29 SEP 2006 METHOD FOR MONI TORI NG | ON | MPLANT DOSES FI ELD OF THE | NVENTI ON
The invention relates to the general field of electrical charaé:é gﬁll 5 i on
of dosage and energy of inplant, particularly | ow dose and | o B §@é and
nore specifically to ways to inprove repeatability of neasurenent during
nmoni tori ng. BACKGROUND OF THE | NVENTI ON There are several known nethods for
nmonitoring ion inplant doses, including sheet resistance based net hods and
t hermal wave based nethods. However, these two nethods are not sensitive
enough to be rgld [ ' e E1ll cm 2) and | ow
ener gy (<10keﬂﬁ%érﬁﬁﬁg@é@m@gw(ﬁgﬁm&gﬁﬂﬁ% opy (SIMS), which is
anot her nethod for inplant nonitoring, has the advantage of high
sensitivity, but its low throughput |imts its applicability for in-line
process control. Techniques that enpl oy the neasurenent of Surface

Phot ovol tage (SPV) to det ﬂﬁl'ﬁ@FEb&P%yﬁi‘dﬂ@htrati on can be used for
nonitoring | ow dose inplants but the results obtained when using such

t echni ques dhe igeantionlrelatesto thepgenbrel fidie of efectrizal chanatrkzatiatopf dgsage
measurenent. 1 29 SEP 2006 In view of the above, a nethod which is able to
provi dendosrbrgye of deiplainhi partigulang low dose and low energy and more specifically to

ways to improve repeatability of measurement during monitoring.

BACKGROUND OF THE INVENTION

There are several known methods for monitoring ion implant doses, including
sheet resistance based methods and thermal wave based methods. However, these
two methods are not sensitive enough to be reliably used for monitoring low dose (
1E11cm™) and low energy (<10keV) implant. Secondary lon Mass Spectroscopy
(SIMS), which is another method for implant monitoring, has the advantage of high
sensitivity, but its low throughput limits its applicability for in-line process control.
Techniques that employ the measurement of Surface Photovoltage (SPV) to determine
doping concentration can be used for monitoring low dose implants but the results
obtained when using such techniques are generally not reproducible for near surface

doping measurement.




sensitivity for nonitoring | ow dose and | ow energy ion inplants is to be
desired. A routine search of the prior art was perforned with t % vmng
references of interest being found: US 4,854,710, Opsal et al 2 80 and
apparatus for evaluating surface and sub-surface features in a

sem conductor. US 4,755,049, Bonback et al. Method and apparatus for
measuring the ion inplant dosage in a sem conductor crystal. US 5,074, 669,
Opsal Method and apparatus for eval uati ng ion inplant dosage |evels in

sem conduct 1,408, eni.ec t  al time i e testing
of " cant condtion Lieto Vo s achas Wid 14 a8 pinvidagebd fearpHucily and
non-destructive measurenment of sanples. US 6,265, 890, Chacon et al.

| n- | i néeRSHvIBLiOr Mmanitgepg kaw gase aagé@fv £RAEY iaR MEpiRBisdA Lo hedesiednd
apparatus. US 6,326,220, Chen et al. Method for determ ning near surface
dopi ng concentration. US 6,011,404, Ma et al. System and nethod for
determ ning near surface lifetinmes and the tunneling field of a dielectric
in a sem codduitine .sebfEhooiBR, ptits , arSivasmpedbrraed withrthe dollawing meférances bf
resonance nethod for determ ning the near surface carrier nmobility in
conductistesest beinglfouhdt be noted that none of these prior art references
addresses the problem of reproducibility especially during | ow dose ion

i mplant nmonitoring. 2 29 SEP 2006 SUWMMARY OF THE | NVENTI ON

US 4,854,710, Opsal et al. Method and apparatus for evaluating surface and
sub-surface features in a semiconductor. US 4,755,049, Bomback et al. Method and
apparatus for measuring the ion implant dosage in a semiconductor crystal. US
5,074,669, Opsal Method and apparatus for evaluating ion implant dosage levels in
semiconductors. US 5,661,408, Kamieniecki et al. Real time in-line testing of
semiconductor wafers, US 6,268,916, Lee at al. System for non-destructive
measurement of samples. US 6,265,890, Chacon et al. In-line non-contact depletion
capacitance measurement method and apparatus. US 6,326,220, Chen et al. Method
-for determining near surface doping concentration. US 6,011,404, Ma et al. System
and method for determining near surface lifetimes and the tunneling field of a dielectric
in a semiconductor. US 6,489,776, Stowe et al. Non-contact mechanical resonance

method for determining the near surface carrier mobility in conductors.

It should be noted that none of these prior art references addresses the problem

of reproducibility especially during low dose ion implant monitoring.



It has been an object of at |east one enbodi nent of the present invention
to provide a nethod for neasuring near surface densities (NSD1)2 of
impurities, such as inplanted ions, in senm conductors. Anothe 955]?89960f
at | east one enbodi nent of the present invention has been to inprove the
reproducibility of said nmethod relative to the current art. Still another
obj ect of at |east one enbodi nent of the present invention has been to

i nprove the sensitivity of said nmethod relative to the current art. A

further object of at |lea n inment of the present invention has been
to provide a nmethod forgL%@EﬁRﬁﬁ@£§&ﬁ§Hﬂ¥§Hﬁk&N due to an oxidation
furnace. These objects. have been achieved by formng a thermal oxide |ayer
on the sem conductor surface thereby mnimzing the charge | eakage in the
sem conductor space charge region; adjusting the inplant profile such that
t he peak of Itthas peehidreobject pbsi teantexheaemblodingdnti afdhegpriedent inventicac to
thereby reducing the sensitivity of a doping neasurenent to the depletion

w dt h. pfinide avhesthad $orr fneasunhiyphesokudgee (8RMies N8BV rof rimiptirities, mdh ag i s
insensitive to the width of the depletion |ayer. For a given oxide

t hi cknggplantdd PnBohdemicsi®idctsrsa single ion inplant energy. Additionally,
variations 3 29 SEP 2006 in the initial wafer surface condition have been

m nimzed by controlling of the charging dose and sequence prior to
measuring the NSD using the SPV technique.

Another object of at least one embodiment of the present invention has been to

improve the reproducibility of said method relative o the current art.

Still another object of at least one embodiment of the present invention has been

to improve the sensitivity of said method relative to the current art.

A further object of at least one embodiment of the present invention has been fo

provide a method for measuring contamination due to an oxidation furnace.

These objects have been achieved by forming a thermal oxide layer on the
semiconductor surface thereby minimizing the charge leakage in the semiconductor
space charge region; adjusting the implant profile such that the peak of the profile is
positioned at the silicon-oxide interface, thereby reducing the sensitivity of a doping
measurement to the depletion width. Thus, when a surface photovoltage (SPV)
measurement is made it is insensitive to the width of the depletion layer. For a given

oxide thickness, this holds true for a single ion implant energy. Additionally, variations




BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 shows how different values for the
surface barrier voltage are obtained from successive readings. FIG éﬁ()a)
shows how the inplanted i on concentration can be very sensiti ve’ B 2

wi dth of the depletion layer. FIG 2(b) shows how this sensitivity can be
greatly reduced. FIG 3 conpares errors in NSD values for the two cases
showmn in FIG. 2 FIG 4 plots NSD as a function of the surface barrier
voltage for ions inplanted wth different energies, show ng that the curve

is flat for, on ne of these_inplant energies. FIG 5 sho how t he
pr esend® i '”&'ﬁ?‘ \Y"é rt%%cegﬁnéntlee Ve RegH fﬁﬁ‘%?@ﬁﬁ%ﬁ%“i"ﬁ&iﬁ'ﬂ‘? GRr9at t he
full surface barrier voltage has been reached. 4 29 SEP 2006 FIG 6 shows
how di HP&e @hd &equanempriontpimeasusingitbe ISR Heingdhe SFYleshBIAUSUr f ace can | ead
to wong results if too large a charge is injected. FIG 7 show that
consi stent values of NSD will be obtained if the teachings of the present
invention are used to neasure them FIG 8 is a nornmalized plot of NSD as a
function of inplanBRIEEEOFESCRIRHON OFJEHE@RAWINGS. 79 to 7.21 x 1011 atons
per sqg.cm , illustrating the high sensitivity of the

FIG. 1 shows how different values for the surface barrier voltage are obtained

from successive readings.

FIG. 2(a) shows how the implanted ion concentration can be very sensitive to the

width of the depletion layer.

FI1G. 2(b) shows how this sensitivity can be greatly reduced.

FIG. 3 compares errors in NSD values for the two cases shown in FIGs. 2

FIG. 4 plots NSD as a function of the surface barrier voltage for ions implanted
with different energies, showing that the curve is flat for only one of these implant

energies.

FIG. 5 shows how the presence of an ion trap can give misleading premature

indications that the full surface barrier voltage has been reached.




met hod of the present invention. DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS
The present invention adapts el ectrical -based netrol ogy of Near Surface
Doping (NSD) using Surface Photovoltage (SPV) to neet the reqa?ﬁgﬁ@ﬁpé of
the sem conductor industry in terns of sensitivity and reproducibility of

i npl ant dose and energy neasurenents. The nethod in the present invention
consists of the followi ng principal steps: 1: Formng a dielectric |ayer
(preferably a layer of thermally grown oxide) on the sem conductor surface
fol |l oned by e deternjnati.gn of the NSD using SPV. The |atter 5 29 SEP
2006 makes Fﬁé %N?en}‘ﬂ‘ﬁrfi'g%ﬁ‘ﬁnp%r"i‘ de @W‘eﬁtg@n‘)ft thensgraisPneesian FV'%?PQ
created by charging the sem conductor surface with charge density, Q

( C. cm Zan leabto- wrond; rerdlts i tasclevasea chemedsdaipeledepl etion layer is shown in
Equation 1. Q= -QS=gNAW EqQn. (1) Were Wis the depletion width, Q is the
i nduced charge density and NA is the acceptor density. Wen a known anount
of charge, of density Q is injected into a sem conductor surface, a
portion of HI®. 7 sHowdbatoduasitentaluss of gD avill bt obtdised i the twadhivigs rof thEace
charge region, while the rest will be inaged into the interface traps

bet weerprédunt iméptioRbrre used to measure them.

FIG. 8 is a normalized plot of NSD as a function of implant dosage in the range
of from 6.79 to 7.21 x 10" atoms per sq.cm. , illustrating the high sensitivity of the

method of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention adapts electrical-based metrology of Near Surface Doping
(NSD) using Surface Photovoltage (SPV) to meet the requirements of the
semiconductor industry in terms of sensitivity and reproducibility of implant dose and

energy measurements.
The method in the present invention consists of the following principal steps:

1: Forming a dielectric layer (preferably a layer of thermally grown oxide) on the

semiconductor surface followed by the determination of the NSD using SPV. The latter




native oxide and the sem conductor surface. As native oxide is known to be
very | eaky, the decay of resulting surface barrier (VSB) is expected to
behave as shown in FIG 1. In order to confine the induced chagggEaéﬁgéty,
s, within the sem conductor depletion |ayer, a |ayer of a good quality
dielectric (preferably thermal oxide) is formed on the sem conductor
surface prior to inplantation. Alternatively, this dielectric |ayer can be
grown after inplantation as part of the activation process. Nornally, rapid

t hermal annealin % i s . used as the activation ocess, aft

i pl antak e@rﬂ“ﬁ—%’%@ dio eqaw'wmﬂep@handwnﬁmn& CBP@F'&%PF‘%E’&QCF Ey&ﬁam%the

I npl antati on, RTA can be replaced by rapid thernal oxidation. Having the
surfac@enﬁcambmmmudenemdihmham)@@msitm ENG.oemal oxide helps to mininze
the density of surface traps and charge | eakage. 6 29 SEP 2006 2:
Tailoring the inplant profile so that inplanted peak concentration is at or
close to the dielectric-sem conductor interface. The_ effective depth of

NSD nedderrelatinnship diefiveen Soandheaid slepledipndavesis sy b Egvatioaykr . Eqn. (2)

shows the relationship between the depletion wdth, W the surface
barrier, VsB =aQd=tdNxWopi ng, NA- W= | (2 .Ewwss- KT/ q) 1 Y2 Eqn. (2)
Where so is the permtivity of free space, s is the Si dielectric constant,
Qis the eMNéneret\Atip thbatepisticandidiil Qsistthe indveededhaegee dgpsity and N, is the

acceptor density.

When a known amount of charge, of density Q, is injected into a semiconductor
surface, a portion of the induced charge may be imaged into the semiconductor space
charge region, while the rest will be imaged into the interface traps between the layer of
native oxide and the semiconductor surface. As native oxide is known to be very leaky,

the decay of resulting surface barrier (Vss) is expected to behave as shown in FIG. 1.

In order to confine the induced charge density, Q., within the semiconductor
depletion layer, a layer of a good quality dielectric (preferably thermal oxide) is formed
on the semiconductor surface prior to implantation. Alternatively, this dielectric layer
can be grown after implantation as part of the activation process. Normally, rapid
thermal annealing (RTA) is used as the activation process after implantation. However,
in order to grow this dielectric layer after implantation, RTA can be replaced by rapid
thermal oxidation. Having the surface of the semiconductor capped with thermal oxide

helps to minimize the density of surface traps and charge leakage.




Depletion wdth, W is dependent on the junction voltage, thus a change in
bias w Il bring about readjustnent of Wto a new appropriate vglu§. Ege
vari ous exanples shown in FIG 2 are plots of resistivity as 47 PERAPBN of
di stance fromthe oxide- sem conductor interface. As shown there, when the
bi as changes between Q + A Qand Q- AQ the depletion wdth varies by W
AW The dopi ng concentration in the depletion region, which corresponds to
the area under the curve there, will also therefore vary. Under conditions
of non- unlforn1do i n nmeasur enent s done where the inplant profile slopes
si gni fi%dRd! W%th@ im twrgﬂgcs@pihabqr@l@@eﬂr&eakrﬂonsarﬂiatl%ws@ftov&kossattmﬁs in W
(FIG 2a exanples) as conpared with measurenents done at the peak of the

i npl antdielpetieisemicansicior @tedacdxanpl es). 7 29 SEP 2006 |f the depletion

wi dt h remai ns unchanged for every measurenment, as shown in FIGs. 3a and 3b,
changes in dose can still be accurately resol ved. However, a surface
concentration that changes as the depletion wi dth changes (going from3a to
3c) will rdsel efieativardeptier 6oNSDeamisarahenttberalateyi g that semicohdudter
inplant profile slope. However, if the concentration within the original

and exprpia@dndapiret ikdh. (2PsRGEs tite rélgiu%éh\tebwéew thég:mm&.cfnrwmﬁw the3d)

the possibility for error is greatly reduced. Thus, necessary to

adj ust Shhgcélgglﬁé?:tvg Qhd s 3&,5&% .its peak cones cl oser to t he

= (2,8 19.Na).(Vss - KT/q)]% Eqn. (2)

Where ¢, is the permitivity of free space, ¢is the Si dielectric constant, Q is the

elementary charge, and KT is the thermal energy.

Depletion width, W, is dependent on the junction voltage, thus a change in bias
will bring about readjustment of W to a new appropriate value. The various examples
shown in FIG. 2 are plots of resistivity as a function of distance from the oxide-
semiconductor interface. As shown there, when the bias changes between Q + A Q and
Q - AQ, the depletion width varies by W £ AW. The doping concentration in the

depletion region, which corresponds fo the area under the curve there, will also

therefore vary.

Under conditions of non-uniform doping, measurements done where the implant
profile slopes significantly are highly susceptible to the introduction of variations in W
(FIG. 2a examples) as compared with measurements done at the peak of the implant

profile (see FIG. 2b examples).



sem conductor-dielectric interface. There is nore than one way to tail or
the inplant profile. By varying the thermal oxide thickness and freezing
the inplant energy or by varying the inplant energy based on a9 PERJO0

t hermal oxide thickness. To confirmthe effectiveness of the invention, the
second way was selected. A layer of thermal oxide having a thickness of
10nm was fornmed on the sem conductor wafers. These oxidized wafers are

i nplanted with boron at different inplant energies ranging from 16keV to
20 keV so as to determine the optinuminplant energy. The NSD of the
wafers were then neasured for different surface barrier voltages (VsB)
usi ng SPV techni ques_on our equi pment (SDI FAaST230). As seen in FIG 4,
dopi ng at aff heplepketiahwidlly remains wrohapged ifarcavanieneasuremsnt, @sr shown ipl yi ng
that, at this inplant energy, the concentration is | east dependent on VSB.
8 29 SKEMG208®% ang:3bDehangaminrdpsehearsstill e achnateleresolved, Hryeaver.enmewfageange
such that surface concentration is independent of VsB for a given inplant
dose: [eonostrationxibat chamjes as diselldeptivaiwidth citargjesp(gding froms3pds Sichinmdll t o
determne a range of surface barrier voltage over which the NSD renuains

rel ati vedult GoNatgenerbfy betdBde oFh@RIQENINY Haturs U @6 ikplant girofilel tlege. | n

this invention, NSD remains alnost constant for VsB ranging fromO0.29 V to

0.36 Vigwe kel thddshceRttalicH withP théR@Bina® and expanded depletion regions is
relatively flat (going from 3b to 3d) the possibility for error is greatly reduced. Thus, it is

necessary to adjust the implant profile so that its peak comes closer to the

semiconductor-dielectric interface.

There is more than one way to tailor the implant profile. By varying the thermal
oxide thickness and freezing the implant energy or by varying the implant energy based
on a fixed thermal oxide thickness. To confirm the effectiveness of the invention, the

second way was selected.

A layer of thermél oxide having a thickness of 10nm was formed on the
semiconductor wafers. These oxidized wafers are implanted with boron at different
implant energies ranging from 16keV to 20 keV so as to determine the optimum implant
energy. The NSD of the wafers were then measured for different surface barrier
voltages (Vss) using SPV techniques on our equipment (SDI FAaST230). As seen in
FIG. 4, doping at an implant energy of 18 keV provided the flattest curve, implying that,

at this implant energy, the concentration is least dependent on Vsa.




different for different inplant energies, as shown in FIG 4. 4: Selecting
VsB for starting neasurenent and determ ne the total anount of ggarqf
density needed to bias surface into the space-charge region. Ad 08Pt i al
surface condition of a Si/Si02 is arbitrary, VsB on the oxidized

sem conductor surface has to be adjusted so as to ensure that it is biased
into depletion at the start of the optimumrange. This adjustnent is done
by introduction of charges to bias the sem conductor surface. In order to

determ_ne_the tqtal anmount of charge, density needed to bias the surface
"t o S PacRoWENGRS i SLBRER: bATBhoVer BEAMTR g 2P RYTalTap NGRS o

di fference neasurenments were performed. FIG 5 shows the results of the
neasur ERBRERIrataNds infependeat efr\ep foneepimapaat deski absent. Wien there is no
interface trap, as shown in FIG 5(a), total anmpunt of charge needed to

bi as t he selrewnitiecexperimgrtalceesul abtaiaedVioBstep 29.it idopessible tordetermipeasence
9 29 SEP 2006 of interface trap 51, as shown in FIG 5(b), a plateau

occur s rahgd/SB=rf28e [Betiec voltage beer abidhettie NSB remainp aeltatinglyi donstardrfbace
traps are to be avoided. In the case of FIG 5(b), when VsB=0.20 the total

anount sphallCHigdrips! iBdher Sisdce KartieP vbltaden 1IY s Onvdntiohe NSTH aémaim@Dalitiospf
charge required is Q2 which can then be selected. 5: Conpensating for

vari at icoRstant fo9s: rainging ol @LoSVtd 058 LRI SKAN TnisCesHdtatt VATah§s is

different for different implant energies, as shown in FIG. 4.

4: Selecting Vss for starting measurement and determine the toftal amount of charge

density needed to bias surface into the space-charge region.

As the initial surface condition of a Si/SiO. is arbitrary, Vse on the oxidized
semiconductor surface has to be adjusted so as to ensure that it is biased into depletion
at the start of the optimum range. This adjustment is done by introduction of charges to

bias the semiconductor surface.

In order to determine the total amount of charge density needed to bias the
surface into space-charge measurement, repetitive charging and contact potential
difference measurements were performed. FIG. 5 shows the resuits of the

measurements with interface traps both present and absent.

When there is no interface trap, as shown in FIG. 5(a), total amount of charge

needed to bias the semiconductor surface is Q. at Vs=0.29. However, in the presence




chargi ng dose and sequence. After the total anount of charge density needed
to bias surface into space- charge neasurenent for a predefined VSB has
been determ ned, the next step is to define the charge densitﬁgﬁgﬁy%g@h
successi ve pul se of charging. This is done by dividing the total charge
density by half the all owed chargi ng sequence provided by the equipnent.
As illustrated in FIG 6, a single pulse of |arge charge (e.g. 1.3El2
C/cn2) can bring about large variations in the surface barrier for the
startin due to the initial surface variation So, .instead of
2ppl y1 (1 1BeGRHR (@D A SAEUNSIC: B 2aaU Soaueert ol e Seidrtd The
depletion, the charging dose is reduced to (e.g. 2.2E11 C/ cnR) Each snal
pul se iGOresk Vs ifc eRGtars | if inigrfacecHapmere to he M Inébe\sbsae(Cé HG.6hv) is
reached. Using this technique, the nunber of pulse required to bias VSB to
0. 20V ommen Me:=0a20 8 todalearsourt afhcitarge eequiresiais Qe et twhstnaYi=50 36 thedotl t he
sane surface barrier setting for all wafers, despite wde initial surface
var i at iamsunttf chatg reiquigeSRQs witish cahthelebekssletted. he near surface dopi ng
concentration. 10 29 SEP 2006 The SPV neasurenent to determ ne the NSD
val.ue is perforned. For the present invention this measurenment was
performed using netrology tool, SDI FAaST230. As the noise of a SPV signal

can al s CoAbENSALIR fof VaR8tiGRPIPHEIntidl Water surface condition by controlling the
charging dose and sequence.

After the total amount of charge density needed to bias surface into space-
charge measurement for a predefined Vss has been determined, the next step is to
define the charge density for each successive pulse of charging. This is done by
dividing the total charge density by half the allowed charging sequence provided by the

equipment.

As illustrated in FIG. 6, a single pulse of large charge (e.g. 1.3E12 C/cm?) can
bring about large variations in the surface barrier for the starting measurement due to
the initial surface variations. So, instead of applying a single charging pulse to bias the
surface barrier into depletion, the charging dose is reduced to (e.g. 2.2E11 C/cm?).
Each small pulse is then successively applied until the predefined Ve (e.g. 0.20V) is
reached. Using this technique, the number of pulse required to bias Vss to 0.20V can
be varied to ensure that every measurement starts at almost the same surface barrier

setling for all wafers, despite wide initial surface variations.
6: Obtaining SPV signals to determine the near surface doping concentration.

10



probl em for such a nmeasurenment, the filter of the doping diode in the
measuring tool was replaced to enhance the signal-to-noise perfornmance.
Such filter replacenment may not be necessary for other SPV medd dEE R8P
t ool s. CONFI RMATORY RESULTS | npl enenting the nethodol ogy of the present
i nvention, as detailed in the above steps, has resulted in a trenendous
| mprovenent for electrical-based neasurenent of 1on inplant dose in terns
of reproducibility and sensitivity, as shown belowin FIG. 7 and 8
respectively. ADVANTAGES OF THE | NVENTI ON: Hi ghly reproduci bl e neasurenents
of dopant concentration, especially for low dose inplants. Hi ghly
sensitive neasurenents of dopant concentration, especially for |ow dose
i mpl ant; LowheoSPVamgasusmeit iongpienineatheNSD wvalus isperipooed. deer 8 ve as
a powerful resource for process inprovenent, nonitoring, and control of
t he i npresantpinvestien Bisn measureardny wasnpedorhegousing i adetrplogyl dodd, i $DI
I ncorporated in SPC control. Helps to reduce downtine and facilitates
t roubl FHEBIAA0Y. As the noise of a SPV signal can also contribute to the reproducibility
problem for such a measurement, the filier of the doping diode in the measuring tool
was replaced to enhance the signal-to-noise performance. Such filter replacement may

not be necessary for other SPV measurement tools.
CONFIRMATORY RESULTS

Implementing the methodology of the present invention, as detailed in the above
steps, has resulted in a tremendous improvement for electrical-based measurement of
ion implant dose in terms of reproducibility and sensitivity, as shown below in FiGs. 7

and 8 respectively.

ADVANTAGES OF THE INVENTION:

Highly reproducible measurements of dopant concentration, especially for low
dose implants.

Highly sensitive measurements of dopant concentration, especially for low dose
implant;

Low cost and ease of implementation.

11




Enabl es tighter sub-threshold Voltage (SWt) control to enhance yi el d
Applicable for cross-contam nation check in any oxidation furnace.

claimed is: 12 29 SEP 2006 1. A nethod to inprove reproduci bi {2?§§P@|006
surface photovol tage neasurenents of a sem conductor, conprising: formng
a dielectric layer on said sem conductor surface, thereby creating a
dielectric-sem conductor interface; 5 inplanting ions, having an energy
range, such that said inplanted i ons have their maxi num concentration

| evel at said dielectric-sem _conductor _interface; and then performng, said
surface pho%&‘oﬁ%’"é(@easrr@agﬂ‘f’%ﬁ'é'niessou’zce h{eprﬁe@%ana@yemeaédmﬁlt%ﬂ'ry RN
wherein said dielectric layer is selected from 10 the group consisting of
si | i cosoplpldd theimplaphpisicess.de, and al umi num oxi de. 3. The net hod descri bed
in claiml wherein said sem conductor is silicon and said dielectric |ayer
is silicon @endgivé earedabying bépotehtiabprdbliemsnf incerporatétden BBCheehtadscri bed in
claim1 wherein said dielectric layer is at |east 20 Angstrons thick. 5.
The net hod ey iolreduce dowatime landfatiiiate stogbleshdainged i ons are sel ected
from the group consisting of Boron, Phosphorous, and Arsenic.

Enables tighter sub-threshold Voltage (SVt) control to enhance yield.

Applicable for cross-contamination check in any oxidation furnace.

What is claimed is:

12




20 6. The nethod described in claim1 wherein said ion range is greater
than 1 keV. 13 29 SEP 2006 7. The nethod described in claiml wherein
said ions are inplanted at a dosage |evel of |ess than about 7 RXEE@996i ons
per sq. cm 8. A nethod to inprove reproducibility of surface photovoltage
measurenents of a 5 sem conductor, conprising: inplanting ions, having a
narrow energy range, into said sem conductor; then formng a dielectric

| ayer on said sem conductor surface, thereby creating a

di el ectric-sem conductor interface, said dielectric |ayer having a

t hi ckndss s& Bethad edmrravg feJHP@U‘F'Pr‘bWaﬁ’ft%{ﬂfﬁCSr@OﬁFa\@@ag @%W%%Of a
concentration |level at said dielectric- 1o sem conductor interface; and

t hen péﬁﬁb‘FQﬁd‘}'@t%aﬁ?@mBW“ﬂ@cce phot ovol t age neasurenents. 9. The net hod
described in claim8 wherein said dielectric layer is selected fromthe
group consi $erimigg of diglédtiorayen de, said | Semminomduatordsyrfacsed thersbyncneating de. 15
10. The nmethod described in claim8 wherein said sem conductor is silicon
and saidielectrielsenticondulcy diteifacsi | i con oxi de forned by thernal oxidation.

11. The method described in claim8 wherein said selected thickness of said

5 implanting ions, having an energy range, such that said implanted ions have their

maximum concentration level at said dielectric-semiconductor interface; and

then performing said surface photovoltage measurements.

2. The method described in claim 1 wherein said dielectric layer is selected from
10 the group consisting of silicon oxide, silicon nitride, and aluminum oxide.
3. The method described in claim 1 wherein said semiconductor is silicon and said

dielectric layer is silicon oxide formed by thermal oxidation.

15 4. The method described in claim 1 wherein said dielectric layer is at least 20
Angstroms thick.
5. The method described in claim 1 wherein said implanted ions are selected from

the group consisting of Boron, Phosphdrous, and Arsenic.
20

0. The method described in claim 1 wherein said ion range is greater than 1 keV.

13




20 dielectric layer is at |least 20 Angstrons. 12. The nethod described in
claim8 wherein said inplanted ions are selected from the grogﬁ ﬁggﬁigting
of Boron, Phosphorous, and Arsenic. 14 29 SEP 2006 13. The ne 8 00
described in claim8 wherein said ion energy is greater than 1 keV. 14. The
met hod described in claim8 wherein said ions are inplanted at a dosage

| evel of |ess than about 7 x 1011 ions per sg. cm 5 15. A nethod to bias a
sem conductor surface prior to perform ng surface photo- voltage

measur enent

conpri sing: determning an amount of charge that is needed to
b1 s sdrd"'s SheBRING, dASLrioas i ST dheieh SIS 81 IANS8 BRIt | ng
into the sem conductor a sucgession of at |least two |ight pulses whose
total [Nl ehleshdhayyabeutsux fiPciiemns PeSGC8at e sai d amount of charge in the
sem conductor. 16. The nethod described in claim 15 wherein said anount of
charge that is needed 15 to bias said sem conductor surface into full
depletion is between 1011 and 1014 coul onbs/cnR2. 17. The met hod descri bed
i n cl ag.m 19A whethed no daprbvel @iproduditsikts ofrstirfaee phatmaitage measurements of a
5 semiconductor, comprising:
implanting ions, having a narrow energy range, into said semiconductor,
then forming a dielectric layer on said semiconductor surface, thereby creating a
dielectric-semiconductor interface, said dielectric layer having a thickness selected so
that said implanted ions have their maximum concentration level at said dielectric-
10 semiconductor interface; and

then performing said surface photovoltage measurements.

9. The method described in claim 8 wherein said dielectric layer is selected from the
group consisting of silicon oxide, silicon nitride, and aluminum oxide.

15
10. The method described in claim 8 wherein said semiconductor is silicon and said

dielectric layer is silicon oxide formed by thermal oxidation.

11. The method described in claim 8 wherein said selected thickness of said

20 dielectric layer is at least 20 Angstroms.

12. The method described in claim 8 wherein said implanted ions are selected from

the group consisting of Boron, Phosphorous, and Arsenic.

14




fromone another by no nore than about 200 m croseconds. 20 18. The nethod
described in claim15 wherein said |ight pul ses each has a puls

bet ween 100 ni croseconds and 0.5 nilliseconds. 15 29 SEP 2006 2 §§E @Oﬁéthod
for neasuring an inplanted ion dose in a sem conductor having a surface,
conprising: formng a dielectric |layer on said sem conductor surface,
thereby creating a dielectric-sem conductor interface; s inplanting ions,
having an energy range into sai d seniconductor such that said inplanted

i ons eir centratl on | evel
di el ec |c-ﬂlﬁﬁ"8 ?9&" 2 ﬂﬂ@'ﬁf@@é’” Jetnetaid fﬂ%%”%{ﬁyhﬁﬁﬁﬁ@ré'fa’bﬁé%’e t hat
is needed to bias said sem conductor surface into full depletion; 10 then
injecting into the sem conductor a succession of at |east two | ight pul ses
whose total photon energy is sufficient to create said anmount of charge,
t her eb{4.bi aBienmetbed desarilfest iy clapp| 8/ whgreain Isaighionsuarseinyflantad ai 2desage
content to said surface and then neasuring a resulting photovoltage using
a non-levaltafdessihanrlabout Dotet0' Arions per sq. cm.
5
156. A method to bias a semiconductor surface prior to performing surface photo-
voltage measurements, comprising:
determining an amount of charge that is needed to bias said semiconductor
surface into full depletion; and
10 then injecting into the semiconductor a succession of at least two light pulses

whose total photon energy is sufficient to create said amount of charge in the

semiconductor,

16. The method described in claim 15 wherein said amount of charge that is needed
15 to bias said semiconductor surface into full depletion is between 10" and 10™

coulombs/cm?.

17.  The method described in claim 15 wherein said light pulses are separated in time
from one another by no more than about 200 microseconds.

20
18. The method described in claim 15 wherein said light pulses each has a pulse

width between 100 microseconds and 0.5 milliseconds.

15




1s from sai d neasured photovol tage conputing said inplanted ion dose. 20.
The met hod described in claim19 wherein said dielectric layer is_sel ected
from the group consisting of silicon oxide, silicon nitride, ARSERIZRE num
oxi de. 20 21. The nethod described in claim19 wherein said sem conduct or
is silicon and said dielectric layer is silicon oxide forned by thernal
oxidation. 16 29 SEP 2006 22. The nethod described in claim19 wherein
said dielectric layer is at least 20 Angstrons thick. 23. The nethod
described ip clai 9 wherein said inplanted ions are selected fram 5 the
gr oup %%nsi'gtmﬁ Og}f%BdF‘%%?,’UfIﬂgo%H ed 4pg dasecihi @  SeMICORYCIGRhRGRD a
described in claim19 wherein said ion energy is greater than 1 keV. 25.
The ne$HERFCIERMPIIBIEE: in claim 19 wherein said ions are inplanted at a
dosage io0 level of less than about 7 x 1011 ions per sq. cm 26. The

met hod descioitbind andielesinin 18yenhen aaid semicendueidr sdrfadeartherebyacreatingieeded
to bias said sem conductor surface into full depletion is between 1011 and
1014 dieldctridesdmieBndidointerfdee; met hod described in claim 19 wherein said

|l i ght pul ses are separated in tinme fromone another by no nore than about

2G0 m cr oseffpMifting ions, having an energy range, into said semiconductor such that said
implanted ions have their maximum concentration level at said dielectric-semiconductor
interface;
determining an amount of charge that is needed to bias said semiconductor
surface into full depletion;

10 then injecting into the semiconductor a succession of at least two light pulses
whose total photon energy is sufficient to create said amount of charge, thereby biasing
said surface;

applying a light pulse of known energy content to said surface and then

measuring a resuiting photovoltage using a non-contacting electrode; and

15 from said measured photovoltage computing said implanted ion dose.

20. The method described in claim 19 wherein said dielectric layer is selected from

the group consisting of silicon oxide, silicon nitride, and aluminum oxide.

20 21. The method described in claim 19 wherein said semiconductor is silicon and said

dielectric layer is silicon oxide formed by thermal oxidation.

16




28. The nethod described in claim19 wherein said |light pul ses each has a
pul se 20 width between 100 m croseconds and 0.5 ml|iseconds. 3% A nmet hod
for neasuring an inplanted i on dose in a seni conductor having 39 SER 20 e,
conprising: 17 29 SEP 2006 inplanting ions, having a narrow energy range,
into said sem conductor; then formng a dielectric |ayer on said

sem conduct or surface, thereby creating a dielectric-sem conductor
interface, said dielectric |ayer having a thickness selected so that said

i npl anted i gns have their mnmaxjinmum concentration | evel at said dielectric- s
seni cormguct ANei UL RS CriBEal AT S Na Y FoKb BRI INR AR 3 JoaReAfbd 1 0
bi as said sem conductor surface into full depletion; then injecting into

t he sefingshemstibicka succession of at l|east two |ight pul ses whose tota
photon energy is sufficient to create said anount of charge, thereby
biasing 10 said surface; applying a light pulse of known energy content to
said surface and then neasuring a resulting photovoltage using a

non- cori3act iTing rattotrdedetibedth flaiom 9 avtbramaid meblantetomed di@gselecieg flong
said inplanted ion dose. 15 30. The nethod described in claim29 wherein

saj d ditgé gfdup Sorshifl of Boseh, FRABPhBFRIE, and Arsenic.
24. The method described in claim 19 wherein said ion energy is greater than 1 keV.

25. The method described in claim 19 wherein said ions are implanted at a dosage

10 level of less than about 7 x 10" ions per sq. cm.

~ 26. The method described in claim 19 wherein said amount of charge that is needed
to bias said semiconductor surface into full depletion is between 10" and 10™
coulombs/cm?.
15
27. The method described in claim 19 wherein said light pulses are separated in time

from one another by no more than about 200 microseconds.

28. The method described in claim 19 wherein said light pulses each has a pulse

20 width between 100 microseconds and 0.5 milliseconds.

29. A method for measuring an implanted ion dose in a semiconductor having a

surface, comprising:

17



the group consisting of silicon oxide, silicon nitride, and al um num oxi de.
31. The nethod described in claim?29 wherein said sem conductor is_silicon
and said dielectric layer is silicon oxide forned by thernal % PHREZPEA. 20
32. The nethod described in claim?29 wherein said selected thickness of
said dielectric layer is greater than 20 Angstrons. 18 29 SEP 2006 33.
The met hod described in claim?29 wherein said inplanted ions are sel ected
from the group consisting of Boron, Phosphorous, and Arsenic. 34. The
met hod described in claim?29 wherein said ion energy is greater than 1 keV.
5 35. The nHPRBALREIOES] BRGNG A NAMWENTgYARNGS. inte Al $BRIEORIUSIORp| anted at a
dosage |level of less than about 7 x 1011 ions per sqg. cm 36. The nethod
descri bed i thetl fgrmingoa visdeciiio layer onmaishsemisonduciogsunfacs, therehy steading 20 t o
bi as said sem conductor surface into full depletion is between 1011 and
1014 diskdribsémidnd8ctor Thterfaet heald dislectribdayarrhavirg en tBiekmey sélactedisd | i ght
pul ses are separated in time fromone another by no nore than about 200
m cr oséigginglsid itdplanted ions have their maximum concentration level at said dielectric-
5 semiconductor interface;
determining an amount of charge that is needed to bias said semiconductor
surface into full depletion;
then injecting into the semiconductor a succession of at least two light pulses
whose total photon energy is sufficient to create said amount of charge, thereby biasing
10 said surface;
applying a light pulse of known energy content to said surface and then
- measuring a resulting photovoltage using a non-contacting electrode; and

from said measured photovoltage computing said implanted ion dose.

15 30. The method described in claim 29 wherein said dielectric layer is selected from

the group consisting of silicon oxide, silicon nitride, and aluminum oxide.

31.  The method described in claim 29 wherein said semiconductor is silicon and said
dielectric layer is silicon oxide formed by thermal oxidation.

20
32. The method described in claim 29 wherein said selected thickness of said

dielectric layer is greater than 20 Angstroms.

18




38. The nethod described in claim?29 wherein said |light pul ses each has a
pul se w dth between 100 m croseconds and 0.5 m || i seconds. 2023%EP 2006

33. The method described in claim 29 wherein said implanted ions are selected from

the group consisting of Boron, Phosphorous, and Arsenic.
34. The method described in claim 29 wherein said ion energy is greater than 1 keV.

35. The method described in claim 29 wherein said ions are implanted at a dosage

level of less than about 7 x 10" ions per sq. cm.

36. The method described in claim 29 wherein said amount of charge that is needed
10 to bias said semiconductor surface into full depletion is between 10" and 10"

coulombsfcm?.

37. The method described in claim 29 wherein said light pulses are separated in time
from one another by no more than about 200 microseconds.

15
38. The method described in claim 29 wherein said light pulses each has a pulse

width between 100 microseconds and 0.5 milliseconds.

20
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