A NOVEL TEST STRUCTURE FOR AUTQOVATI C DYNAM C NEGATI VE
Bl AS TEMPERATURE | NSTABI LI TY TESTI NG BACKGROUND OF THE
I NVENTION (1) FIELD OF THE | NVENTI ON The present
invention relates generally to a novel test structure
and process for automatic Dynam c Negative-Bi as
Tenperature Instability (DNBTI) testing of
sem- conduct or devices to inprove device reliability
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has beconme an,|ngt [ pabi Lty per f or mance
concern. NBTIq%éaﬁgﬁﬁﬁﬂﬁgﬁgg%gﬁgﬁbgﬁégﬁgPto short
channel devices, but is directly related to device
'(D}aggg(mewggqummhnomhe vertical direction. The theory
of the NBTI degradation nechanismis conplex, but is
general ly believed to be caused by the generation of
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negati ve bias and accel erated by high tenperature.
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nodel the lifetinme of PMOS devices used in integrated
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thiclgn%gygfr g%%euorx?de layers, Negative Bias Temperature Instability (NBTI) has become
an increasing reliability and performance concern. NBTI'is not limited exclusively to short
channel devices, but is direcﬂy related to device size reduction in the vertical direction. The
theory of the NBTI degradation mechanism is complex, but is generally believed to be

~ caused by the generation of interface traps in the device silicon generated by negative bias
énd accelerated by high temperature. These interface traps cause degeneration of device
threshold characteristics, particularly for PMOS devices. 1t is therefore most important to
test and model the lifetime of PMOS devices used in integrated circuits to assure proper

circuit operation over device lifetime.

The conventional prior art method of determining device margin, and hence
lifetime, for PMOS devices has been a constant voltage DC gate stress, often combined

with high ambient stress test temperature.




Hi gh anbi ent stress was deened inportant because it
has been found that for devices that are subject to
hi.gh-tenperature conditions, whether due to the chips
own heat dissipation or the environment in which the
chip is used, NBTlI failures will occur which would
not be projected by the prior art burn-in testing
alone, or prior art DC stress testing alone. A
comlighambing] SUBE wastdseryed peporianishecaisn ftihgs beeni fornd that for
illustrated in Fig. 1. As shown in the figure, a

_ devicenhbtant subggatol high-o@iperaage cendiiyis) welkther dude Gatleps own heat

el ectrode 16 of a PMOS transistor 12. The
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channel substrate or N-well 10 is grounded. The test
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loneasurenents are made of device characteristics, and
Iﬁy nodeling lifetime projections are nmade. However,
the PMOS device is nost typically used in a
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shown in Prior Art Fig. 2(A). This circuit
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appl i cations, not static or The "anount of device
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dynam c situation. This is discussed in the paper
typiegblyn@fidegmesT enpiigrade KIGS. Faripdisi raeasursmanid arergadergidetice on
MOSFET Scaling” by G Chen, M F. Li, C H Ang, J. Z
chatdelerigijcs.camd bY.mddelikgbfegme prdi&dfiokt aetoann. Devi ce Letters,
vol . 23, pp. 74-736, Dec 2002. The paper shows a

B?g}lcg%eltvpié #%oé}lgggzlelgljlcg{esltr%gsg Wéfi:caahiy Ggedfig 21 cgmg 13121?5131%7 PMOS-
NMOS or inverter configuration 22 shown in Prior Art Fig. 2(A). This circuit configuration
is typically used in dynamic applications, not static or DC. The amount of device
degradation due to Negative-Bias Temperatqre Instability (NBTT) is not constant for each

device, but is a function of the devices unique switching activity within each circuit, that is,

the device dynamic situation.

This is discussed in the paper “Dynamic NBTI of P-MOS Transistors and its Impact
on MOSFET Scaling” by G. Chen, M. F, Li, C. H. Ang, J. Z. Zehng, and D. L. Kwong,
IEEE Electron Device Lefters, vol. 23, pp. 74-736, Dec 2002. The paper shows a nominal

10 times lifetime scaling for a dynamic projection over a static one.

This is illustrated in the referenced papers Fig. 4 and reproduced here as prior art -



~This is illustrated in the referenced papers Fig. 4
and reproduced here as prior art .2 Fig. 2(B) for
conveni ence. -The inprovenent in lifetine projection is
attributed to what the reference paper calls,
"electric passivation" (EP). This "EP" occurs during
the "off' or "low output” cycle of the inverter, when
a positive voltage is present at the PMOS gate. Prior
Fig. 2f18) for epnverigce. Ehpoiepreveatentiinrlifefine projodiiomiviatitibyied tot Wi the
of a P-MOS FET (22) in a CMOS inverter (20) the
refempd paper gdit.c'cleesic passiatioVY(ER) This SEBVacteh ddribetha&efl” or
“high" and "l ow' voltages, while the drain bias
“lovk MEHMOUYole bSthe @iveRSDANEH NPbivl oRhRAL bRYeRat B PRIOS gate.
"l ow' and "high" voltages. This is the dynam c test
condition for Dynam c Negative-Bias Tenperature
| nSrighart Figy 2(‘DNpwvp thapduivigthe dmesenic Ppegation( @) Redipares (22)
the lifetine projection for both Static NBTI (SNBTI)
in a@MOB sveder @B0Fhg aplied @ae 13y has{ Cg/VONBT $Witched baskad “High”
Fig. 2(A). As shown in Fig. 2(B), under the sane
and SToR@S®1tY@ks ! i thé BRid bihetVdreoRs RoftdndgPNRIhatis between
- approximately a magnitude |onger than predicted by
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Integrated citcuits to Irnvestigate su
dynani £es $itions. Fig. 3A outlines an actua
1énﬁéglngépﬁ%ﬂﬁ%ﬁmﬁﬁg I as illustrated on a cross section

representation of a PMOS device. To sinulate the DNBTI

cong théridned Fid. 2(B) @pakts &leQifetiay fiDjcHos Wr bethi Stgtic NBTI
~ between "high" and "l ow' voltages is applied to the
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illystrated in Pri Art Fig.
magnlltuélle longer than pre ictec? f:; SN{BTL "l%erefore, it is critically important for
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integrated circuits to investigate NBTI under such dynamic stress conditions.

Fig. 3A outlines an actual test setup for DNBTI as illustrated on a cross section
representation of a PMOS device. To simulate the DNBTI condition, a train of square
waves Vg switching between “high” and “low” voltages is applied to the gate 30G, while
the drain bias Vd is corréspondingly alternating between “low” and “high” 'Vo]tages, or 180

degrees phase shift from the gate voitage 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.

The test setup is illustrated in Prior Art Fig.3(C). A phase 1 pulse generator Vg is



3(B).- A negative Vg turns the device 30 "on" causing
the voltage at the drain 30Dto go low. This drain
vol.tage therefore is a 180-degree-phase shift fromthe
i nput or gate voltage. The test setup is illustrated
in Prior Art Fig.3(C. A phase 1 pulse generator Vg is
attached through swtch-SW1 to the gate 30G of the
PMOS devi ce under test (DUT) 30.. On the open pole SW

attacheg thypughiviteh SSV tp the gaic BPG ok theddgh devee urlﬂ@r BMIDET)A4.
(DC Source Measurenment Unit-Gate). This represents
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the DUT 30 operational characteristics, particularly

- Soutdames@kthemaliiingate). T BhFEscns t8E Risturd Biatich reQnRAcs ed
. to the common pole of swtch 2 SW2 that in -turn is
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out of phase with the phase | pul se generator Vg. In
or dée DUD36 i Hilkistchen<oBTo theanthintangiv)e &f stvitah B SOF2 that in
square waves Vg is applied to the gate 30G though
tumSWedrBet&YYhicugh it €bse PPREWE-1TaG&cis 5YPab a¥ecdnd pulse
applied to the drain through switch SW2. Smﬂtcﬁing SW

genélral%{:‘ AR 1st Qotdégre%l.@%? phfse We@she ﬁﬂa@@?rg gélefla%r \f'g6 1In order
enabl e device characteri zation asurenents.
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or 180 degrees out of phase. Proper test voltage phase
SW PatahinecHi b and SPHAge et Sobreadsasirementeldnitoridt 44, wilenable

results. An external inverter could possibly alleviate
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coupling can limt high frequency testing. To
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external pulse outputs are required along with two

swi tches and several SMJ units. Overall, the test
setltis adeghoysdob to make the phase relationship of the two pulses exactly opposite,

or 180 degrees out of phase. Proper test voltage phase relationship is important to achieve
meaningful test results. An external inverter could possibly alleviate the phase relationship

adjustment, but external LC coupling can limit high frequency testing.

To summarize the external test setup requirements, two external pulse outputs are
required along with two switches and several SMU units. Overall, the test setup can be

tedious and time consuming, and could lead to misleading results if not done properly.
The following patents describe semiconductor and NBTI testing and modeling.

- US 6,653,856 (Liu) shows NBTI testing according to the prior art of the present

invention.




tedi ous and time consum ng, and could lead to
m sl.eading results if not done properly. The follow ng
patents describe sem conductor and NBTI testing and
nodel ing. US 6,653,856 (Liu) shows NBTI testing
according to the prior art of the present invention.
4 US 6,476,632 (LaRosa et al.) shows a ring oscillator
desi gn for MOSFET device reliability testing
i nélSueif b NETPR esast Ringhowsa 6ing aexildaar deniga éoréYI0§FE7 device
teaches burn-in testing using an inverter. US
relis#bjl BR fesdfDintludirg B Httesaihg.) di scusses in-line testing
for NBTlI using hole injection. US 6,456,104 (Guarin et
i cl os t str cture to externally apply a
gﬁ %%@@éaﬁfcﬁ Fréclgfg HI-ideHing p4ingan IVREEch, Jr .
et al.) shows a nenory tester with . nmultiple DUT
te t 3B B?éjﬁjc}{ et
3%9 %fg%lc@s(ggktggeég %l%cﬁg% l? g{]g&o{tg%g%g st o?{c,&f or NBTI
estimate degradation of an integrated circuit. In
ition to the above patents, the follow ng technical
‘reports discuss NBTI. "Dynam c NBTI of P-MOS
Tr arss6,356@Q 64 @wdrih bsall) dRaRbescitedSbidtlre 36 akibmglly iply stress
Chen, M F. Li, C H Ang, J. Z Zehng, and D. L.
Voit%@tﬁghe JEE El ectron Device Letters, vol. 23, pp.
Dec 2002. "Dynanic NBTI of P-MOS Transistors
and its Inpact on Device Lifetime" by G Chen, K Y.
ChUEh6,6W,842 (Kirgch, . etrl.) Saws, a :@emepty teey, with mzltlpm{é{d@ testing,
Y. Jin and D. L. Kwong,

US Patent Application 2003/0233624 (Reddy et al.) discloses testing discrete

mje(t,t d)

transistors for NBTI to estimate degradation of an integrated circuit.
In addition to the above patents, the following technical reports discuss NBTL

“Dynamic NBTI of P-MOS Transistors and its Impact on MOSFET Scaling” by G.
Chen, M. F. Li, C. H. Ang, J. Z. Zehng, and D. L. Kwong, IEEE Electron Device Letters,

vol. 23, pp. 734-736, Dec 2002.

“Dynamic NBTI of P-MOS Transistors and its Impact on Device Lifetime” by G.
Chen, K. Y. Chuzh, M. F. Li, S. . Chan, C. H. Ang, J. Z. Zheng, Y. Jin and D. L. Kwong,
International Reliability Physics Symposium Proceeding, Dallas TX USA, pp. 196-202,

April 2003.
SUMMARY OF THE INVENTION

‘Accordingly, it is the primary objective of the invention to provide a novel,

effective structure and method for the automatic testing of semiconductor devices, in



I nt ernati onal Rellablllty Phy3|cs Synp03|um
Proceeding, Dallas TX USA, pp. 196-202, April 2003.
SUMVARY OF THE | NVENTI ON Accordingly, it i-s the
primary obj.ective of the invention to provide a novel,
effective structure and nmethod for the automatic
testing of sem conductor devices, in particular PMOS
FET devices, to determ ne Eynan1c Negati ve Bi as

partiplpBMASUF BT fstdeestsi deteymime a@mcd‘éegatweemaﬁrﬁe@p@'aﬁuﬁg
and projection. It is a further objective of the

Instabalvtg Mor demict bifesimeesicalintghvng penjéadivat i ¢ testing with a

~ mninum anount of external test equipnment and setup
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LC coupling associated with external wiring. It is yet
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devi ces bei ng tested, The above objectives are )
capagitpiice iad LCporplasr asspsisted With eXteraaloNBiaai ment s of t he
i nvention that describes a novel test structure and

pr %@2& dnBehel &5@@0‘? of 18 irVehtiGH ?ow@gmeg‘n Bheg! fgﬁﬂhg ‘Eﬁe DNBTI

ventlon onsi sts of an |ntegrate I nverter,

tesngf?‘p%@g el rErhattPe me St ko™l bR ”%érmswmrmg
under. test, (DUT). Another_ enbodi nent of the invention

and gRefBjingEref HEPPIBEY 9y GiRtPEnpicEeddevi ces under test
(DUT" s).

The above objectives are achieved in accordance with the embodiments of the
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 measuremént mode, and a PMOS FET device
under test (DUT). Another enibodiment of the invention enablés the testing of multiple

devices under test (DUT’s).




6 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 illustrates
a schematic representation of a prior art setup for
Static Negative Bias Tenperature Instability (SNBTI)
showi ng a PMOS FET device with a negative voltage
bias on the gate and ground on the source/drain and
substrate/ Nwell. Fig. 2(A) is a sinplified schematic
representation of a prior art conplinmentary MOS
BRIERRG (P TENOOF THE PRAWIESand NMOS FET. Fig. 2(B) is
a graph showing lifetime projection for PMOS FETs with
a X1 ' 3 nm f t td.c. and .
| dy %‘%ﬁ éﬂﬁﬁﬁs t%?éhééglgﬁ8§ Eelpg%seé‘ftii}n <|§Psa pg{ 06 rQqu 8?“1%? ar Jedtic Y gative
. sinplifie oSS ron of a T, under, goi ng .
Biay R RebatE B (SN T D AR g 23 QS L G et e Nieu Baiye
drain that are 180 degrees apart in _ phase
voltagsl bias epnfhe pe ag grourst @) the soygcqidnabrand spbstiateNtvedlt i on of
the required gate and drain pulse train and the
18 ' i - d ] ot r
{ oot Ak PR B A S BRIl Rel Ao U R Smo b RS
LI ustrati of , a m ress test setup
MO§H%W@@§E/&“W%§§%§§%FEEUI se generators and
“nmeasuring instrunmentation (DCSMJ). Fig. 4(A) is a
schegraip s Qfaran %h&ﬂfﬂ? QTR profectidirol PVRIY FIOTS WHRIPWLRE oxide
the 1 ntegrated inverter, integrated el ectronic
: S\M i B) is a table of
thlc?#&%ﬁ?ﬁ%ﬁmgﬂla%ﬁ??&%ﬁ%g% ol?]ﬁ{rﬂsetreg%'r ess cycle and
t he nmeasurenent cycl e.
Fig. 3(A) is a prior art simplified cross section of a PMOS FET undergoing

dynamic NBTI testing showing pulses on the gate and drain that are 180 degrees apart in

phase relationship.

Fig. 3(B) is a prior art illustration of the required gate and drain pulse train and the

- 180-degree phase relationship for dynamic NBTI stress testing.

Fig. 3(C) is a prior art simplified illustration of a dynamic NBTT stress test setup

showing a PMOS DUT and external pulse generators and measuring instrumentation

(DCSMU).

Fig. 4(A) is a schematic of one embodiment of the invention showing the integrated

inverter, integrated electronic switches, and a PMOS FET DUT.

Fig. 4B)is a table of invention circuit voltages for the stress cycle and the

measurement cycle.

Fig. 5 is a schematic of another embodiment of the invention showing the




Fig. 5is a schematic of another enbodi nent of the
invention showng the 7 integrated inverter and
el ectronic-switches and nultiple PMOS DUTs. Fig. 6
showi ng one possi bl e horizontal topographical |ayout
of the first enbodinment of the invention. Fig.7 is a
flow diagram for the process to develop the first
enbodi nent of the invention. DESCRI PTI ON OF THE ‘
intepRER ERRED ENREDINVENTBitFeg andmaltinkhdMESIPETembodi nent
- of the invention for sinplified automati c dynam c
R e E A e T e
i nverter consists of the PMOS device 56 in series with
of the IRk Wevi ce 58. The PMOS device 56 gate is
connected to the gate of the NMOS device 58 and to a
f INE% 7 Y A0 BiagrdRiHoP fhe epmegs Bvasp thIffﬁst%el%&ﬁleaf ofithé
P device 56 1s connected to a second vol t age
mv§@g§ce Vdd. The gates are al so connected to the source
‘he first integrated electronic switch 60. The
drains of the two inverter FET devices are connected
together and formthe output of the inverter. The
inverter 54 output voltage Vout has a 180 degree phase
relationshi%. fromthe input flrst voltage Vpul se.
DESER BT ok i TR EVHORIMER T80 ho dr at n of t he

second integrated NMOS el ectronic smntch 62. The

S0 l#l %@fg@‘ sHold& ohd Jﬁﬁ&cﬁﬁleﬁmeﬁﬁv&ﬁmﬁ ?&%ﬁﬁﬁlﬁﬁedtagto%attig idgiﬁjamic
vol t source, SS,
testing of NBTL 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 gafes are also connected to the source of the first integrated electronic
switch 60. The drains of the two inverter FET devices éxre connected together and form the

output of the inverter.

The inverter 54 output voltage Vout has a 180 degree phase relationship from the
input first voltage Vpulse. This output Vout is then connected to the drain of the second

integrated NMOS electronic switch 62.

The source of the inverter NMOS 58 is connected to a third voltage source, Vss,

typically ground. The gates of the two electronic NMOS switches are connected together



typically ground. The gates of the two el ectronic NMOS

swtches are connected together 8 and to a fifth

vol tage source, Vc. The voltage Vc controls the

" swi tches simnultaneously switching themto the "open”

or "closed" positions. The drain of the first

el ectronic NMOS switch device 60 is connected to a

fourth voltage source Vd, and to the source of the
and pvoBDYTtES sodrhe o lihe eolike Meeoniedo g swilclsstsinowl o edustss

switch device 62 is connected to the gate of the PMOS
switChiihg Genatedhd topan” & ‘xidsed’qlokimiges.sour ce Vg. The drain of

the PMOS DUT is connected to the third voltage source

Vss_ caompleting the DUT circuit, The vagltage sequence
f orihe AFu o he Brst siserrorie S Enawitch S iceiod TS HPRFF R opgurth
table of Fig. 4B which is repeated here as table 1
voltpgsy sogrsh Wesh prechiodhe spapief 8P MRS B UT 64 1Theepmaesf the second
- CONDI TI ONS DURI NG STRESSDURI NG MEASUREMENT
elect/puik SBWAR isetclp ¢ wierai? 10 camectvd diHhe ghte ) the PONCE YAl ¥4 sifi to a
Volt (Gnd)0 Volt (Gnd) VevddNegati ve Vol t age

sixtV/e6lta ki edTpENEaHin QR tHXFAIOR VN ts ©RMtddit® the third voltage
VgFIl oat i ngDependent on neasurenent condition Referring

: d Fig. 4(A) it is shown that
oS RN B et o 4O 1

The voltage sequence for stress test and measurement test is shown in the table of

Fig. 4B which is repeated here as table 1 for convenience.

TABLE ONE

DNBTI TEST VOLTAGE CONDITIONS

DURING STRESS DURING MEASUREMENT
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 waveformis applied to pad 52. The pulse
magni tude varies between a high of Vdd and a | ow of
zero volts. During the positive or Vdd portion of the
cycle, the inverter circuit 54 PMOS device 56 is
turned off and the inverter NMOS device 58 is turned
on. This places the inverter output voltage Vout at a
test perios phthe capp rasaedit nglss/yeh perieiowave o E0pkirsge ged 52. The
phase shift fromthe input voltage. As noted in the
pulse alapaigreletvabiéshetwemmi atggh eV &t amelsslotvadtzetoheltel [Baingaid positive
switch gate voltage, Vc, is held at a voltage | evel
or Vald oM@ thel @cl¥dfle inkRitsr Qi it PRIVOHEIES619hilgeddat fhd the
el ectronic swtch devices 60, 62 in the "on" or closed
inve?ﬁ%mossilm& 43¢ tlrhddt b \“Hiséa?&@s O Hefer ot %ol‘ﬁ%et ata
- cycl e,

oati ng state during the stress portion of t

t | ow inverter out put | t age Vout.essenti al
fow SIS PRl Y B R i ORIl Votage
- Concurrently, during the high or Vdd cycle of Vpul se,
t heyshiofdd ivelad wothia@Blel @rinngst 186t ARk edtRRicGMIAS R Gate

first electronic swwtch 60 and onto the source of the

vol_tgéﬁ 8,%31(:1'@421 vl @e\;eﬁecgl?va?éﬁp {d V&I T dd fsitutk}ﬁ géﬂ?igﬁse iﬁ.gﬁls e

Is floating during this portion o
The positive hi our ce yalta nd .t ow e vol t age
ctech B RRTA o1 D o8 oS Bk 1 1395 P SR U B Yok e
P .64, providing the negative bias stress. As
Ve Fr@e%@%ﬁtﬁ dunipg ihe SUePPRRBST 15w s B Y BroRI@tingt
0 volts, the inverter 54 devices also switch state
voltpge Vioutigesenipalbyrappearpmoe Baterof thei MGOS AFANAUTIHE. i nvert er
NMOS 58 turning off. This puts the inverter 54 out put
vol t,at ent i Vdd i I, S . f hr.ough
et R bl R DTN SR LR AN
the P 64. This places positive volta
 passsl GuopaR %%@%ﬁ rsertectioBlcTon 80 SRt Hesapiee e%ﬁg’i\’m DUT
fromthe essentially negative gate bias cycle. Because
64. Sherg ranorepndict Bithdlite Yaliaes Mo ag dds floating during this portion of the test.

‘The positive high source voltage and low gate voltage essentially reverse biases the gate to

source of the PMOS DUT 64, providing the negative bias stress.

As the input pulse Vpulse switches from a high of Vdd to 0 volts, the inverter 54
- devices also switch state with the inverter PMOS 56 turning on and the inverter NMOS 58
turning off. This puts the inverter 54 output voltage Vout at essentially Vdd which is fed

through the closed second electronic switch 62 to the gate of the PMOS DUT 64.

This places a positive voltage or bias on the gate of the DUT 64 on alternate cycles
from the essentially negative gate bias cycle. Because of the function of the imbedded

inverter the pulses are effectively self-synchronized and therefore always 180 degrees out

10



inverter the pulses are effectively self-synchronized
and therefore always 180 degrees out 10 of phase. .

- There is no conflict with the voltage Vg as Vg is
floating during this portion of the test. Because the
inverter is inbedded, the stray capacitance and
i nductance are mninized over those of an externa
setu The sane is true for the inbedded el ectronic

of ph%ﬁ't is np genitietraigh deanbagesy smaseV aisrlogiizgduringghis pagion of
of an external network. This enables the invention

‘the tgdgvi ce to operate at higher frequenci es than external

circuits and nore closely emulate actual circuit

O R ETIC DA SO s B 51

dynam c stress testlng of multiple devices. Again

-minirpjgedeoves these pianeatraen] spms Thevape isrirupsar tmetlrnb%ide@ glaetrrinic

test first voltage Vpul se as input to the connected
switglatsethe ofrast ¢dlemNOBe bibindna oveMB8: A58 eaferidh activorle Thisrenables
The first voltage Vpulse is also tied to the source of

the inkentfonfdstice &) @etatORIGHBMrEQRNiE thard BRHOICEItPindiAGe closely
inverter PMOS 156 is connected to a second voltage

emuPR4! A GEal ¥HEit YWakdi S o G dndie rwth@fe EQfle156 drain is
connected to the rnverter 58 drain and to the
drain of the second electronlc switch 162. The source
of Rihé& depiceranether eiDBi&8 of thedovemton echbtiog thetdgnangic stress
vol tage source Vss, typically ground. The gates of the

 testihpof Sluaild Qvices.Mdam, Swrd Blan dlavédies CMIOS inkederalse withed

together and to a fifth voltage source Vc. The Ve

* dyn¥Rict89 Birdt PO 8 AL rphh'® 18 EFhEQRH SatSWiFlIENE 05 56 and

convert the circuit fromstress node to device
ar-aC rain.of t
NM?ﬁr fSSt% oté‘l?lgeclfi‘t{éé%? (;ﬁg\?\?%{c %H&% 15[1?5% 18 ?IIQ ﬁl%%% tﬁle soupce of % first
Vi n
SIBC\tII‘gIlltCaS%’ItC}? %l({ %‘ﬁe sgurge c(ij tﬁe 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 drain of the second electronic switch 162, The source of the inverter

NMOS 158 is connected to a third voltage source Vss, typically ground.

The gates of the two electronic NMOS switch devices 160, 162 are tied together

and to a fifth voltage source Vc. The Vc voltage input controls the electronic switches to

" convert the circuit from stress mode to device characteristics measurement mode. The:

drain of the first electronic switch 160 is attached to a foufth voltage source Vd and the

multiple source elements of multiple PMOS DUTs 164-1, 164-2, 164-3. The multiple

- DUT’s source elements are also tied to multiple voltage sources of the fourth voltage Vd,

168-1, 168-2, and 168-3. These voltages are used during the DC measurement of the DUTs

11



mul tiple source el enents of nultiple PMOS DUTs 164-1,
164-2, 164-3. The multiple DUT's source elenents are
also-tied to multiple voltage sources of the fourth
voltage Vvd, 168-1, 168-2, and 168-3. These vol tages
are used during the DC neasurenent of the DUTs 11
operating characteristics. The source of the second
NMOS el ectronic switch device 162 is connected to the
operghingpehaprctepigtigsi pl e PMOS DUTs 164-1, 164-2, and 164- 3.
. The DUT gates are al so connected to nultlple sour ces

o TR OO R R TR e
el R RSP 0, S L ST SBSe o comec

164-1, 164-2 and, 164-3 are connected to the third
to myinlegparess of te siggfsvoliagp i el ipdigatedibiclemee gf-iet 742 and 174-
~contact pad 170. The various vol tage sequences are the
3. Thesmwohageb astugetl duringdind meGnemenhfor edohrod thalDEs DiChe
first voltage source Vpulse is in the high or Vvdd
chara@eiéstict.he i nverter circuit 154 PMOS device 156 is
' off, the inverter NMOS device 158 is on, and the
out ut voltage Vout is low or apprOX|nater round

¢ drninget] tsgaulgiple RiF Ty Hads b 16¢-2 and het-p ﬁmﬂonwlﬂdsr@ the third

Durlng the stress portion of the test, the fifth
-~ voltggsl soarge Vmllmi@ll‘mmamdalppuiglemeuahmm;@hpaqﬁ@. 172 is at
' the Vdd | evel naintaining the two el ectronic swtches

nd. 162 t he d it Ther ef ore
TR VEOS Sl sy O sfn s TRlE abBihme] e oty Rhen
he closed first electronic switch 160 to the source
the Hisbyrliage saypoe: inlsa i i1 the 81ghugry ddgmade, the frgyrter cigghi 154 PMOS

164-3. At the sane time the gate elenments of the
devige | §6 is|oét, thgTeveterNMOS @edi 158 is on, and the output voltage Vout is low

or approximately ground and 180 degrees out of phase with the input Vpulse.

During the stress portion of the test, the fifth voltage source Ve as applied through

~pad 172 is at thé Vdd level maintaining the two electronic switches 160 and 162 in the

-“on” or closed position. Therefore the high voltage mode of Vpulse is transferred through
the closed first electronic switch 160 to the source elements of the multiple DUTs 164-1,

- 164-2, and 164-3. At the same time the gate eléments of the multiple DUTs 164-1, 164-2,

164-3 arc at a low level from tﬁe output of the inﬁerter being fed through closed electronic

switch 2 162. This essentially places a negative bias on the multiple DUT gates.

During the low voltage level of the input voltage Vpulse the inverter 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
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164-3 are at a low level fromthe output .of the
inverter being fed through closed electronic switch 2
162. This essentially places a negative bias on-the
mul ti ple DUT gates. During the | ow voltage |evel of
the i nput voltage Vpul se the inverter 154 sw tches
essentially placing the positive voltage Vdd on the
gates and zero voltage on the sources of the nultiple
' suc}}j@qﬂ the plpge 1elatg:@ghlg be@f@gn thgsomce a@:bgqﬁe strelgtest voltages are
characteristics of an inverter are 12 such that the
preoiielyseaineinet iabaib tiinps. Wdsoteemst e invartec & imbeaddgd tvethir the sBicon
test voltages are precisely maintained at all tines.
subsiaBOh® GRdREEAbI¢ Paditiv@ehetts kg nifhggeesenmbahbfntdRtrmal test
silicon substrate the undesirable parasitic el enents
sety®f € M nimzed over that of an external test = setup.
ig. 6 shows a horizontal topographic |ayout of the
first enbodi nent of the invention. The input voltage
Vp s é shaws &hoiizpntab mpegtaphic flayotthef tyafist aomritotitof thef
the inverter PMOS 56 and inverter NMOS 58 and the

invendoi.CRhe Gfiputt h6ltdge NGlulse ped 52 @iofin&Wdtt6 thcbfte cohh&: SR WF &0
of the inverter PMOS i s connected to the second

invetet DRSS 3lhdnackAONANGS 5hGd (e biteLbf thifirt BYARIR! 5 0.

is connected to the third Voltage Vss pad

e RS BRaba e h Els i
craig 31 b e RN ﬁ%@%ﬁ?ﬁ%&t&&%%@(’? eV b o of | the
first switch 60 is connected to the fourth voltage Vd

padrHe 8naner &t tspwnﬁsct&f byt RA8taPMIRIY BT off BS Lecbit NIATSS

drain of the under test is connected by netal 1.
S O A B IR o

andtt}?e sixth voltage Vg pad 74. The drain of the first switch 60 is connected to the fourth
voltage Vd pad 68 and the source of the PMOS under test 64. The drain of the PMOS

under test is connected by metal 1 to the third voltage Vss pad 70.

Referring to Fig. 7, the first embodiment of the invention can be formed in the
following manner. First, by creating an imbedded semiconductor inverter with a PMOS
and a NMOS device as indicated in element 180. Thén creating first and second imbedded
NMOS electronic switch devices and a first imbedded PMOS test device for NBTI stress
and characterization testing on a semiconductor substrate. Furthermore, as indicated in
element 180, creating connection pads for six voltage sources provides voltage inputs to

the circuit.

The process is continued as indicated in element 182 of Fig. 7 by connecting the |
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foll ow ng manner. First, by creating an inbedded
sem conductor inverter with a PMOS and a NMOS devi ce

-~ as indicated in element 180. Then creating first and-
second i nbedded NMOS el ectronic switch devices and a
first inbedded PMOS test device for NBTlI stress and
characterization testing on a sem conductor substrate.
Furthernore, as indicated in elenent 180, creating

gateg ghihe dnieaer IPAES and NMOS toastheaged toaulvoamicptressiter st Voltage
voltage inputs to the circuit. The process is

source rifpuegeahdas thermdinraoé theitfirstNMDSmwitB Aexdée. Flogtinué Hyyconnecting
connecting the 13 gates of the inverter PMOS and NMOS

the §cRgRt0TeHe ianatct PMOIIYNVAIIE a SEd08S SoltS lsodrcé, Stddwall ta@cting the
source, Vpulse, and to the source of the first NMOS

dralﬁé"bfttﬁé‘mqgfférwom NNHES Eé’w@e@ x(’)rfx G iRRHeE ut gﬁt and

the Inverter PMOS device to a secon vol tage sourc
ajin
sl SAUPEL o AR PP L it B s
and nectln the output to the drain of th
of tisdpysier : RREES St Messhraer A e Y58 dumiadly epundgompletes the
inverter NMOS device to a third voltage source, Vss,

invegigpi cal |y ground, conpletes the inverter. Connecting
the gates of the first and second switch devices

g&m% @l—ge oéa?es%f tﬂeffL ﬁfa(r)l}rf gécrg)g ﬁéh (ﬁ Qnede(sjtolgg%grg%\éltg gggh
rst vol t age, Vp ulse to be co ect to
Vol’fﬁ%eow&sd‘?wf SRR, @011’“??2 Aypalh forgpakiing tF’? dropmiccsipegs first
switch device to the source of the PMOS test devi ce,
voltagedVpulsedotbs canmesiitihe DHTtinprevide fy sennewing the praimrofithy first
the. Vout, the 180 degree phase shift of the first
CMOS| satgl decﬁ w®ahe $omrdevd 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, 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. Whgn the second NMOS switch device is closed, the
Vout path is completed from the inverter devices drains to the DUT Gate. Connecting the
drain of the PMOS test device to the third voltage source, Vss or ground completes the

PMOS DUT circu_it.

The stress test is conducted by bringing the fifth voltage source Ve to the level of
'Vdd. This has the effect of concurrently closing both the first and second electronic
switches thereby connecting the input dynamic stress test first voltage Vpulse to the PMOS

test device source during the high level of Vpulse. Closing the switches also provides a
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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 conpleted fromthe inverter
devices drains to the DUT Gate. Connecting the drain
. of the PMOS test device to the third vol tage source,
Vss or ground conpletes the PMOS DUT circuit. The
pathsfor thgd 88 degreq i verss @udrele thy PMOSHgstelgvieneate daming the lovalgwel
source Vc to the level of Vdd. This has the effect of
of Vipobseurrently closing both the first and second
el ectronic sw tches thereby connecting the input

dy ' ress test first . voltage Vpul se to the PMOS
C ol BRATTR S St Bt g ioms PGP B U IReq3 aggming both
.0 osing the swtches al so provides a 14 path for the
switghey hydgingingiths fdfih wltage Ve te 2 negatine leprhislpiggttheRMQSetest device
gate during the |ow I evel of Vpulse. -DC PMOS test
froml theidyparci atresstiest voltageo Bravidipg theiagpphste sistedntiaives fis lthe
openi ng both swtches by bringing the fifth voltage
fourMcvdlnga vdaga thewstxth eviedge Vaahét b ereRNRBcib@akiofleVvi ce
. fromthe dynam c stress test voltages. Providing the
appropriate test conditions for the fourth voltage Vd
andVhikeths inveptiqpdias S nagtiquiasly shevwn andhdesetifeed with reference to the
characterization. Wile the invention has been -
prefpaed ¢robddaments thiasah itmidl ltawdeistved byittose slelflat iarloeart that vagious
preferred enbodi nents thereof, it wll be understood
chatipes thfasr@ agd déthiddminnbd nedewithdub aépaviaiyl fots theGPRNGBE sdoPe of the
formand details may be made wi thout departing from
invdaignSpirit and scope of the invention. Wiat is
claimed is:

What is claimed is:
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15 1. A reduced capacitance sem conductor test
structure on a substrate to provide for the automatic
dynam c stress and device characterization test of a
sem conduct or device for Negative Bias Tenperature
Instability conprising: a MOS dynam c stress test
devi ce; an input contact pad for a dynamic stress test
first voltage; an inverter for controlling the phase
1. Arredluped espapitance sengigrilugipn teat trusiureesa substraté foprpvide for the
voltage; a first electronic switch device between said
autothania dyicansit s@ss atdddvidel chstactentdtiagecsaofh sexdcwhdMibr device for
dynam ¢ stress test device source elenent; a second
Negehi @B Tep&iiutahstaigiycanpetipen said inverter output
and said N%S dynam c stress test device gate el enent;
mul tiple contact pads for the application of second,
t hiaMOS fdyparpi stressigshdevigedl si xth  vol tages. 2. The test
structure of claim1 wherein said MOS dynam c stress

: ] [ ] Ih t
of ALt ol Wb M e s DB ' Vo ¢ nge

consists of a train of pulses with magnitude varying

betangerrter foptdriroding thdphaseralahskip bEskid dyramiagesMdst. first

4. The test structure of claiml| wherein said second
volty@:tage is said inverter circuit nomnal source

voltage Vdd. 5. The test structure of claiml wherein

said third voltage source is Vss or ground.
a first electronic switch device between said dynamic stress test first voltage and

said MOS dynamic stress test device source element;

a second electronic switch device between said inverter output and said MOS

dynamic stress test device gate element;

multiple contact pads for the application of second, third, fourth, fifth, and sixth

voltages.

2. The test structure of claim 1 wherein said MOS dynamic stress test device is a PMOS

device.

3. The test structure of claim 1 wherein said dynamic stress first voltage consists of a train

of pulses with magnitude varying between 0 volts and the nominal circuit voltage Vdd.

‘4. The test structure of claim 1 wherein said second voltage is said inverter circuit nominal

source voltage Vdd.
5. The test structure of claim 1 wherein said third voltage source is Vss or ground.

6. The test structure of claim 1 wherein said fourth voltage source is Vd, the test

16




6. The test structure of claim1 wherein said fourth
vol tage source is Vd, the test 16 characterization
vol tage for said MOS test device-source during said
devi ce characterization tests. 7. The test structure
of claim1l wherein said inverter consists of a PMOS
and NMOS device enployed in a CMOS i nverter
configuration with each device gate connected
charegjgidzaiion velage derrpaidid OSript dederiscaseetiudag paid delvied n
connected together to formthe output, said PMOS
chardeteiizagios tastsce connected to sai d second vol tage source
vdd, and said NNCS devi ce source connected to said
hird vol ta \/ss round 8. st
7. Tog PR A VACCGiR P Q1 e TP of ftgmée B IMOSin
assured 180 phase rel ationship for said dynam c stress
devicg gmploypdin A)@M%@V@r@r coriguation withreaeh davicegptecdonngsied
wherein said first electronic switch enables a path
togefther tesfoird thalyppatrand esthr des e tdest cdrinested togkthage form the output, said
applied to said MOS test device source el enent during

PMOg RigVice s derBandctsilto s&lt Geddnd Vo RS selee VAN Gall shig OIMOE @Bvice
during said MOS test device characterization tests.

sourkd contRBied &5dai Plhird SR sBlrcE VAL B droiier ei n sai d second

el ectronic swtch elenent enables a path for said

i nverter output 180 degree inverse phase of said first
8. Thotesbgmictirg efsdaimelswhervio|stidgaverior provislppdn assured 18GplthsdviOS

test device gate during dynam c stress test, and
relapoayipdessai®l@ainid aeks fesidiratvoiageduri ng sai d MOS t est

device characterization tests. 11. The test structure

gf claim1 wherein said fifth voltage source is Vc,
9. Tag fegt %-Hué@rff Hrfilaim lswl%r@ﬂégldg“aﬁteelwpmagwltwr@hleﬁa@@ﬁhcferssald

control of said electronic switches to provide cl osed
dynamic stress test first voltage to be applied to said MOS test device source element

during dynamic stress test, and provides electrical isolation during said MOS test device

" characterization tests.

10. The test structure of claim ! wherein said second electronic switch element enables a
path for said inverter output 180 degree inverse phase of said first voltage stress test
voltage to be applied to said MOS test device gate during dynamic stress test, and provides

electrical isolation during said MOS test device characterization tests.

11. The test structure of claim 1 Whérein said fifth Voltélge source is Vc, said electronic
switches gate voltage which provides conirol of said electronic switches to provide closed
switch position during said MOS test device dynamic stress test and open. switch.position
to isolate said MOS test device from said dynamic stress first voltage during said MOS test

device characterization tests.
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switch position during said MOS test device dynamc
stress test and open switch position to isolate said
MOS test device fromsaid dynamc stress first voltage
during said MOS test device characterization tests.
17 12. The test structure of claim1l1l wherein said
sixth voltage source is Vg, the test characterization
voltage for said MOS test device gate during said MOS
12. Thedtest gaysters of elaim A otherdin said gnthhebege souge inVedhetesd
capaci tance sem conductor test structure on a _
chargubrstatian eoltage porcaidddOB aest titndce gt duriniisaiddMOSnese dSticeess
and devi ce characterization test of sem conductor
char@@wmii£68n fe@fs. Negati ve Bias Tenperature instability
conprising: nmultiple MOS dynam c stress test devices;
a i nput contact pad for a dynamc stress test first
13. { gedugefbeapagitapes asrtiendpger e FitpGciong uhgraghiageovide for the
rel ati onship of said dynami c stress test first

- autoyatit dgeymia stidss sid ddvartchamcteriztion ot ofeeint@nbettoveienicsaiod

dynam c stress test first voltage and said nultiple

Neghfe BiYOBeherghifedfifabiRglcofipMbing source el enents; a
second el ectronic switch device between said inverter

out put and said nultiple MOS dynam c stress test
devigierlg MQS dynspagsteess tepf devisP® cont act pads for 't he
application of second, third, fourth, fifth, and sixth

vol t %ﬁg t : | aim 13 wherein
saﬁgﬁﬂgﬁ?F%#Ea a&?%%ﬁ?%ﬁééﬁ%égm?ggﬁg%evices
an inverter for controlling the phase relationship of said dynamic stress test first

voltage;

a first electronic switch device between said dynamic stress test first voltage and

said multiple MOS dynamic stress test device source elements;

a second electronic switch device between said inverter output and said multiple

MOS dynamic stress test device gate elements;

multiple contact pads for the application of second, third, fourth, fifth, and sixth

voltages.

- 14. The test structure of claim 13 wherein said multiple MOS dynamic stress test devices

are PMOS devices.

15. The test structure of claim 13 wherein said dynamic stress first voltage consists of a
train of pulses with magnitude varying between 0 volts and the nominal circuit voltage

Vdd.
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are PMOS devices. 15. The test structure of claim 13
wherein said dynam c stress first voltage consists of
a train of pulses with magnitude varying between 0
volts and the nominal circuit voltage Vdd. is 16. The
test structure of claim 13 wherein said second voltage
is said inverter circuit noninal source voltage Vdd.
_ 17. The test structure of claim 13 wherein said third
16. Vit tesfgruetpigrod glaing 19sdiersin gpichspaond dtagdlssaidaryerter circuit
structure of claim 13 wherein said fourth voltage
nonsial s@ecd wlidge Viithe t est - characteri zation vol tage for
said nultiple MOS test device sources during said
eV|ce char erlzatlon te The test structure
 EFSITH S UGB 14 T fiéfp?tegﬁ?gv@tee Yts 4
and NMOS device enployed in a CMOS inverter

- 18. ‘Pﬁ’é‘tfebtgﬂ{xéthfe(lﬂ Wirh N3 SacRid8kE AR %Ri{e%lu%g RIVEThd Qst
formthe input and each drain connected togethHer to

chalfagtelg}attllag ﬁ%ﬁ% lfigr salda mgltl %3 t 8?\710 Ssoﬁrcgg NK‘/-?%I‘] %Cdt (%gicte 0

seco ge Sofr ce evice
our.ce. connected to said third voltage source Vss or
Chm§W8ﬂﬁﬁmn§ﬁs The test "structure of claim13 wherein
said inverter provides an assured 180 phase

19, Tﬁé Rk sﬁﬂ@tﬁf@%ffci%ﬁmslg'\ﬁle%fﬁ]é’dﬂ fvefdreasilte 8t a MO and NMOS
vol tage. 21. The test structure of claim 13 wherein

dev‘?{? 'ﬁ%ﬁ] g&i {nraecﬁﬁs‘ 19?é1feir ?éﬁﬁ@@qut%n %vq{ht e%clﬁ %ﬂcg%(lﬁtne&gd (%Qtlhgr to

ess tes

sgid multi MOS tes evi ce squrc el epent

forn st g PasB RS essrigr 56 QaBbtis chh SRe R0y S Pdre
during said MOS test ] i

source connected to said second voltage source Vdd, and said NMOS device source

connected to said third voltage source Vss or ground.

20. The test structure of claim 13 wherein said inverter provides an assured 180 phase

relationship for said dynamic stress test first voltage.

21. The test structure of claim 13 wherein said first electronic switch enables a path for
said dynamic stress test first voltage to be applied to said multiple MOS test device source
elements during dynamic stress test, and provides electrical isolation during said MOS test

devices characterization tests.

22. The test structure of claim 13 wherein said second electronic switch element enables a
path for said inverter output 180 degree inverse phase of said first voltage stress test
voltage to be applied to said multiple MOS test device gates during dynamic stress test, and

provides electrical isolation during said MOS test devices characterization tests.
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devi ces characterization tests. 22. The test structure
of claim 13 wherein said second el ectronic swtch
el ement enables a path for said inverter output 180
degree inverse phase of said first voltage stress test
voltage to be applied to said nultiple MOS test device
gates during dynam c stress test, and provides
electrical isolation during said MOS test devices .
- 23. thedegistraetingf clgim i  sthereim QudBith Yoltage esurosisMee said elegifonic
claim 13 wherein said fifth voltage source is Vc, said -
switeha ghtconitage which ploetlegadneroV of daaideotdonzhywpickasitd @mvide closed
' control of said electronic switches to provide closed
switeNVhdSlonRSink is@0 nelilih1e 819 edt ddvtdes %@nﬁ@r&s_@&h A8 \bb&LSwitch
dynam c stress test and open switc position to
als % . . \/ |
rospFLR e T O MER S (ORLEADLRAR g ot
.devi. aracteri.zation tests. 24. The test structure
durigg S%?W%ﬁt qaﬁHnge?l}?mé’Sﬁ“&atéqW%s‘vol tage source is Vg,
the test characterization voltage for said nultiple

24, MSckteslictdR\IreRi 3 SshefliM ti0sihi v 1thESocuRSls VEaUE &8s
characterization tests. 25. A nethod of generating a

chara BN SR CORAe £5AR SEP10A0dYGH QbvilEskesSubiH EHE R109 Bt
BEHER %ﬁprovﬁﬁg ?gi g %% yn&%

substrate t r the aut onat c stress
tbvandlgevkget&ﬁﬁrgcperizatiOn t est of ,seniconduptor

R EEE G Reghti ve Bias Tenperature instability said
met hod conprising: creating an i nbedded sem conduct or

25. AGNHER] dfPeRErhig AMetiticed chdRartd derdicbMRtdr Gest RFRMiIrélen @
- 180 degree phase shift output fromthe circuit input

subSARARIpFovidd ﬁﬁﬁletaﬁﬁ,&na&ia ggﬁofmix %és@lgﬁ‘d a/&%e_scﬁhra%lﬁ%ﬁiioﬂ st of

first "and second | nbe NMOS el ectroni c sw

semgc%\ﬁhlgc?osr; devices for Negative Bias Temperature instability said method comprising:

creating an imbedded semiconductor device inverter with a PMOS and a NMOS to
provide a 180 degree phase shift output from the circuit input dynamic stress test first

voltage Vpulse;
creating first and second imbedded NMOS electronic switch devices;

creating a first PMOS test device for dynamic NBTI stress and device

characterization;

providing the circuit with a second voltage Vdd, a third voltage Vss, a fourth

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

creating terminal access padé said first Vpulse, second Vdd, third Vss, fourth Vd,

fifth Vc and sixth Vg voltage sources.
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creating a first PMOS test device for dynam c NBTI
stress and device characterization; providing the
circuit with a second voltage Vdd, a third voltage
Vss, a fourth voltage Vd, a fifth voltage Vc, and a
sixth voltage Vg; creating term nal access pads said
first Vpul se, second Vdd, third Vss, fourth vd, fifth
_ Vc and sixth Vg volta%e sources. 20 26. The nethod
26. Heowetiphaccoling @ickaim 2o werdiy\said spmicondrcew dgviee pwverter is
device inverter is created by connecting the gates of
creagdiby comwetithethe BMESoBsail maerckr PM@S tusd sabdMbSerten I8 together
and to said input dynamc stress test first voltage

and \@éﬁhcﬁﬁpﬁ@"ﬁyﬁﬁnﬁ%&éés&&r& figdt valtae \ERildervdiidh QhsisRRF b @lis€ train of
- high and Iom1anplltude square waves. 27. The net hod

;wm&ﬁGHf %B@kk@mﬁ ﬁﬁgg py sai d sem conduct or

devi Ce |nverte omere by connecting said

i nverter PMOS deV|ce source el enent to said second
27. Vind eathed asordingeto\idkdm 2inwhdogbycaidrsemidonducsariddvice waettaris

NMOS source elenent to said third voltage source Vss,

powkehdityabhdtcgfi@shiidinveifer PMIOS Ae¥iBOshuaeeMitinh e Jali sfél:@idmo%ége
wher eby sai d sem conductor device inverter output 1is

SbUlfCQ Wﬁdarﬁ%y%ﬁ%ﬁﬁ & B84 e dnalips s‘Bﬁrc@ @leglehﬂﬁ %ﬁﬁi ?ﬁu-d:’ WMiBee
sald fnverter  NMOS together. 29

n Q_cl |n125 wher eby sai d eiectronlc SMAtCheS
som%g%%g gmﬁﬁé? connecting the gates of said
smntches together and to said fifth voltage source,

28. 'VBe meéthio€ Bcdosding il caith 20whdrebyl saidelemddond@itst @iz Rtberter output
vol tage source, Vvdd, to turn said switches on, and
is formed by connecting the drains of said inverter PMOS and said inverter NMOS

together,

29. The method according to claim 25 whereby said electronic switches 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,

30. The method according to claim 25 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
said first electronic switch to the source of said first PMOS test device, connecting the
arain of said first PMOS test device to said third voltage Vss, and by turning on said first

electronic switch with said forth voltage source Vc.

31. The method according to claim 25 whereby said inverter output is applied to the gate of
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changed to a negative voltage level to turn said

switches off. 30. The method according to claim 25

wher eéby said i nput dynam c stress test said first

vol tage Vpulse is applied to the source of said first

PMOS test device by connecting said first voltage

Vpul se to the source of said first electronic switch

connecting the drain of said first electronic

saidsﬁ);ssttPMDS test ¢rviesdiyrcornesting saidlinvertertoupvi® the drairdefispidesecond

connecting the drain of said first PMOS test device
electronis awidch dridrednnvatih@the shiase obwaill deyordklentmogicewitshhtadsaid gate of

first electronic switch with said forth voltage

said TRUPABOY Gest &vice HRE bRl oA GEiANEUoNE eleBiridbWitddtoncurrently
whereby said inverter output is applied to the gate of

w1ﬂ12§£1c§ﬁxjsfjelédttroﬁk s%vﬁtﬁ%ﬁlgqﬁ%' Yot Qé/ so‘ﬁ%nﬁgt i ng said
I nverter output rain of-sal d second
el ectronic switch and connecting the source of said
32. Siecaatiiod herotdinioa|am 2SobherabysaiddirgtdiM OB ftest daviiab if chissdcterized
~ PMOS test device and by turning on said second

by cBhiRetif O8I fovth e lage ONTi shRITEYPMDK kbt 8\ick doliFcs! connecting said
el ectronic switch with said fifth voltage source, Vc.

smtl?golt ;&Q W@EQH %rﬁ?gv\f}ﬁ'te@é?dév&e /i fﬁh?-éff\é%lﬁ rﬁg{?)ﬁné &lcfng

t est ice IS characteriz connecti ng

{.a
cieeBhiF s el bl 18 Sl S ool e R HEe S Ly he By
first PMOS test device g § turn off gld first_ and
prodding the a@p@@flafsﬁme@&gmr&we ihigns fakitrid Foyrih apdisixibrioliages.
vol tage source Vc to a negative level, and by
provi ding the appropriate measurenent conditions for
said fourth and sixth voltages. 22
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