: pge3eNK$@, T: D )1 2 pl ~G 2004 ZERO- TEMPERATURE- GRADI ENT ZEROC- Bl As,Z
THERMAYLY STI MULATED CURRENT TECHNI | QUE TO CHARACTERI ZE DEFECTS 1. < AUG 2004
SEM CONDUCTORS OR | NSULATORS BACKGROUND OF THE I NVENTION (1) FIELD OF THE

| NVENTI ON The present invention relates to an inproved nmethod of
characterizing defects in sem conductors or insulators.” s (2) DESCRI PTI ON
OF THE PRIOR ART Thermally stimulated current (TSC) is a well known net hod
far the characterization of defects in sem conductors or insulators. A
sanpl e i sZBRRTTEMPEAATRE -GPRPEEANT yzBRO-e ey riuzaMhy L osfikdragxd he df ect
states or traps with carriers at a |low tenperature, e.g. the tenperature of
li qui d nFEROGEh. THHEH e T8aPRRATSEREEE EREATH ENeSESRP@NHIQNGRS ncr easi ng
linearly with tine. A current gugNgg carriers being emtted fromthe filled
defects or traps is then r ecorde LATPRMction of tenmperature. 1 1 z auc
zoos Usually, a bias voltage is needed as the '

BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention relates to an improved
-method of characterizing defects in semiconductors or

insulators.

{2) DESCRIPTION OF THE PRIOR ART

i

Thermally gtimulated current (TSC) is‘arwell
known method for the characterization of defects in.
semiconductors or insulators. A sample is excited either
optically or electrically to fill up the defact statesa or
traps with carriers at a low temperature, e.g. thae
temperature of ligquid nitrogen. Then the sample is hsated
with the temperature increasing linearly with time. &
current due to carriers being emitted from the filled dafects

or traps is then recorded as a function of temperature.



driving force for emtting carriers during-TSC nmeasurenment. However, a
parasitic current which originates fromthe bias voltage and increzsg 5 }
exponentially with tenperature can cover up the TSC signal, especi al @ f%m
energetically deep defects in the band gap. Zero-bias thermally stinul ated
current (ZBTSC) nmakes use of either a built-in potential or a tenperature
gradient as the-driving force for carriers emtted during neasurenent. It
has been found that a parasitic current still exists far ZBTSC due to a
very snal| tenperature-$fadiéeht ackidenrvalfyoerateeedndtd® 8Bfpl e during
ZBTSC neasurenment. During ZBTSC. neasurenment, _.a probe_is needed to contact
the devi 881HABEr TPESE § mhhFeR9i S2praced SHEtR Cof dPRAGEF™ERTa
cryostat., A cryostat_is a_piece_of equi nt _used_for™ L.oweri he '
Fenpor at HPHSFBE T 6 PREARFFEC. EHEPBIREPALTY 80P PRESF dZAPEr GHEn> Fhere is a
tenperature difference be n_t he-probe.hol der, and th opl ol der, the
Sorbal | ed o FRGer Ao TR SR BN SEPa o Tar (ehE Eh APPASE CCanCBa | ower ed
to, for I; re li.quind . Nict.r.o Sy | TP oY ure
differeng%ﬁ%gL%Sr%?%cgggpg%g%%lfe%%gﬁggéﬁgyggg igﬁgr gfé%?‘?%g%%%%

resul tingid cd sP3rasinkl Hagldl GRBL | TeRe ndBESEherasl 1 YMs thithi sk e@r aphi cal |y
llustrates the TSC signal at increasing tenperature during ZBTSC

measur emefifrrette (E3@s2) makds ude 44G200eeaksill-ard pbid dmdiadator def ect
~states. 13 indicates the parasitic current due to the tenperature gradi ent

i N the sarmpipeditnimg drenfierat we Searr ithegdicasie iforcurarentens3 wil | nmask
the TSC peak 12. The parasitic current during ZBTSC limts the range of
ZBTSC t o el ted aluyr igve mpaguanentshal I owate foasms faumd &iipl, the defects
at low tenperatures (11) may be found while defects at higher tenperatures
(12) wi | IPHRMEEKRFWE $He Parasi F S eurk@ntZBEHEC SBifetthes Yehe Paridsitic
©current can-be the deteg%go limi._for even energetically shall ow defects.
Tt is deshPBRFTEFITHERGREIT FOrHTHER LY s it i r Jaiert ZB7SC. A

Jantscn cPSEHE TR TG OB Tntet et it

es t ere 1s always®a certaln anoun age.

current presenlauhen, TS St eVRL Sgobi asethadbi s. 081 @i § e@ifien s et hod of

measuri ng change in a nm crowave eld rat her than the current neasurement
of TSC. UyPacFat Rt +Be360126FihQar| HAradiseysees. t e Bpo8talSCste nmeasure

rel axation of especially plastics and polyners. U S. Patent 4,496,642 to
Tam et al pshewsof ESCipmehoduted feaslowagingrteat taspéeaperat ive fsr
i ncreased: No nention is made of | eakage current or tenperature gradient: 3
' example, the temperature of liquid nitrogen. There is a
temperature difference between the probe holder and the
sample holder, the so-called cold finger. The temperature of
the cold finger can be lowered to, for example, the
temperature of ligquid nitrogen. This temperature difference

can produce a small temperature gradient across the DUT,

resulting in a parasitic current in the ZBTSC spectrum.

Fig. 1 graphically illustrates the TSC signal

‘at increasing temperature during ZBTSC measurement. The TSC



e.___.- 47 2 AKK 2004 SUMMARY CF THE | NVENTI-ON ‘Accordi ngly, the primary
object of the invention is to provide a process for characteringdeggsczmm
in sem conductors or insulators using a zero-bias thermally sti

current technique having a zero tenperature gradient wherein parasitic
current is elimnated. A further object of the invention is to provide a
novel ZBTSC apparatus that elimnates tenperature gradi ent across a sanple.
Anot her- obj ect of the invention is to provide a process for characteri zing
def ect s prakenildoaddcildr $¢ndi chfsuldatfecs. wiatgsa zdRo-ibidds attiesr ridld y
stimulated current technique wherein parasitic current is elimnated by the
.use of apP3e@slitiBTSCGraspar dugs tohathee Hofnamadainee gradiante igr &di%nt across
a sanple. In accordance with the objects of the invention, a process for
char act eS3IIG deddds HFReSH R RadBrs g RANRIFSE FHTHFEEE Zet o- bi as
‘thermally stimulated current techni que wherein parasitic current is

el i m nat &t oy MARE (¥ oS BffVell ZBTSC apparatus that eliminates
“tenperature gradient across a sanple is achieved. 4 ~1 2 BUG 2004 The
novel ZBTSC apparatus conprises a cold finger on a cryostat. A sanple

hol der is attached to t ' : obes r-asg@tiaghed £t he
cold finger. A probe isth%g%ﬂg%é?%P%hgégf%be H%?ggf. A feedback

tenper at Uf g, SO ¥ OZpKEEPS: tAE] PELHEL né'néf'@e@@&zﬁlli%n@l@él Bbwthersane.
tenperature.  Alternatively, the sanple holder may be attached to a first
col d-fi ngesr addahpee preke hokdetsast atbedttmparatepad ¢bly hapgbe. Feedback
tenperature controls for each cold finger are programed such that their

t enper at ufesndarehkbptdefiecsanet Thehenptempdratnoedi 8329 hwiidl by sti nul at ed
current technique of the invention conprises nmounting a sanple on the
sanpl e ~hokdeedobyt hbenpeepsZBISCcuppanst 43. TREMSHAPRE. | §NExPRLEF 4L Ca

first tenperature to fill up _defect traps with carriers and Lh%BHheated to

p . ] al €
a second CBABERAt GFBReghBe ERARCTAETS LABE Tt ERPePXElr BRRRERE-THE FEati ng
is alinear function with respect to.time. fects are characterj zed by
neasuringS@&#FQWtd&é@CFé'enF§SF§nd@FlFﬁggégP%FE%safW8¥|%ﬁep&Engﬁ traps as
a function of tenperature wherein.t suring is perforned by the probe
of the no&TCZBPEReIRFAF&T 54 2 BRIEF | PTION OF THE DRAWNGS I n the

acconpanyi ng drawings formng a material part of this description, there is
shown: 5 ~ :

A-number of patents discuss the TSC
technique. - U.58. Patent 5,839,588 to Jantsch et al states
that there is always a certain amount of leakage.current
present when TSC is reverse biased. This patent teaches a
method of measuring change in a microwave field rather than
the current measurement of TSC. U.S. Patent 5,360,267 to
Ibar discusses the use of TSC to measure relaxation of
especially plastics and polymers. U.S. Patent 4,496,642 to
Tam et al shows a TSC method for measuring current as
temperature is increased. 30 mention is made of leakage

current or temperature gradient.




12 AG Q004 F|g 1 is a graphical representation-of a thernally stinmul at ed

current (TSC) signal at increasing tenperatures during ZBTSC mea;ﬂ;r&rmj& 2004
showi ng parasitic current which occurs in the prior art. Fig. 2 is a

gr.aphi-cal representation conparing the zero-bias thermally stinulated
current (ZBTSC) technique of the prior art to the zero-tenperature-gradient
zero-bias thermally stinulated current (ZTGZBTSC) technique of the present
invention. Figs. 3 and 4 _are cross-sectional representations of the novel
ZBTSC apparatus of the prERBMRY QR Hith oVENTHON is a cross-sectiona
representation of a possible sanple used in the process of the present

i nvention. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The

zero-tenperature-gradie zer naIJ stl ated urrent (ZTGZBTSC)
techni que of the presen %?% qﬂ% ?%ﬁl% H%?ects in

seni condugt or.s, ¢ OJn'f@ué@tﬁcnggr A

ex cond ctor. 2 ~
n004 devi ce structure rlcatedpfo 3 par rﬂara ?E%ZIHQ %F%ﬁ%%ess

and then is §&m@&5@@cé&réh@rZlﬁlﬁgc%&fgchgwaeatfefgasfggeﬁhéfmgfyydef ects

that may have been fornmed wthin t
stimulated current technique having a zero temperature

‘gradient wherein parasitic current is eliminated.

A further object of the invention is to
| provide a novel'ZBTSC apparatus that eliminates temperalture
gradient -across a sample. = -
Another object of the invention is to provide
. a process for characterizing defects in semiconductors or
insulators using a zero-bias thermally stimulated current
technique wherein parasitic current is eliminated by the use

" of a novel ZBTSC apparatus that eliminates temperature

gradient across a sample.

In accordance with the objects of the
invention, a process for characterizing defects in
.semiconductors or insulators using a zero-bias thermally
stimulated current technique wherein parasitic current is
-eliminated by the use of a novel ZBTSC apparatus that

eliminates temperature gradient across a sample is achieved.



device. This information is then used to nodify process steps, as.,
necessary. For éxanple, a sinple sanple is illustrated in Fig.!ﬂ ZAﬁﬁﬁtgmq
el ectrode 18, which can be netal or heavily doped sem conductor, is
fabricated on top of a thin filmof sem conductor or insulator 19. The film
of semi conductor or insulator is on top of a conductor 20 which can be a
netal ~heavily doped sem conductor substrate. It will be understood by
those skilled in the art that the exanple give in Fig. 5 is illustrative
only. THehermeess BTIHEIPAEHTYDCORPT beessedcobd ahingeyi @R Jtructure
conprising sem conductor or insulator elenments. Now the device in Fig. 5,
for exanpFeoshrt any® obHER &9 E&REIULS 0P L ERGPER, tPsth® BRleubiReRed tg t he
zer obi as thernalla stinmul ated current tebhgiq%e of the present.invention in
£ dp

order toPERBRaBPEFPTelBetBERSESr FRITRA £R oB8EE - of *nBhEPEcttire to this
int. 7 ~ AUG 2004 Th i h i i 5,
Deelt e BrtRGReBpEronnt PR E BBt EEal 6 FaePPRrR iRt e, Beftlar®, ' ®
t ith i t yr ) iquid
702 L5 SRR Vg B U8 b ol

| nearl y uhickly L7616 CURLCRLIYE H016ALT Ll JaeLhg erbist ed L guythe 1111 ed

defect; or traps en recor as a unct!on of tenperatureZ
zer 0- bi ag. ke rfq%lg:e)f shigM¢hat edoper HenlieheGhfitre dTRkes weeopk eidider a

built-in potential or a tenperature gradient as the driving force for
carriers mfdded Guddng dXeastpRiBturel ROl amrecaicy ecgdadiieger
zero-bias thermally stinulated current (ZTGZBTSC).techni que of the present
i nvent i oramé |drdgramess esundt hate therige temparat wstse @deorkddthittheofsatife basi c
ZBTSC technique. This can be seen graphically in Fig. 2. E-is the bottom
of the cdfrictimrptrghdenntEas ithamallsp sﬁfrlmﬂeatﬁéf e Ve d-e A8 ai ned
. above, the undesirable . .

of the invention comprises mounting a sample on the sample =

holder of the novel ZBTSC apparatus. The sample is excited

at a first temperature to fill up defect traps with carriers

and then heated to a second temperature higher than the first

temperature wherein the heating is a linear function with
- respect to time. Defects are characterized by measuring

current due to emission of the carrierslfrom the defect traps

as a function of temperature wherein the measuring is

performed by the probe of the novel ZBTSC apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawingsuforming a

material part of this description, there is shown:




tenperature gradi ent across the sanple cones fromthe tenperature
di fference between the probe hol der and the cold finger. The probg @giwrzggq
is usually at a tenperature of close to roomtenperature, whereas the co
finger. is brought from for exanple, the .tenperature of liquid nitrogen to
a‘tenperature above roomtenperature. The tenperature 8 1 2 AUU- 2Q04

di fference between the probe holder and the cold finger can produce a
tenperature gradient across the sanple. To solve this problem_ the probe

hol der shoul d have the Eafe LehpBePafbrBhasathEcPERaePLAGEPT PRI & new
technique is called zero-tenperature-%radient zero-bias thernally

sti nul at EBeEBRL&Ht SEXTRIBFSE) CHY TRRE ((AVEAt ST 2F0 3tedlCFEFREIZTGZBTSC
“technique of the present .inv i.on, two probe hol ders and _the.sanple can be
mount ed &RTPRE3SHTESC PalFﬁnggﬁsgcﬁﬁaéﬁﬁ%&eﬁe F%Sﬁlpﬁepﬁgﬁgﬁ%iéTSC
apparatus_of the present. inventi s ] ted in 3- _ Fig. 3. Cold
finger 369°E & toW%} gcggﬁé ﬁ%h%%ﬁ,iﬁgﬁgfﬁ%&ﬁade of copper, is attached to
the cooling elenent, heater, and tenperature sensor of the cryostat inside
a vacuum chanber. An insulator 32, such as mca, overlies the cold finger.
The sanple 36 is nmountedint @ tihe £ALFHNGEr Mp @S oficn canthting
“adhesi ve 34, such as silver paint: The sanple 36 in this figure is a
sinmplifi eghdeoyd€e-bilde Sadimnl B Ys bamalyt ale vier @otrpf 237 310) sexdocongitet or s

or insulators, such as, but not limted to, the device illustrated in Fig,
5. Probe dibl tes spRBonararalso toumtedorenpersutteféng@ient - BY2Hyl on
screws. Probes 40 and 42 are used-as top and bottom contacts, respectively.
Duri ng theheemgblﬁtﬁt%m%kﬁhﬁ@n@u¥ﬁeZBTE£?ﬁ%%§%?én%%??n%%%?eoﬁﬁF?ebe one set
of . feedback tenperature controls such that the two probes and 9 1 2
A(~~ 2004PETR8eRE| HNYPAGEP wi || have the same tenperature.

mi_

Figs. 3 and 4 are cross-sectional
representations of the novel ZBTSC apparatus of the present

invention.

Fig. 5 is a cross-sectional representation of
a possible sample used in the process of the present

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The zero—temperature—gradieht zero-hias
thermally stimulated current (ZTGZBTSC) technigque aof the
present invention is used to characterize defects ind

semiconductors or insulators. For example, a semiconductor




Fig. 4 illustrates a second enbodi ment of -the--novel ZBTSC appar at us of_tqﬁ
present invention. Cold finger 30 holds the sanple 36, nounted as i 8 AldG 2004
first enmbodi nent over an insulator |layer 32 by nmeans of a conductive
adhesi.ve 34. The probe hol der. 38 can be nounted on a second cold f.inger 31.
There may be another second cold finger for a second probe hol der 38, as
shown, if two probes 40 and 42 are to be used. During the tenperature
scanni ng_in ZBTSC neasurenent) there are two sets of feedback tenperature
control sAgYdFd FREUETREE andiRELAALed| BOf APnBRFE180laRdP3Intr 83 pkREi vel y) .

The two sets of feedback tengerature controls are Erograned,such that the
two col dPFPRBEFsRFI FREPWAFsSHBIBCERE SaAntheehpEral Bf e S ERPAGEENE OV

ZBTSC apparatus of the _present inyention, in either of the t referred
erbodi menpazoF sty b ReY QREOHFRORRECsORK FAME PREPpOEESHOSEPL arEe
mounted gn.a ol d.flager Lo achigve the sane %?%Behghgﬁﬁ 8%o Eg% of the
sanpl e, resulfs intaczéfro Fenperature grad|gﬁt across the“sanple.
Elininatgggpgf‘égeHEQQQQQQ ure difference between the probe hol der- and the
cold finger~hdl ding the sanple eliminates the parasitic current shown in
Fig. 2. Thus, the process of the present invention using the novel ZBTSC 10
~r ~ au~ u~4 apparatus results in an inproved nethod of characteri zing
defects in seniconduct OFprOfexiatplledt & $imhid &dnfie d Neenliloktias ddeam
particularly shown and described with reference to the preferred _
enbodi nerrtisy .t fter edf ,gatte willdcthedender,s twdmicklbycarh dse relhdill ed ieaidyart t hat
vari ous changes in formand details nay be nade w thout departing fromthe
spirit aroswbprenicartindinentisorfabmiaated cimitam d%:a2 thin £idmgd 2004
‘Clainms: |.A nethod of characterizing defects in a sanple conprising:
semiconductor or insulator 19. The film of semiconductor or
insulator -is on top of a conductor 20 which can be a metal -sx

heavily doped semiconductor substrate.

It will be understood by those skilled in the
art that the example give in Fig. 5 is illustrative only.
The process of the invention can be used on any device

structure comprising semiconductor or insulator elements.

Now the device in Fig. 5, for example, or any
other semiconductor device, is to bé subjected to the zZero-
bias thermally stimulated current technigque of the present
invention in.order to characterize defects formed inrthe

process of manufacture to this point.




nounting said sanple on a first cold finger of a cryostat; exciting said
sanple at a first tenperature to fill up defect traps with carrier52 AUG 2004
heating said sanple to a second tenperature higher than said first
tenperature wherein said heating is a linear function.with respect to ting;
and characterizing said defects by neasuring at zero bias current due to
em ssion of said carriers fromsaid defect traps as a function of
tenperature wherein said neasuring is performed by a probe nounted onto a
second cold finger wherthe sandlprobachndssthd €ervicecehdwhi ageFigre at the
sane tenperature. 2. The nethod according to Claim1l wherein said sanple
conpri ses’ sefii B3RUGEEoR L 8BGF cEBLL6APLY sPHgeeRmtEdRaBtF ol of LlasUPatbr

ding to . Caim1l wherein said first tenperature is

| ayers. g.ghe ne%h d acco%

bet veen SESAET18FARAT BE. A FHe “AERn68SACoRdPEg S 0O SPRPEARDTBrn sai d
dt i b . t t d high t .sai d

firet teoodr athbe epBeRuelrs®dR T HRR R od PR e, bl RGP SO R m 1

wh . ¢ : . ¢ - . eatd ¢

Bri g s g e B e A TP SRR 82

probe is LRG0 +8 Ra0hE el §eh niDWHRd LN Al S8aand € Al Jdiager .

7. The method according to aim1l1l whérein a first probe contacts a top
portion @fr S@ishsS AP H@edNd MMRIIRIAN a3 L UL HIRD € A& A0t t gmRghor ti on
of said sanple and wherein said first and second probes are attached to
first ancesecdnichsprudeentadllderss inmlnatted grueaint sesond ol dhdldargerse &fThe
nmet hod according to Caim1 wherein said first cold finger and said second
col d fi ngerthvonpy imel lad simgetagdiidf iomer . tGupm et ok aticordiayy the C aim
1 wherein_ feedback tenperature controls for each of said first cold finger
and sai d FECOME RS | Tigercanel 9o fEnveRs shehinh e awi R8st col d finger
and said second cold finger will have the sanme said tenperature. 10. The
met hod according t& T aim 8 wherein a feedback tenmperature control for said

single cold finger assurfi that said probe and said single cold finger wll
have the sane said tenpe ?L%%fojﬁfmpéga€hre Grafiént! dS-5Tas

thermally stimulated current (ZTGZBTSC) tachnigue of the

present invention will increase both the range and the

detection limit of the basic ZBTSC technigue. This can

be seen graphically in Fig. 2. E= is the bottom of the

conduction band and E- is the top of the wvalence band.

As explained above, the undesirable
temperature gradient across the saméle comes from the
temperature difference between the probe holder and the cold
finger. The probe holder is usuaify at a temperature of
.close to room temperature, whereas the cold finger is brought
from, for example, the temperature of liquid_nitrogen to a

temperature above room temperature. The temperaturs



~ z our zoo4 11. A nmethod of characterizing defects in a sanple in the
“fabrication of integrated circuits using a zero-bias thermally sti n‘plbtﬁéﬁﬁ- 2004
current technique conprising: nmounting said sanple on a first cold finger

of a-cryostat wherein said sanple conprises sem conductor or insulator
materials: exciting said sanple at a first tenperature to fill up defect
traps with carriers; heating said sanple to a second tenperature higher

t han sai%:f' st te eratureiéﬂfrein said heating is a linear function with
r espect td‘t]tfireﬁ&ncgnng’e&:ﬁ‘ﬁeé’ct AP s - &?ﬁdg e medsurfiingen caaro bi as
current %{f gl%eer:g séimon roft sai d (S:ag.ri ers fromsaid defect traps as a
function o c]terrpera Ure wher sl FEtPEn XU (DU Dy £ V- as

nmet hod ang,; j i i (S rf.or by a ,qrobe nounted onto a
second co&lqldl\%ﬂli%{llgiet{l%e%ﬁ%ﬂgg}d&b{%@gf&%@?‘g 11“_:?/“?‘?5tt%c’i’olSd_:mi‘er nger have the
same { empaligiditurk? asTigdTeidiod Aeeard norl o, AAl M Nerel 1L, sald saml e

conpri ses sem conductor devices conprising Ssem con I~ insuTd

layers. Yroedpidiacaceiidi it 0 Gaim 4d whenel i said fivst.d enperature
i s between about -197 and 0C. 14 ~ 2 AUK 207l 4 14. ﬁ'ﬁée&rée‘%%%éde%ccor di ng

- to d ai m&irmwher gi2TGEBTEGEMNdkHeMeraitses 1 S at or above room tenperature
and higher than said first tenperature. 15. The nethod according to Caim’
11 wherein said probe is attached to a probe hol der nmounted onto said
second cold finger. 16. The nethod according to Claim 11 wherein a first
probe contacts a top poriq offdFlnRi the fPFEBEFd whelneiqua secome probe
contacts a bottom portion of said sanple and wherein said first and second

probes ar®r ATHe e THE 9T st TP LRI brehe Rt debe swuRtecyn i d

second C%&A{Q@eén 1;_Ilze' Jahn?e ITCI:EC'[J fc?df fr(fgg{‘ Ejl ngné Oengbgé.ir?né_%t \Agfergkllg novel

ZBTSC appar@tus‘of';he present invegtion is illustrated in-me -
Fig. 3. Cold finger 30 is shown. The cold finger, usually
made of copper, is attached tc the cooling element, héater,
and temperature sensor of the éryostat inside a vacuum
chamber. VAn insulator 32, such as mica, overlies the cold
finggr. The sample 36 is mounted onto the cold finger by
means of'a conductive adhesive 34, such as silver paint. The
sample 36 in this figure is a simplified device. The sample
may be any device comprising semiconductors or insulators,
such as, but not limited to, the de§ice illustrated in Fig.
5. Probe holders 38 are also mounted on the cold finger,
e.g. by nylon screws. Probes 40 and 42 are used as top and
bottom qontacts,.respectively. During the temperature
scanning in ZBTSC measurement, there will be one set of

. feedback temperature controls such that the two probes and




said first cold finger and said second cold finger conprise a single cold
finger. 18. The nmethod according to Caim11l wherein feedback tedgérdugrgm4
_controls for each of said first cold finger and said second cold finger are
programmed such that said first cold finger and said second cold fi.nger

wi |l have the. sanme said tenperature. 19. The nethod according to Claim 18

wherein a feedback tenperature control for said single cold finger assures

that sakHeptehg anHg8ai §i1% nate2 ALK ingle_cold finger will have the
same said tenperature, 20. A ?e?o-@gagagge?%agﬁ§asPFﬁulated current

apparatus conprising: a cold finger on a cryostat; a sanple hol der attached
to said cold finger a probe holder attached to said cold finger; a probe

attached to said probthngerilandt&akégdQag&cggqp%h@bgﬁﬁeggng&oEhghereby
said probe and said cold finger are kept at the sane tenperature. Z1. The

zero-bié@vﬁﬁeﬂﬁﬁﬁﬂyappamakasedfcmm@e®&e@@ﬂﬁrahu@n@Q@g[di@%lgpfghggqlzo
further conprising: a second probe hol der attached to said cold finger; and
a secondOpheBésathachaarie 84, dmsendrd pmohe hbkderrs22 embo®iked of
characterizing defects in _a sanple using said zero-bias thermally

sti nul aPE&§Tc Gfy REUABHAratayest 3@ SymmRensowdT iasicogdunmtime pgheaiidesanpl e
on a sag&le @ | der e eig sai_d sanpl e conprises sem conductor or insulator
materi al: "ex¢i'fi RYCE5i GOL4R5I 8aCaR fier foun&sserat @ saconi Idoldp def ect

tréps m&ﬁgg%%rﬁﬁqrsfh£§e m%yzbéugﬁg¥%er second cold finger for a

- second probe holder 38, as shown, if two probes 40 and 42 are
to be used. During the temperature sScanning in ZBTSC
measurement, there are two sets of feedback temperaturg- =
controls {(form the first and second coid fingers 30 and 31,
respectively). The two sets of feedback temperature controls

are programed such that the two cold fingers will always have

the same temperature.

Using the novel ZBTSC apparatus cf the present
invention, in either of the two preferred embodiments or any
other embodiments such that the probe holders are mounted on
a cold finger to achieve the same témperature as that of the
sample, results in a zero temperature gradient across the
sample. Elimination of the temperature difference between )
the probe holder and the cold finger holding the sample
eliminates the parasitic current shoﬁn in Fig. 2. Thus, the

process of the present invention using the novel ZBTSC

10




heating said sanple to a second tenperature higher than said first )
tenperature wherein said heating is a |inear function with respegyk?g@i me;
and characterizing said defects by nmeasuring at zero bias current du OZMM
eni ssi-on of said carriers fromsaid defect traps as a function of
tenperature wherein said nmeasuring is performed by a probe. 23. A zero-bias
thermally stinmulated current apparatus conprising: a first cold finger on a
cryost at tached to said first cold finger; a first
feedback??éﬁ%%gg 5?%8%gﬁ%r%§ %%rl%%fﬁv? r@?éé?ﬁcpgiﬁ@%F?C EDtBHRT hol der

at t achedsé ge g Secondeolchddonsss 8rPLobe, atkaghed to said probe hol der

and a second feedback tenperature contro or“said second cold finger
wherein said first and second feedback tenperature controls are progranmed
such that said probe, said second cold finger, and said first cold finger
are kept at the sane tewpelatthe. iRdenihEnzrAe-Hbas HHELIRLYY-$Li MUl ated
current apparatus according to Claim23 further conprising: a second probe
hol der ashaehedndodsacdisedontlthotdféi-agee; tanegha seeoadrpaobe attached to
sai d second probe holder. 17 1 2 RUG 2004 25. A nethod.of characteri zing
def ect s PRPAdsARAPLe bBengofai dtzeidlbbasuhiersabdy BYyi nnbatedkeureent
apparatus of Claim 23 conprising: nounting said sanple on a sanpl e hol der
wher ei n 53i GRS afpFetRBRpYREE8US AP EBAAECEBr f0FM| ARG| debrimat BAyabe exciting
sai d sanBIS at . fi£sé te erat%re to.fill up defect traps with carriers;
heating 9ard ¥armPett 6°R2EELBHA FeRpERst GPaThtgRBE BRARSsAfdther st
tenperatgﬁgeﬂggggin said heating is a linear function with respect to tine;
and charactéerizing said defects by neasuring at zero bias current due to

em ssion of said carriers fromsaid defect traps as a function of
tenperature wherein said nmeasuring is perfornmed by a probe. 18

. Ac. . AF\ B. AFh@E. A(b. AOEwAb+#B cALEaARLR. Akib. Ah. ALh#. AN A K A< A __ '
#.A(. A Ay9: HVY-9\ {| cI NN C} xsnid_Z] ca] ca] ca] ca] c. a] ca] ca] ca] ca] ca] ca] ¢a] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c a! CDRvw=v
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' ‘ i calcalc

' Q?gg]ntgj )éZ]mcg]_ﬁafglai:gaf?!afglafglafga] c!a] ca] ca] ca] ca] ca] ca] ca] ca] cal chlig 2BlY
03| }] "~} ~#| } xsnid_Z] ca] ca] ca] ca] ca] ca]ca]ca] c |
a] calca] ca] ca] ca] ca] caLc;} caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!
“h' (] 2Z[\.f c
é]hcgi]] ggfg?cgﬁgéﬁggf{;;} ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] |
ca] ca] ca] ca] ca] ca%ca%c | $%l ", 7" 169E} xr mhc™Y] ca] ca] cajcalc al c
a] ca] ca] ca] ca] ca]’af 5?8&] Od)] CAyrcR e g g cdg Eatea] éa) eajseairdad cal ca] ca ¢

! fjk,chbmprising:
?} f?]n??l ﬂ/'??gt#!##SSSS' g?~$$$| Wrgnhc’\ﬂ ca]ca]ca] ca] ca]ca] ca]ca] ca] ca] ca] ca]ca]c .
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca! $% %6 &L &E&&
U (d) ) * @V mbust fng- saild et efl_&l 1saf calealeakcalicalsalsaleal ca) ¢
ajca]c

' :} g:} g:} g:} g:} gcg%ygog%%% g:} g:} ca]( ft %u0011L1u112222222* 3434y41 5x555, 66666Q778

| wr mhe” Y] ca] ca] cagxcat tapcalpdal @ea]nqau]ecae]&ae} g%ig%@-];?@]oaﬁlé]e(i%]t(iﬁ:]ec@&a] c
0 alca] ca] ga] ca! \::;":0;
a] gilggl?ggl?ca]@%é%AA] a\%%q%; Fcédi:%:ckba VBAE) %5}5} &%zr]llélc%ﬁj%a] calc
kot ' oA |tch|Lag €apRd temperature
o alcal oo o gl en . ke Lesket AR S G LG awEEaE. €
i d

;:]C((::;:ij Xg? E}éﬁgi é%aélaﬁ]clg]cga]cgaiéa}eea] ¢apcalical calwa) e apeatcabcakaal;cal cal c
alcalcalcalcal gaid K-0s 10%&' ()-109%& ()-V10%& ()-i 10%& ()- 10%& () -

VI0%&' ()-Vy&10%&' ()-=-9\dE-0s 10%& L) WO%&' ()-1yl0%& ()-.! I . o
LO! 109%& () - 010%& ¢} FoIb9&™ @Yoy RO 9L et KUaB70ea6uss bYYE t )zet]dl 0%& () - )
109%& () -1 @F 10%& lﬂiaé Cau%@%&t( )d'u'e }tw(@&igéw[wiéd g_arr i e’FSNO
10\ ! 109& ()-10%&#%4 "109& ()- 10%& ()-% 10% ()-= 10 10=v ,&} <
10! al 1 2! 109&' () - P- 1092 ) 934rfend (O-ans /0% rgugytion of | |
10%& () - =! f pSH10%Re8H € ¥ a 400 E0 whilr LAV Yot - d DI { ) 5 &GLOYE (Bry k0 10 10
910%& ()-sLQIO%&;ég - mB8#| ~aB7C0 10910%&k' () -f210%& &) = ‘{I;! f1_0%& (“5 -]
"10%& () - &06! 10% ‘%)"i‘ i 5%.%&( PORES Y68 D BxEE gRd co inger
10%0x&' () -1: 1090x&¢Fe VP 18%@x¥& pir)otle 'aWAd { )£ &40 cold finger

are at the same temperature.

2.The method according to Claim 1 wherein said
sample comprises semiconductor devices

comprising semiconductor or insulator layers.

3.The method according to Claim 1 wherein said

first temperature is between about =127 and o°cC.

4. The method according to Claim 1 wherein said
second temperature is at or above room

temperature and higher than said first

temperature.
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10 : hj dEKCO 1039$10%0& () - 6&P10%OX& () -p _ 2004
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100x9109%0x& () -, ! 1090& () - S*] 109%0& () - ?f xnmbC0 10&#10%& ()-= 10 10 .
109s109%& ()-10109%& ()-v.] 10%& ()- *109®& ()- El " dErbCO 10! 109%& ()- 10%& () -
&10%& ()- 109%&>(-)The 10ekhp§- gfgwd(l)rg %Wm 1 WherEg}; n)o bias

101 ° ' g10%& () - PY%JDURS ) 1 kpHIQY & (Dsrde 10N & IJFV%% o) waid

<100 ()-7§)13456aVKé‘5g 10 10 10 109t 10%& ()~ 4M 1%%& - ofg%ﬁ' O-1Y

Y. 109%EE&' () - carriers during said measuring step.

6. The method according to Claim 1 wherein said

probe is attached to a probe holder mounted onto

said second cold finger.

7.The method according to Claim 1 wherein a first
probe contacts a top portion of said sample and
wherein a second probe contacts a bottom pecrtion
of said sample and wherein said first and second
probes are attached to first and second probe

holders mounted on said second cold finger.

' 8. The method according to Claim 1 wherein said

first cold finger and said second cold finger

comprise a single cold finger.

9. The method according to Claim 1 wherein feedback
temperature controls for each of said first cold
finger and said second cold finger are
programmed such that said first cold finger and

said second cold finger will have the same said

temperature.

-10. The method according to Claim 8 wherein a
feedback temperature control for said single
cold finger assures that said probe and said

single cold finger will have the same said

temperature.
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,"10%&f()-!h,"10@Eﬂ&hﬁiq#éo%&h@kj@%$gﬂﬁf()-CDlO%&f()- "109%& ()-Z
@v++++++++xnbCO

mounting said sample on a first cold finger of a
crycstat wherein said sample compriges
semiconductor or insulator materials:

exciting said sample at a first temperature to
£i11 up defect traps with carriers;

heating said sample to a second temperature
higher than said first temperature whexein said
heating is a linear function with respect to
time; and

characterizing said defects by measuring at zero
bias current due to emission of said carriers
from said defect traps as a function of
temperature wherein said emission is driven by a
zero-bias method and wherein said measuring is
performed by a probe mounted onto a second cold
finger whereby said probe and said first cold

finger have the same temperature.

iz. The method according to Claim 11 wherein
said sample comprises semiconductor devices

comprising semiconductor or insulator layers.

13. The method according to Claim 11 wherein

said first temperature is between about -197 and
o°c. '

14




10 \ &10% 0& ()-w 10 10
109S 109 () - | 3" 10%& () -3, 210% ()-CO" 10% ()-+.,\,-,.h.. dEMbCD 104 9 pyg 2084
P'10% 0& ()- !109% 0& () -

F6#10% U&' ()-!10% 0& ()-1#mL0% o& ()-3p10%0& ()-=..(/011111xnbC0 10

&#10%&' ()- 10'0 10' 0 10' 0, 910% 0& () - 0&! 10% 0& () - $S10% 0&' ()

' 10% 0&’ () - 1L3¢11222 THE3E3: t ho %@@@r@}nﬁ:@%@l@m Lav1 ]:«09&

- 1098 () - LVd109%&: 4 1
| OMLOUK () 1008 ) T BekE EF BB 1) A Soa v %gé%‘&[ AVER
10%m& () - #10%m& ¥STREDSMLRE (Fnif mg%e/m' ghan Yeaid firat

temperature.

15. The method according to Claim 11 wherein
saild probe is attached to a probe holder mounted

onto said second cold finger.

16. The method according to Claim 11 wherein a
first probe contacts a top portion of said
sample and wherein a second probe contacts a
bottom portion of said sample and wherein said
first and second probes are attached to first
and second probe holders mounted on said second

cold finger.

17, The method according to Claim 11 wherein
said first cold finger and said second cold

finger comprise a single cold finger.

18. The method according to Claim 11 wherein
feedback temperature controls for each of said
first cold finger and said second cold finger
are programmed such that said first cold finger
and said second cold finger will have the same

said temperature.
19. The method according to Claim 18 wherein a

feedback temperature control for said single

cold finger assures that said probe and said
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20. A zero-bias thermally stimulated current

apparatus comprising:

a cold finger on a c¢ryostat;

a sample holder attached to said cold finger

a probe holder attached to said cold finger;

a probe attached to said probe holder; and

a feedback temperature controcl whereby said probe
and said cold finger are kept at the same

temperature.

21. The zero-bias thermally stimulated current

apparatus according to Claim 20 further comprising:

a second probe holder attached to said cold finger;
and

a second probe attached to said second probe holder.

22. A method of characterizing defects in a sample using
said =zero-bias thermally stimulated current apparatus of
Claim 20 comprising:

mounting said sample on a sample holder wherein said sample
comprises semiconductor or insulator material;

exciting said sample at a first temperature to fill up

defect traps with carriers;
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with respect to time; and

characterizing said defects by measuring at =zero bias
current due to emission of said carriers from said defect
traps as a function of temperature wherein said measuring is

performed by a probe.

23. A zero-bias thermally stimulated current apparatus

comprising:

a first cold finger on a cryostat;

a sample holder attached to said first cold finger;

a first feedback temperature control for said first cold
finger;

a probe holder attached to a second cold finger;

a probe attached to said probe holder; and

a second feedback temperature control for said second cold
finger wherein said first and second feedback temperature
controls are programmed such that said probe, said second
cold finger, and said first cold finger are kept at the same

temperature.

24. The zero-bias thermally stimulated current
apparatus according to Claim 23 further comprising:
a second probe holder attached to said second cold

finger; and

a second probe attached to said second probe holder.
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comprises semiconductor or insulator material;

eXciting said sample at a first temperature to £fill wup
defect traps with carriers;

heating said sample to a second temperature higher than said
first temperature wherein said heating is a linear function
with respect to time; and

characterizing said defects by measuring at zero bilas
current due to emission of said carriers from =zaid defect
traps as a function of temperature wherein said measuring is

performed by a probe.
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