 PNPN | at ch-up
structure conprises an NF and a P+ hot-active (7,8),
@hi ch hotA &sttmodek a¢cprdig to any one of the preceding claims, wherein heating

means (20) is provided in respect of said PNPN latch-up test structures.

7. A test module according to claim 6, wherein said heating means comprise

polysilicon rings (20) located around respective PNPN latch-up test structures.

and that those skilled in the art m1/IB20&/050347
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are connected to respective probe sensor |ines
(16,17). 6. A test nodule according to any one of the

w@e@sediTag cl ai ns, wherein heating nmeans (20)PCHIB2005/050347

provided in respect of said PNPN | atch-up test
structures. 25 7. A test nodul e according to claim 6,
wherein said heating neans'®onprise polysilicon rings
(20) located around respective PNPN | atch-up test
structures. WO 2005/073741 PCT/1B2005/ 050347 10 8. A
Bet hod of Atneshiodnftettihg the eseabilityiol it Mteghte@Birdut Qg ad REh-

G SR S Tl R SRS SO 24 B
bbl@e%@ ip B@)ﬂlel eedrigseld o3 () noquaisiak heinjectentd brkt(£2) forlabyikg a

. ) :
CAGL S S0 616 B, O SRBLY B
{osefyd ataprgessively inceepsinglispnoes drmdhe rbqpef@kgm(esztgy bleck| (6D zadd
SdnsSrbLLR B39) ¥dpYisih O£ PIERS aRE-u k&ﬁsﬁﬁ&&@ e rﬁ’éfﬁc;dnﬁ‘ther comprlsmg
é@ﬁectlve i njector block (12) sensor

DRSS YT TR ORrOpRgere ?nat%ﬂora B @%@tec@f ok G.Zé anc% cﬁ’é'—nmng
restlhottuf et iresure @A bl cié Signoraherbdpectiae SchéoR SBCIG YI3).ent
or voltage to one or nore of the injector blocks (12),
and obtaining resultant current nmeasurenents at one
8r nore of metwdpesplggttd demSe figther dompddosg dist@nectib sd sedsor
0
g?glgo g.’a% g%%lct | nagblggt;lugx%g galhdgég?gs%ﬁgnyﬁtvgfﬁ%%% dg@ H rﬁ&rg 9 said i injector
Blopsi(batand ﬁbté‘flmé SiTEnigngagEemeniy et wigtinj @ﬂ’fOT\'Pb’ICIESe( tq detaynige the
BscdpBbifityQhers@icdatbiipect or - bl ocks (12), and obt ai ni ng
current neasurenments at said injector blocks (12) to
determine the susceptibility thereof to latch-up. 15
101 A net hﬁnd:tlﬁ)d aabiling@o ¢18ma| o b1ain, %erﬁlhai& ﬁiye‘ator M‘lh&f(ﬁ‘i) Rra
nsor ocC

ot MePE b s aihel bk shienfe e ke e Siropt migbutppe s
ﬁgaghaen@ﬂﬁnmhéﬂ@ahddexceeds a predeterm ned
threshold. 11. A nethod according to any one of clains
8 to 10, wherein sequential current 20 neasurenents
ak-e obt ai Aathed aecadivg ENPX oheaf claimp te 8 twhereinsequential ayfrerg
SRMGRMmekb £ Kbihihed) at cabl PNAN TRIHNQ s AGEQLA 'of‘:gseh&r Bk (‘P.g
of clains 8 to 11, wherein each injector block )
and each sensor block (13) can be independently
b2.ased. 2B nkhod Accaﬁxng (fxdan?g?l ofsfdialhg 8it6 1T hikkidinkdch iMyBdRd: Biobk

ach JPNPN | at gan be bi ased

aénlc()l Sac sel%sPr lﬁockl'dp.%) can be nfc’dtelgelfllgenHyl; &ase .

13. A method according to claim 12, wherein each PNPN latch-up test structure

can be biased independently.



