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TEST STRUCTURE FOR AUTOVATI C DYNAM C NEGATI VE- Bl AS
TEMPERATURE | NSTABI LI TY TESTI NG BACKGROUND OF THE

| NVENTION (1) FIELD OF THE | NVENTI ON 5 The present
invention relates generally to a novel test structure
ANESProdREE€TURE FOR AGT OMAVIGDYXNARIT NEGATBE-BIAS
Tenper at ur eTENMPRRATIURE (RNFABILIEY TRST NG

sem conductor devices to inprove device reliability
and performance. (2) DESCRI PTION OF PRI OR ART As

feature sizesBATKSROINMDOITHE [HaMiNERNECT ease,
along wth the decrease in to thickness of gate oxide

| @yerstp Degatl YvENagoRenperature Instability (NBTI)
has become an increasing reliability and performance
Cldmceresent NBTntios ebttes| penietaly exal msicl ebsy stractakontd process for
hannel .devi ces,  but. is directly.rel at to device .
autom G, R er oY metpeplore o LB o Athgmiapnductor
device®fo itdpeo NRIEVi dediAslal land paESHABRESM i s conpl ex, but is
%enerall believed to be caused by the generation of
[

At BEPGBE TILRPOF BRI ABdVi ce silicon generated by

n tive hias.and 15 accel erated. by high tenperature. .

o ST e ok PrIhatici SeViee feF et PorloBE Hid g decrease in

thickndsRoe gelodidcahvraal@hatisé BeS TeRafetdt@d! 1asthMifaN TN Ras become an
devices. It is therefore nost inportant to test and

increasifg eqliabBigy |ang gerpEmatcepymsede W Hs isuseldiimited wreysiseldo short
[ it p I er . Glrcuit . operation aover,. .
crannef LU ot AR CIRLOBELRLY GHL Lo ST AP 050 regpon. e

conventi ona

theory dethe NBTI degradiatioe thetigangindis @aMh1E BeEs lobd @bl yBulicvaDiof caused
PMOS devié)&es has been_a constant_ voltage DC gate )
by theggepgration of iaferiaemrippedn fio Aevies pilicamsreneted tyeaegaties bias and
i S, :
el BRIt P 0l 165 13 0RBIRA TPOCS b
charactstiftjesc partioulhilgHot @ivp@S atewives.chrigithérofose nwhethpsrtahtao ttest and

t he chi ps at dissipation or the environnent in
model (s &ﬁe*wﬁeeogmq%ggséqyéc@a,us T PSRl SRS |10 GSRIP RIARSS hoircuit

operati¥RUl & d30fce Bgeting® Proj ected by the prior art burn-in
testing alone, or prior art DC stress testing alone. A

dbnwentdngned] MDor gatrectbod of dettrmshingalelvicgumaginpand Bence lifetime,

' strated in Fig. 1. As sho in the figure, a ) ,
for PMOs, SRR T8 v disetint 3815 W ile o, pREY Gambited with high
ambien@b®&h RdRmbRrafrea PMOS transistor 12. The

Source/Drain (S/D) 14 of the transistor as well as the

EhahpebiesUgsss wee dovmed impsirtantigechgseqt basrtbenl foulidehatefor devices
T A RN ST M —
or the eB@sHMenEntwhiak gha'Bldp 10TscdeWBIE fBifaeaGhiebt&t viteh @0dld not be
projectgc%/ by the prior art burn-in testing alone, or prior art DC stress testing alone.

A conventional DC gate stress test configuration is illustrated in Fig. 1. As shown in
the figure, a constant negative DC bias is applied to the gate electrode 16 of a PMOS
transistor 12. The Source/Drain (S/D) 14 of the transistor as well as the channel substrate or N-
well 10 is grounded. The test is most commonly performed at high temperature, typically 100
degrees Centigrade (°C). Periodic measurements are made of device characteristics, and by

modeling lifetime projections are made.
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nodeling lifetime projections are made. However, the
PMOS device is nost typically used in a conplinentary
PMOS-NMOS or inverter configuration 22 shown in Prior
Art Fig. 2(A). This circuit configuration is

tH@Iv@@k |the DREOK dévieky RandsE il lyGaéd ﬁﬂﬁcmﬁﬂlméﬁtﬂ’t}ﬂm{-)&NMOS
The amount_of devi ce degradati on due

or lﬂvmﬁa@qr\f@ueﬂﬁg Yenpratioriomsttabig i2(4). (T\lemrcpg mﬁgurauon is
typlcalg\gl\ﬁlk%g Ztg&yl}{;e]l?rﬁ %Igatfoqﬁi Gt ’staﬁ?gr b& e ?xﬁgzrfrﬁelggﬁwg ac%ation due
to Negakiat-Bids, Tctdﬁ;ﬁarﬂ&tel HetabﬂW@NB&“I)Sist ruﬁtdoﬁﬁtantTfiblr Seatls device, but is a

di s d.in the paper, "Dynanm c NBTI of P-MXS
functiofy g &S foresSariasd sWitphiag rctigly MEBHETASC sirFHg thigyisgthe device
dynam@ﬁ&atu')\ﬂ F. Li, C H Ang, J. Z Zehng, and D. L.

Kwong, | EEE Electron Device Letters, vol. 23, pp.
Thig EﬁdlsdmdeﬁOEe patee "Dapmmcslﬁﬁ”v"\s oﬁPrM@lSﬁﬁiansflﬁoatsiamdsits Impact

oo K LS SERL P 1% TS PLOLEEb SRR e
Electrcﬁﬁl@@xﬁé‘e Eétgms 4o8nd, hEPTRMKC e henE B ﬂé?%xo{ho%t a dohnflnal 10 times

for conveni ence. The'inprovement fetine
Ilfetlmp ﬁ@ah@etﬂ)mdyr@ﬂa@ projdativedvero: sttonehe  ref er ence paper
Thi s

Cﬂ})? Wdlhﬂiﬁ[g?%&%l e ge?SrSm:qq\%%t plag%ts S&EP)WgF%roglﬁcefiH@re as pr101 art Fig.
2(B) fon\efitedlenctWTeRe ampRSihicNe iV OkdRYE ptiedoRSBRMtrMutdd® what the
PMOS gate. 15 Prior art Fi % %y\'ém) Shows that durin
referench @apifraht.c clg@icarassimatisin” 4EP). HER" ¢pys qiurmgathem%_ or "low
output“ \E/]\%% é]feth E) g)texl %eﬁgg)ﬁb?%% goaﬁaeg'etlsesrtesenlt ar t&égg/f(#] g%tgl tsh e
dTrﬁir rartm;gszawouh\z(wutmat |dsmﬁg) rHelefom@m@h 6}%&_12%0@ df%ltrma&@m GET (22) in
"volta IS 1S

a CM%§/ ﬁ%‘fﬁ“@f wgtth% @Hreim gﬁﬁe ﬁéfé by r{é{%{\éinmamtwdme@geen "high” and
"low" %@@% g&mre‘%hé H&h@tqak f({fﬁf\folaﬁqyc))rreﬁ)gn@iﬁgifﬂ{)l’r[%ﬂﬁgbe e%n "Tow"

ares t et’i me ‘proj ecton
and "INB vo(t@dBTl'[)hlsaSsttﬁst évhaitic Feg. cdnditeid Dy rMaynagié Dﬁ&'ﬁh)fe Bias
as t d.in_Fi 2(A). As shown in Fig. 2(B), under
Tempeggfure 3 iy Bitage, the lifetime predicted by

DNBHentiSndiP Qﬂ%qu_%t @Jnﬁpzﬁ'es RO Nedeticle gl‘t@@&ﬁﬁl fhahth Static NBTI

predicted by Therefore, 1t ritica II
(SNBTI}rpmestaﬁun Fr rg 1i mieQyaared (D(NB'HDJ g sested ih IW@SH(AgaﬁtﬁsHNB?ﬁI in Fig.

under, such nam ¢- stre condi t.i on ig. 3A .
2B), SR Thed ik, SUOE Dara S b€ TRl st BBy eI P i Btbrapigtely a
magmt@ﬂe BIngEafien pRalchd g SRBTE SRR O 1§érltﬁzaﬁmp(§1@d\ﬁk Fcﬁ" integrated
To sinmulate the DNBTI condition, a train of

CerUItS_/\@\Aé‘y;eS’flwe S lainidergsuble dyvesgmi c fhreg:hfiordltdmsl ow' voI t ages

<SR4Tk By 36208 DB Al B M s
1epresen!ﬁt@h of \d@l\ﬁ@geﬁmc@ r'Td Sdngae BIRaSNBANAsKJia S, fa trdif OMdAge waves
Vg swgc?glgg ggtlv%grg S?h:}g/ "and "low" voltages is applied to the gate 30G, while the drain
bias Vd is correspondingly alternating between "low” and "high" voltages, or 180 degrees
phase shift from the gate voltage Vg.

Representative opposite phase square wave trains are illustrated in Prior Art Fig, 3(B).

A negative Vg turns the device 30 "on" causing the voltage at the drain 30D to go low. This

drain voltage therefore is a 180-degree phase shift from the input or gate voltage.
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30 Representative opposite phase square wave trains
are illustrated in Prior Art Fig. 3(B). A negative Vg
turns the device 30 "on" causing the voltage at the
drain 30D to go low. This drain voltage therefore is

arte t%&'ﬂaﬁgi RelpfAS& shpfibr MTOF"g@GQ) | AphseOl padkeenerator Vg is

vol t age The t est setugols ilTustrated in Prior Art

attacheg t@t@g@)swnm Shas do theperite 0GR Skl OSwievias under wsh@T) 30. On
the opé SI}MZ %U‘f‘?%éw %nltshate lﬁlga% ggs:? n%tei%f"f%(s\%yg%f Qﬁ? Yb&‘%ource

Measuﬁe\mdrﬁ Unﬁvﬂiéte] Thix rbﬂ)x@@éﬁtﬁ@@h@ﬂ@hﬁdtaﬁ@ﬁ:rm&;fo Bekiodidelly monitor
Source Measurenment Unit-Gate). This represents t he

the DUTn?sQ pResivnalsharciersfisy Ratigar bithieslld spltagenoni t or

| ,
| SRS B35 ) B PR o o
is conﬁe@teﬁhhrcﬂ:ighmﬁmdpsﬂdepcdé S8VE ofi sRitGYR Wt a bevohd rpnlsel g&nerator Vd
i ected through tﬂﬁ clé)gsed oI e SW-1 of switch
that is {80 degrgeschig o bBMEE YYENEP ANt Mitlse graerater Mgdnage é@§1mulate the
DNBT‘P % (9{1019 Qlat?a?n Mgcglal;éq@a%a@ 15%&)2%(?% ae %gtrea_’;t()@ thgg%hf difhech SW1,

t 3 sinul at ndition, a train
and an&mpam@ Maves gndl Vidsis appliddeid the dtahrethgatgh s30Ch tWBRgwitching SW1

and b By A6 Sovige M ferRPOUoH: S0 6 R b8 vt hgragpization
measu@ﬁﬂ:n@/\@pbﬁ doh1ddag SR e GicMBABMERBRL thblScHi aréd Boturned to the

enabl e devicé characteri zati on nmeasurenents.
stress nﬂpﬁwnéeni)tmtﬁrﬁ@ tedhimgden icedinmeasur ements the swtches

e retur ne tres oS, .t s .and t he str.ess
T8 GHRRDRD b Mok e PSR uyoB R PG5S pRielS BRuosite,or
180 d@a@e%eodtechalsha@@smperofesi bsuetgﬁ%mué $E8tE@SBRL 1sYin®RPAE! tE achieve
or. 15 180 degrees out of ase. Proper test voltage

meaninghidsiesty ispltsi dmseitgnalsing e, rQO&Hjt pessiblic pilewate theeabdsa gelationship
admstrﬁ?rftébﬁ’t%?w A%ah %CA&E) §1X1t1 :{}nall mlt WY %rftre%ﬁxeygpyql %qn%oss' EL%/

IOﬂ

éDtI emrnﬂlhrlt@tmwd:mmlgteetasbthp mqunbmghtsj @) B efeenal tpa&taldmg:mts are
summari ze the external test setug reqU|renents

reqmreéx%le%éﬁlﬂ\oM% swHchgsuangt sgveral DAL vl Sverdl e fest \ﬁ@tup can be
tediousSéMdt tﬁﬂgﬁorﬁgﬁimfggg&{ @t@l@%&fd ngltlsclead%/gelregh sif E&%oglgg;ogerijrf q

setup can I'ous and tinme Tonsumn
I’ié&ofotlmmgs;ﬂa&am degeritesait @nilfctoodnddOBEl qestﬁxﬁddynodﬁhag

0 pat nts deseri be seni col ductor and NBT
@é q)#&r%ﬁd “ﬁgN%@é tEstg 3acs B [y jhes%%arﬂg)ﬁthe present

inventibgSti ng accord| ng to the prior art of the present
invention. US 6,476,632 (LaRosa et al.) shows a ring
ds¥ia.47atese (deRogn eff alr) MESEET rihey pdlat@bdasegni fini MIOSYFET device
NBTI testing. US 6,649,984 (Noda et

I nc '
reha‘bﬂé\tlySf tpgé%%%%la%ﬁwl {188t i ng using an inverter.
US 6,649,984 (Noda et al.) teaches bum-in testing using an inverter.

US 6,521,469 (L.aRosa et al.) discusses in-line testing for NBTI using hole injection.

US 6,456,104 (Guarin et al.) discloses a test structure to externally apply a stress
voltage to the gate.

US 6,671,844 (Krech, Jr. et al.) shows a memory tester with multiple DUT testing.

US Patent Application 2003/0233624 (Reddy et al.) discloses testing discrete transistors
for NBTT to estimate degradation of an Integrated circuit.

In addition to the above patents, the following technical reports discuss NBT1
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US 6,521,469 (LaRosa et al.) discusses in-line testing
for NBTI using hole injection. US 6,456,104 (Guarin et
al.) discloses a test structure to externally apply a
stress voltage to the gate. 30 US 6,671, 844 (Krech
JIDynei NPT TSHPWMES Meamisyork @Al e Iwiphdt JAUMOSHET Bellling" by G.
testing. US Patent Application 2003/0233624 (Reddy et
Chen, - B Lyils 3. o'yt I te hohng ad o rletkevenea HEl & Elcron Dgviggidptters, vol.
t- o8l gradation of an Integrated circuit. In
ZLppégﬁ??%%gﬁ%gO le above patents, the follow ng technica
r'épaatse MBS usSP-NBPS . Tradbistysnand s Migdct oh BeWtd Lifetime" by G.

TransLstors and itsﬂerpact on MOSFET Scal i.ng" by G
Chen, kengnChygh, Kl B [, SAH. fhanafg H. pngzd. ZzEheng, Yatin and I{L Kwong,
iohFiEEeI AR PARPE UL EGoLaH DalAS TR :
%%fﬁ%lé)@oec 2002, gséyna%‘;‘?oﬁs% Fx{g?ee&}’% ajrlg’gr%? &I pp- 196
202, Aanb20(3s | npact on Device Lifetinme" by G 5 Chen, K
Y. Chuah, M F. Li, S. H Chan, C H Ang, J. Z
Zheng, Y. Jin and D. L. Kwong, International
Reliability Phygi i r Lhg, Dallas TX
Ush, pp. 106 203 BRI OB gt RERRIING: e
INVEhWIé)IA@c?%dingly, it is the prinmary objective of )
tAEOrHY Mt it Shibe PriFFBY PRECEYHOVEE Inventigefq prevideg novel, effective
sructuf A R g Vb B SR By HERboh Blricular PMOS
FET ddeiwcege®, dtwrmiatebpnaneicDypgative BegalemgerBuss Instability for device

o Tegf.eratgre.l nstability for device Ilifetine scaling
lifetimg 3epline SRE QIPEHOMN t i s a further objective of the

ITPNENLHRE dbRcBREH 1Be bR AUD QRIS fhid RRIhAQ b vAth a minimum
m ni rum anobunt of external test equipnent and setup

amount pfiexternsl tesi eguiginentomd setupitinan obj ective of this
RS e by O RpTF i uida B3R with enac

test pdl§e Q4D Ghased P&atk@x_sl'ﬁ%)@ | & 8leRAASHdJuencyC 3RACH ¥NEENRE Darasitic
LC coupling associated with external wring. It is yet
capacitgpes #wl Lo bpedinggpsoctaéed wille px ! woingr ovi de a met hod
f form JIl. testing using accepted. .
ot e G R bR POt elP B RERE REGirping e DB

testing B agkpted MganuRuRNg @PBbEd ERBpdBU M@ NRO t&y@fed trAfufacturing
devi ces being tested. The above objectives are
and opgi@HnsRsyiEMeRie ebigalsticcwpeing isedenbodi ments of the

'"[Ffl\ée%dv%noﬁjgc?t}ve?ea%? refcm‘:é%cﬁi Oz%%&)rd%ﬁcgét with' Hgt %&(ﬁﬂl‘gnts of the
process to-'create he structure. e

invention that describes a novel test structure and process to create the structure. One
embodiment of the invention consists of an integrated inverter, two integrated electronic
switches for switching from stress mode to measurement mode, and a PMOS FET device
under test (DUT). Another embodiment of the invention enables the testing of multiple

devices under test (DUT's).

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a schematic representation of a prior art setup for Static Negative Bias
Temperature Instability (SNBTI) showing a PMOS FET device with a negative voltage bias

on the gate and ground on the source/drain and substrate/N-well.
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enbodi nent of the invention consists of an integrated
inverter, two integrated electronic swtches for
switching fromstress node to neasurenent node, and a

PMOS FET device 25 under test (DUT). Another

efpoztianant sehplifid schvemid epreeaabi®sott Heribest ch@p@hentary MOS

. multiple devices under test (DUT's). BRIEF
m"’efteﬂ)@@ﬁsﬁ'ﬂ’@\? BMGRenORMAWNESTFi g. 1 illustrates a

S8 {E AL SRRLRE Mol pRi B ol PR Qg g oxide
thicknesh oWl Bgna fd2NoE §iflc deldyaemid NBTasinesgat i ve vol t age bi as

30 on.the gate and ound on the source/drain_ and
dugst i R S.lmﬂﬂﬁvg?m%q%syh@%o EMit FET adergoing

' - | f (oY g 1) I t
SERBFR L SRR DAL g IR BB o
in pha@(rBatibsshap.gr aph showing lifetime projection for PMOS

FETs. with a gate .oxide thickness of 1.3 nmfor . both

it 1) e Tahaf Binefon of E< BT ooy 3 A Fulpegigipand the
180-d éep?l!a!;’@xleiaftibﬁgliﬁ?&%@néﬁ&tﬂlg’m ﬁ‘?es@te%’ﬁ@ FET under goi ng

ynam ¢ NBTI testing show ng pul ses on the gate and

dfigi A Qhata prier 8GinEifiededlusipation of m dyhegie NBTI stress test setup

sonif i PARTSBR BE xTh, hFeF ABbBLr s BATHRE hOPuion

(DCSMB0- degree phase rel ationship for dynam c NBTI stress
testing. 10 Fig. 3(C) is a prior art sinplified _
i g4 as poshonatis dymgrimdbodprentgr the nvertsan sewige the integrated
inverter Wﬁ%’éﬁ%&%@d?&’%&%@@? aﬁ&%%ﬁ\@,@%’ﬂ ]§§Tgener ators and
neasari ng I nstrunmentati on . Fig. 4(A) is a
Sifiedm) ¢s of tabhe ofnpoglitiantirafit tbkadenviontthensteowelg and the
the integrated inverter, integrated electronic
measuk L e, and a PMOS FET DUT. 15 Fig. 4(B) is a table

:ﬁhi %.i YLDLURMAGE 0f léhétpég?ér’ﬁ:l?gﬁﬁ%ﬁt%f thd %v%ﬁtﬁo%ts?hgﬁ%@ %quggrated

nmeasur enent cyc is a schenma
inverteanod blectrend sditehenindmuttipde PRUE@EHDILGR. showi ng t he

. , . it q
B e R N
the invaRidzont al topographi cal |ayout of the first
enbodi nent of 20 the invention. Fig. 7 is a flow
diigg? amd dowt Hiegpnodestet wrodasvabogevelop the rfgst embodiment of the

. enbodi nent of the
mvention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 4(A) shows one embodiment of the invention for simplified automatic dynamic
testing of NBTI. The CMOS inverter 54 is incorporated into the silicon of the device to be
tested.

The inverter consists of the PMOS device 56 in series with a NMOS device 58. The
PMOS device 56 gate is connected to the gate of the NMOS device 58 and to a first voltage
Vpulse input pad 52. The source of the PMOS device 56 is connected to a second voltage
source Vdd. The gates are also connected to the source of the first integrated electronic
switch 60. The drains of the two inverter FET devices are connected together and form the

output of the inverter.




i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Fig. 4(A) shows one enbodi nent of the invention for
sinplified automati c dynam c 25 testing of NBTI. The
CMCS inverter 54 is incorporated into the silicon of

tm iffeariet 84 botphevoltags Vedt hakhet 8omegfeteqma@q+aﬁh§ﬁsﬁlp01frorhhﬁe input
MOS_device 56 in series wwth a NMOS device 58. The

first vm‘/@élﬁﬁc”@useuw &Opisis dhnirempeded o thadragmpbihsfseeqnd integrated
MP% v, 9 and to a first voltage Vpulse input
NM pad . éI"’ﬁe source of the PMOS device 56 is connected
tTheasosieontd theolnvartre SRIGDGR de cVatkctsthe galiiad valtgeaddibee, Vs,
. _connec to the source of the first integrated
5 typically @RFRG NS LU L 60, clogtionis AMAS By iteliss v gonnervest fogether and
to a fittFoldQ¥is682eaV e %W%E@Q’c#cﬁgﬁ&g ®he Q\pﬁc}%g’ Etgi}ﬁt%ﬁ%ously switching

out put” of the inverter e I nverter
them tw thiet"apen’ Wdtlomt@ pasifi8@s. degr ee phase rel ationship from

BB e becSt alePreRER o it deled b Y heaisriacd o fourt
voitagé\"y@c@ |\thefn@nﬂocth§V\dthd% Sthe TPABOWCL 69 ThEGLU I BE second
58 is connected to a third voltage source, Vss,

10 electroglqwﬁ%gwyc}gdmm& Pheongedted toothetdate ofibe FIMOS rﬂiﬁ? (!54 and to a
st R U T2 SRR, 19510800 18 Byl e soure

Vss compxan@ge& BUMUWitcaneously switching themto the "open"
or "closed" positions. The drain of the first

dihecottag canmos fansitteehtesteanil seeaparemsnicigstrie shaseh inghatable of Fig.
I : u to the source of the
4B wh{g% Pfﬁ&gifi@%%tea%geotﬁ)ggyrg‘fmﬁgesecond to electronic
NMOS switch device 62 is connect ed to the gate of the
PMOS DUT 64 and to a si xtlﬁ (?gjgl source Vg. The
drain of the PMOS DUT is connec to the third
vol t age source Lrcuit. The
vol t age sequean%Wes§H%g\s¢€§@ﬂgj? enent test

is_shown in the table of Fig. 4B which is repeated

15

here as tabl e| DURINGCSTIRESS ence. [BURABGEVENSUNNBIENT
TEST VOLTAGE CONDI TI ONS DURI NG STRESS DURI NG
ASUREMENT _ Vpul se Varies between 0 and. Vdd Fl oating
Vpulse Varies between 0 and Vdd Floating
Vdd Vdd Vdd
Vss 0 Volt (Gnd) 0 Volt (Gnd)
Ve Vdd Negative Voltage
vd Floating Dependent on measurement condition
Vg Floating Dependent on measurement condition

Referring to the voltage table and Fig. 4(A) it is shown that for the DNBTI stress test
portion of the cycle, a square pulse with periodic waveform is applied to pad 52. The pulse

20 magnitude varies between a high of Vdd and a low of zero volts, During the positive or Vdd
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Vdd vdd vdd Vss 0 Volt (Gid) O Volt (Gid) Ve Vvdd
Negative Voltage Vd Fl oati ng Dependent on neasurenent
condition -------- ----- - ----- ---- rg Floating
Dependent on measu renent condition Referring to the
portiow of tlzgeydahhe imdelFbigcuiﬂﬁfAPM@S idsvisl 06ns tiratd befraddhe inverter

NMOS e 58 th (e 881 EROAsRo i o ehegadonon Tiey state
approa‘?:Hln%e\/s% Qr gﬁgﬂﬂtéjg@ %r%%qagﬁiw HIonR LRt Q'%}ég@d Gand a

| ow"of o volts ositive or
pbs hoted Hthet\métagg/talbha, duheg thewsaessetestahe elebtrorhd sPMBgate voltage,

ce 5 is tu ned. .inverter devi.ce )
Ve, 13%}@ dg ¥ ha@a 1‘6Vr? eV elbfl rgrgg(f S POSYE: \éq,ltag%/%s eh %oth electronic
switchV@iREB0VOUIn Ak "Bnt BIVCIBEAL Rate APRELO BRI MY vM%a%e%Burce Vg is in the
ground, a 180 degree phase shift fromthe input
ﬂoatm\%cﬂtatagl@mn&sthm@tr@&ﬂ partiothef vid tyude thabbbe, indertdr gt evoltage Vout

ess test . .the el.ect ate voltage, 5 Vc,
essentia Lyﬁ@i’e&“ g0 e gatey 053% ?@@eﬁ%éﬁ@i@h?gnt to vdd. This
p@&idhi'r‘éﬁi})/ @hﬁﬁg ﬁlel'lﬂlgﬂ sr rali Ry@k @€ WAk Cthe YEtht el Q&Vdg@ §Spassed
62 in the or closed state. Since

througbdh@ algeeds B @bfcu@mpwmh tﬁﬁeﬁndfqn@athm@usqeaqfethd @Mfﬁ@ DIbHE to 64,
There ?sI ego;héﬂ rv&d ho&ggjé)gctﬁg eV‘fi%% \/:d 15tefg)§itsm O\évuxltlrrrx]% 1%st ]?()ré’ug? F ﬂug test. The

posm‘ENr@l Eﬁfcealdl'ta@éfanmmgmf edilltdg&! esstttialngrel/Bige Biagdy tBE gMd source
cle of Vpulse, the high vdd voltage is passed to

Ofthe BHT: 6k Peqvéding the regptiva Rt $5A%-c switch 60 and onto
t)Q@ M G 19& Vﬂjﬁlsg%c%{r rhd ?ﬁ{%]j‘l Jp?giﬁ t6 . Mts tha mverter 54
con e vol tage oat’i ng during

devices hiss sp@ttchlstnﬂe ofithtthe inwvesttr PMGS 56 oshirigven En(gfheﬁﬂwme NMOS 58

turnin%?)lgf[ 2‘giest ;ﬁgg é}lmjf? l\élv %ngtng%% 8{}%&9 g?lezfc’gzg\rfl%l %&?rpelé}e& %f%d which is fed
ul se

througvrtl%/élgéeﬁge&hﬁ e[b%%ﬁicvs%l@h @% t(g %hre%g%' ofifc f’lfl}lgg Q?bet %42

pul se swtches froma to O
i Tueplages Hpositiee deldgeas baalssa)l thei gatcho Stha tiE Wick hont diesrate cycles

o BSRSEHUT ISR R0 AR08 S (b fmperser M 880
inverteYOht p@kesQss @ff&dt@biﬂse\@@nmbﬁﬁed nd et R AR fé@ede{grees out of

cl osed second el ectronic swtch 62 to the gate of
phase. AVies DUP enflicthivith Peardinga Vaosi Vize flvatingadeing thbi mstiom of the
the gate of the DUT 64 on alternate cycles fromthe
essentially negative gate bias cycle. Because of the

fReRetdeqRe Gfvetties inbedide the stray capacitance and inductance are minimized

test.

over those of an external setup. The same is true for the imbedded electronic switches; the
stray elements are minimized over that of an external network. This enables the invention
device to operate at higher frequencies than external circuits and more closely emulate actual
circuit operating frequencies where required.

Fig. 5 depicts another embodiment of the invention enabling the dynamic stress
testing of multiple devices. Again, there is an imbedded CMOS inverter 154 with a dynamic
test first voltage Vpulse as input to the connected gates of the PMOS 156 and NMOS 158 of
the inverter. The first voltage Vpulse is also tied to the source of the first electronic switch
160. The source of the inverter PMOS 156 is connected to a second voltage source Vdd,
while the inverter PMOS 156 drain is connected to the inverter NMOS 158 drain and to the
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20 inverter the pulses are effectively
sel f-synchroni zed and therefore always 180 degrees out
of phase. There is no conflict with the voltage Vg as
Vg is floating during this portion of the test.
drain oBeltastsend dectionuestiesh 162, Thbesdgedof thb&efteaMMOS 158 is connected
capaci tance and inductance are mnimzed over those

to ath16¢ V%IFﬂg@)??‘érFﬁXISS $otieally grRendane is true for the
ar e%@éﬁfi)&?ﬂ%‘g%&cf 91@&t?0:ﬁWI\ﬁ¢3§%w1ttcﬁ ﬂewgéﬁ B 3%2 %heep%)ﬂtltogether and

over that of an external nétwor
to a fiféneddlags svdree Nrw@hkt N@nfodiege meut @napbrtat eleatrodit ghﬁéhes to convert
uenci es t exter n% circuits and nore cl osel

fre
the cirgff PRt ATe To QAP DIt Hhg n e BIBRE st drain of the
first lE @AM &htchFl b is Eéittgﬁ%ctbsa RB0Rh VBltage RN, @ ihd r?ﬁltlple source

i nvention enabling the dynamc stress testing o
elementudf mp]twlajlﬁ\ﬁiO(Se@UTAgé#ﬂ 164+ér 4-3 HEre mmﬂbphdeHT@lvﬁﬁce elements
rter

i n 30 |
are alst i 6 S bt ol e e Gllee VU0 60 MRES spios->
These P81hgBIVER ud@Bd R fngtthe DOWBAsuRiment BEHE IDSTs YR ARG hYRMeR ics.

is also tied to the source of the first electronic
shhiet sohrce1g0the FaeonslotiME@S sfectrheici swishtdeviceMB B5®nnected to the

O S eh CR TS AR E—

to multyNOSode& sfrtad ﬁlxﬁln\éblﬁage,t\h%as ihdart byentdies SRLONY4-2 and 174-3.
el ectronic switch 162. e source of the inverter NVOS

These yoepsarg gpgredirg the measwremeny foiclaglhgbths B EeDUstharacteristics.
t”ﬁf!%' d:r ls¥)f %eo*ﬁﬂi}g%g ‘Eﬁg%ai &8.1 QE4 ghcﬁlggf/@hée la?ec E(g %%f't%d tMEI% third

svvltc devi ces are tre er and

voltagd sdfutde Vel typgells gtouae théoughlmetalVcontadt bagye70.nput control s
the electronic switches to convert 5 the circuit from
§€we‘@§0%a@ta{% S@@W&@ R Ahataes a%klst%cklmﬁ%@ia Qaxge herefore, when

the ﬁrMﬁa s@fs le I‘?’Br @’Idﬁ%&féng& 1?1%1%%"011%§9 1'5§ PMOS
att ac e

to a ourt voIt ge source
device itib i3 pif ehs ovecer NMG@SrBatise bI8 ivwing apl the BMPEt Rblage Mo Is, low or

164-2, 164- 3. e mul ti S .sopurce epents are
approx iSRG G D e UFIof SRECLt DELG VPRI our t i
hRd8e Mebss ﬂ&%oﬂ of i'%ﬁ:&e% thafdn 108k sou;@%e@@as zﬁ:’pﬁ:@@ﬁﬁough pad

are used duri ng DC neasur ement - of
172 is abéwa‘t’a@lywhmm&mmnb shd beo cltCirothie swUdresd60fanﬁHéZsacthmtﬁbn" or

ctoses WY FELOR Bt il S ¥l SOBRREHS e IS s

first eldd@®niUFwilet 850 & BeoSRcCHRNaRS @9 thel ﬁum}bﬂé D@JT% BRI CR3-2, and
of the sixth voltage, Vg as indicated by el enents

164-3. 1t 4hep samiertme thergate) gaments Ofﬁmumolqa@& 1644, Uskd, [64-3 arcat a
low 16‘9&# fro%g tﬁeh&ltrrlﬁ%sfl'{flc?_ﬁ?v%%tr algeﬂg ff(‘:Cp hﬁou cﬁ?ﬁDgTi c%ﬁnsc switch 2 162.

aracteristics
This esd@ftially pbdesa Rérdtit6¥as oR iR 1B OMPRADET ghest he third 15

\(ﬁ)}]lﬁ{nggtge E(gxg rv%%ggéslevei otp {h%a1|111|331/t \gorlt(e)lgg thulhsreotllig r1lnvrtr§ttera |154 switches
essentially placing the positive voltage Vdd on the gates and zero voltage on the sources of
the multiple DUT's 164-1, 164-2, and 164-3. Again, the characteristics of an inverter are such
that the phase relationship between the source and gate stress test voltages are precisely

maintained at all times. Also because the inverter is imbedded within the silicon substrate the

undesirable parasitic elements are minimized over that of an external test setup.
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The various voltage sequences are the sanme as |listed
in Table One. Therefore, when the first voltage
source Vpulse is in the high or Vdd node, the inverter
circuit 154 PMOS device 156 is off, the inverter NMOS
diég:i cH0158 losizonial tenesteplic dasoptief tho fird gmbudiment sf thevinvention.
nate round d 180 de
The ln%lt Vﬁﬂ?@ %l%eu conn B%Bu Iﬂ?en%at? %%ng%et}og ?tB%HvE%ﬂsfg\dOS 56
and intdier DFOS $hand ltlfeI ébuY@:l bR Heukieerofic avitaPphl Bl source of the
t hrou 172 is at the Vdd | evel maintaining the

inverter TG G bortFed Soiheceandl B tag o dHeoeci 46 BeireGREaH the inverter
C: ) hi gh vol t age node of
NMOSG B iRA% Hetlyd TORAR TS8R 101 eed”Fi ot
dihedhveark cuput isclnd&bed oy tﬂaaeal daurieedalrentht Se@fndtNMOS switch
[tiple 31,6 1..164-2, and 164-3. At the s
62, anc{rﬁﬁes Ahe st issccagnested tgate pf,phg: RS Lj_rgjgr g_est 64 and the
l;
sixth gl n%éﬁft L TREREh PP A SRR SR TR, BBt Mlage v
pad 68sad Bl Rui@2of theMMMO8sweiet itedt |6¢. fhacesn afrthg@MOS Widastest is

on the ti I . at es. ing the | ow voltage
Connecfegi\@ mﬁgﬂ Fﬁ'ﬁ’%ﬂ({}% S(g%p%mse the inverter 154
R ERESo BESeNtieakily PhREIAG feHRORILIR YR Béq&ﬂéqdln the

on the“gates and zero voltage on the sources of
fOliOWmlrmalmble FideTbyg ciegting an insHed@led sevdic@Bhic®r nA@auenwlthhd’MOS and a

aracteri.stics aof an jnv er are h 30 that th
NMOS R ARt B i Vb e greatits BBY Aniseans nubsbied NMoS
electmﬁ@siwft/&ﬂ tHages e aPRiRE iSBbyded"PMURREUedice Abl NBTEStress and
Al so because the inverter is inbedded within the
charactgfizationtesitgsen asemideaduqiprdebisiraipl E:urﬁ@rra@ﬁet ag lreh@th@ntnsclement
180, crg"{tﬁg@gﬁh%&%‘?%a@ Vtg)? ?I%Bmta OJ §0%nce§)|§tg)%r e VP %’t}{‘g‘é? ltjcf Wg cucu;t

fﬂhéﬁafm&ﬁsb@ dbnirifed @f iddd@tdd e @R 132 $heig N F&B}tcoM@dchﬂg ¢he gates
pad 52 is connected to the gate connection o

of the REeH RIS IR oo s oS PRrhar S VBB, Siees (st voltage
source,g?f:ﬁ{ilﬁeg aﬂﬁ i % Johfc%ﬁh@ﬁ%t%h%ssé% ?\rhe@%e (-Egﬁlrﬁ%lﬂ’ycc%nncctmg

nverter connect ed secon
the souved dfahe ix\»(dadtepﬁls:li(%dancb tohe satoad noledgetdbercenved ad cofmecting the
[ cte hird Vol t Vss pad 70. The
drains B/ ERODUM O T VBl e 50y HFEAOrT: i Fer b nd lso

connecﬁﬁg LR S BE QYIRS 115 dJaﬁhof B seaRd I(TN@)SS {tﬁrﬁg&flcc{. Iglgtnnectmg

tch 62 1s connecte ate of the
the SOLﬁsde aﬁ the hwertgi XMOY detiageao \ﬁgthpﬁdvo‘ltdge Idmaceirﬁsm taficdllyeground,
fir ﬁt swtch 60 is connected to the fourth voltage Vd
complefes (REBIVEHE- t he source of the PMOS under test 64. The

@oﬁh&tﬁfg thd §aRMIB O dies a‘h@%‘ecétﬁi sle@:hc@é'{f'ﬂ@e@tt@getf?é& Rt@la fifth

to the third voltage Vss pad 70. Referring to Fig
Voltage7sour¢ﬁe Yi, rgoviderboditete nentofl. Bhpath foentdbiingohe dyearfiir sheds first

vt S 2RI, BRI o N SR of e

CMOS switch device to the source of the PMOS test device, and also to a fourth voltage
source, Vd.

A path for the Vout, the 180 degree phase shift of the first voltage Vpulse input
voltage, to the PMOS test device is formed by connecting the source of the second NMOS
switch device to the gate of the PMOS test device. When the second NMOS switch device is

closed, the Vout path is completed from the inverter devices drains to the device under test
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15

NMOS device as indicated in el enent 180. Then creating
first and second i mhedded NMOS electronic switch
devices and a first inbedded PMOS test device for NBTI
stress and 15 characterization testing on a

(DUT)sgate. doombactigy theudast ofathe PNFORtIDET noraesixtasvoltngd satred Vg enables

el e 80, creating .connection pads for six voltage
spprorgig T D GOMAE ERDAUE TS (o he ci rouit. | The

AEQERSSd theC®Atn HUAL BSIONEE @E\ﬁ?e kgl ﬁ%%xé@% hs/%%ce, Vss or

Fig. 7 by connecting the gates of the inverter

grouncheranMESthe MOS8 PW b gatwisr and to a dynami ¢ stress test

fi.rst voltage sour Vpul.se,. apd to, the sourge of
SR B e v TEEE O AR B G oF e level of

Vdd. 12 hdyarhs effe&febndud@nil P ¥REINGHoAMER fHaVHnEetdhdel &@eARLwitches
vol tage source, Vdd and connecting the drains of the

thereby petecidng hIDEPH danaCstrge\ieg dust \wifegh ¥pulsot the MM BB test device
[ Fter out. n I ctil t i nverter
sl YBEE WM A9 ES e SERTRERR BN EE gt o e

PMOSGasiriecice.ng the source of the inverter NMOS device to
a third voltage source, Vss, typicall round, )
derpiMESsteshdeviep, Pt draracseizaipmat Pravidedney gisrwnedushhapening
. e . .
v ik A0SR0 B L6 EVESES ARORLLILEIAILR, e oS o
devicefainh tHeatynamaditiraag tekihren] thygea Prevising essSapbirdpsiate testldoad®ions for the
Vpul se connect to the DUl is praqvided b

0 be c
fourth ZolHeE S el e wriiest o e prras eaparsigrzattevi ce
t i i : :
O M on o o PR g aif 0p SPBef 4T gefrthee to he
preferrethemb80indagy therqphas wils b fuhdabtobth dyfthosstskimktiagkee Mpuhg e/arious

I npyt volt , to,the P test device is farnmed. b
chanzesgR et Pty SRHES WU pE T DAY L SEUHIER e ARTILRN SCope of the
inventid@Vvi ce to the gate of the PMOS test device. Wen the

second NMOS switch device is closed, the Vout path is

conpleted fromthe inverter devices drains to the

devi ce under test 9 (DUT) gate. Connecting the gate

of the PMOS DUT to a sixth voltage source, Vg, enables

appropriate DUT DC characterization when required.

Connecting the drain of the PMOS test device to the

third vol tage source, Vss or ground conpletes the

PMOS DUT circuit. 5 The stress test is conducted by

bringing the fifth voltage source Vc to the |evel of

Vdd. This has the effect of concurrently closing both

the first and second el ectronic switches thereby

connecting the input dynam c stress test first voltage

Vpul se to the PMOS test device source. Cosing the

switches al so provides a path for the 180 degree

inverter output to the

10
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PMOS test device. to DC PMOS test device DC

characterization is provided by sinultaneously opening

both switches by bringing the fifth voltage Vc to a

negative level isolating the PMOS test device from
What i glirdgdhighi ¢ stress test voltages. Providing the

appropriate test conditions for the fourth voltage Vd

and t h& nsithdadoivgineageg Ygeduoed cgecitarcesemienductor test structure on

characterjzatioon. Wi le the.inventi has been . .
a subs{ialf {9 RYQY ff'?f URGIMPTRIE VS BES AT AoV es eRgisizetion frst of 10

semicohdub LI &R o NBRRL EBMST eérgﬁ:['zﬁﬁfe’lnitﬁbim% Lai®@fhethod comprising:

under st ood by those skill in the art "that various

chieatiggsar mmbetded assthichedagtbs deaige baveredevith fhBMIOS device and a

depart, romthe spiri nd scope of..th i.nvention., .
1o vnav Vs i< 8504 4 s Rk e gt FPiE Re it inpur
r educ eflnedRagidaRsEnSeNiIGegwalser test structure on a
substrate to provide for the automatic dynami c stress

amertiseirgend hegaadtiabpdded NV OSedectionicivitcs davieemduct or
gcg%/ﬁéﬁlgz ta{,]?gsg\le}gﬁﬂsviete@_ %%vi-gg n‘gerlr ﬁ d/lfllglﬁuci! :@%Egg#’ésg and device

conprisi ng: cre
sem cahdtietepiatitayi ce i nverter wth a PMOS device and a
NMOS device to provide a 180 dg/gdree phase shift output

farevidingdhe pirewit with ggeondoNoliaas ¥dds p dyxl yaiege fVsp.gt fourth voltage

vol ta : ti . dysecond i nbedded
NMOS e %?:é%%?%ﬁa%gt%é &g%%:xf:hio;lﬁg?e ing a first PMOS

teeadtingestirdgalfaocess padnsar! MBIV pslbe, 8ssondaid] enitdcess, teurth Vd, fifth

characteri zatian; plr oviding the circuit wwth a second

vol t agé® V&és,lx%‘ YHYolHeG 604 See Vss, a fourth vol t age

Vd, a fifth voltage Ve, and a sixth voltage Vg; o

ck eat i Hiy methad gedording éx slapad svhaashy faid samivpndusior device inverter
Co o V [ : fi,fth. V P xt h
s g A Y LOMBA 5 A P v
to saidigpumdinamhier ahys sait dirsietde@Bdveiley whedh Cehsisivef tefulsd &ain of

. Ccreated by connecting the gates of said inverter PMOS

periodighyehsanddoprapgriitede SNBSS Way§@t her and to said i nput

dynami c stress test first voltage Vpul se which

c%nsi sthe wethad pedosding taplainefl wisselowid sdmigindantdr device inverter
: litu are waves. The. met hod according,to
s pow BTy R IPEEH PR pTos RIS NS REE R 2R bfong gottage

sourcel Bd Qe r e chyheeRih e&ill | ifgereRI NIMIORY Sulred clRMelt teVdi€ @hird voltage
source el enent to said second vol tage
source Vss, typically ground.

4. The method according to claim I whereby said semiconductor device inverter
output is formed by connecting the drains of said inverter PMOS and said inverter NMOS

together.

5. The method according to claim 1 whereby said electronic switch devices are
controlled by connecting the gates of said switches together and to said fifth voltage source,
Ve, which is raised to the level of said second voltage source, Vdd, to turn said switches on,

and changed to a negative voltage level to turn said switches off.

6. The method according to claim 1 whereby said input dynamic stress test said
first voltage Vpulse is applied to the source of said first PMOS test device by connecting said
first voltage Vpulse to the source of said first electronic switch, by connecting the drain of

11
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source Vdd, and by connecting said inverter NMOS

source elenent to said third voltage source Vss,

typically ground. 4. The method according to claim!l

wher eby sai d sem conductor device inverter output is
said fifsbelgeerniy seiseintecthe rsgumh ef @méuﬁm@ PMOS 4 deviveraoencdEvDShe drain
of saldgfgrgtolﬁ\gb% tedl dc%\rlt eEo léirve ¢ gqu’tfsh %éﬁi Bg f?gﬁﬂ émsswlgl[fgrﬁt electronic

switchG@wi szﬁisfoatma/olt@gmédn@éd ee by connecting the gates of
said switches together and to said fifth vol tage
SQUI C€fhe ﬁ(@tho&\@éc‘éﬁdlh§ td @hiSe guﬂa@reb?%mhe}?{\%tepf)ut?@ﬂ i applied to the
second vol tage source, Vdd, to tufn said %%

gate ofpadd c“m%triﬁ‘é@st t@stadenfe@alvy vennedingagped limweeter bmpumonthsadmin of said

tc es_of t hod accardi ng t
seconG B SRl pRbttnag REE 08rs o SPhct i dectpiegivich o said
gate of Odatdagiest VPMICEE tés8 @RRlel 8 19 fuREns B 8dOfecs@ didetbsi switch
PMOS t est device by connecting sard first voltage
concurggatlly eth s9id fist elgeirenic svitdaivdh faid sifthelolege wwies, ¥wi t ch,
by connecting the drain of 11 said first electronic
i t cthteonnethedsa@umchgafo shin I whstebPMaEI ﬁeﬂtPM@\%i teet, device is

charac{é&ng 8 CP%?%DE%%g%@g@gﬁ@fvgﬁg%185®s%§hrs 5&\%@& §%91t GVICG SOUrce,

corme(,fti'ng%Eldeélﬁﬁt\foﬁﬁ%_é:VgS{Wsﬁi‘ahﬁﬁM PRICRAte: Ilé%ééqgé{@ltﬁﬁig@ff said first and
source Vc he “met hod according to claiml whereby

seconds%ltcarqnm/@ﬂtcéms butrpdicirigssagh pfth evgltage savece Be grat aegdtivedpvbl, and

PMOS t est devi ce LN aid inverter

by prog i S DG Gerd S BREC oh o Bt A R e
and connecting the source of said second el ectronic
switch to said gate of said first PMOS test device
and by turning on said second electronic switch
concurrently with said first electronic switch with
said fifth voltage source, Vc. 8. The nethod accordi ng
to claiml1l whereby said first PMOS test device is to
characterized by connecting said fourth voltage Vd to
said first PMOS test device source, connecting said
sixth voltage Vg to said first PMOS test device gate,
turn off said first and second el ectronic sw tches by
reducing said fifth voltage source Vc to a negative
| evel, and by providing the appropriate nmeasurenent
conditions for said fourth and sixth voltages. 12
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