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CI»WACTLESS SHEET RESISTANCE MEASUREMENT METHOD AND APPARATUS BACKGROUND OF
THE | NVENTI ON 1. Field of the Invention 5 : The present invention
_ugenerally relates to the field of sem conductor wafer testing, and nore
‘particularly, to a non-contact nethod and apparatus for testing such

- wafers. 2. Di scussion of the Related Art There are a variety of inportant
measurenents that 10 must be nmade on a sem conductor wafer to determ ne
whether it is suitable for further device processing and to rmake process
adj ust mrents. Exanpl es of such neasurenents include dopi ng concentration
nmeasurenments, charge tinme retention nmeasurenents, and general |eakage
nmeasurenents. However, 15 present neasurenent techni ques have
repeatability problens, and those technlques that utilize
nmet al - oxi de-sem conduct or ( M) i el FINGleasur enent s destr oy
the wafer under test. Adval¥EAS REHENEbMEQHQﬂuﬂNQ ABBARATUISgy place new
20 requi renents upon electrical characteristic neasurenent equipment
and associ at ed neasur enent capabllltles for instance, a requirenent to

nmoni tor epi and ion inplant q@ﬁﬁ%%ﬁ&hi C hi gh Rs range, on
t he order of greater than 50% églfh%hfvgky*gﬂgmn measur enent 25
appar at us and techni ques include probing technol ogy through the use of
mechani cal plobesFisldhofistheelfhvientiwmd poi nt probe techni ques.’ Pr obi ng
technology has |i g4 at]j o] e %9 For C
“in thegneasurlng g?ﬁgh%gggﬁggls a%%g#§ é¥&$4£ %égégsﬁalfgﬁ | %ﬁégt
| ayer on a semfc@ﬂﬂh@@n¢UQH©Erwaﬁmy1ﬁﬁﬂt¥n91ua¢momereephnmqsslaslwlghky
prone to errof ol bt ethod and apparatus for te¥tidy ?sgxg.glewa‘f%%s()f

mechani cal probeslgreatly i ncreases the probablllty for a p to poke
through an i npi antBiscussion of the Related Art

There are a variety of important measurements that
10 = must be made on a semiconductor wafei to determine whether
it is suitable for further device processing and to make
process adjﬁstments. Examples of such measurements include
doping concentration measurements, charge time retention
measuréments, and general leakage measurements. However,
15  present measurement techniques have repeatability problems,
and those techniques that utilize metal-oxide-semiconductor
(MOS) structures to make the measurements destroy the wafer

under test. '
Advances in semiconductor technology place new
20 requirements upon electrical characteristic measurement
equipment and associated measurement capabilities, for
. instance, a requirement to monitor epi and ion implant
sheet resistance, Rg, in a high R, range, on the order of
greater than 500 ohms/square. Current known measurement
25 apparatus and techhiques include probing technology through
the use of mechanical proebes, such as, well known 4 point
probe techniques. Probing technology has limitations,
however, due to probing «rrors. '
For instance, in the measuring of sheet resistance of
30 a low dose, shallow implant layer on.a semiconductor wafer,
- the four-point probe technique is highly prone to errors.
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tayer. Probes are generally not able to make an adequate ohmi c contact to a

;hlghly resistive, |ow dose, inplant 5 | ayer. Furthernore, probe
~.pressures necessary for maki ng ohm c contact with an inplant |ayer can
create P-N junction | eakage between the inplant layer and an
under | yi ng opposite conductivity test wafer. For these and ot her
reasons, the nechanical probing techniques are inadequate 10 for the
requi rements of advanced sem conductor nonitoring needs. It would thus be
desirable to provide an alternative. nmethod and apparatus for obtaining
"4-point probe-like" measurenents. Such an apparatus and net hod, shoul d
be 15 well suited for providing desired "4-point probe-like"
measurenents HRF fiRSERRCRavEAE Af Jeechanbralr arones9redtlndinssensey of

measur ement s ssaéN\Eksbésiméyarmd éerﬂf&%iuﬁborpdﬁé“ Eﬁkbﬂ@h”%ﬂ%mﬁ@ant
SUMVARY OF- TH NTI ON An 0bj ect present invention is to provide a

non- cont act & r esTARER 2 agﬁPﬁﬁﬁllIiYaBﬁé:r AUE T HER 3. aﬁﬁﬁt‘ﬁé?

obj ect of the opmﬂxen&:ohﬂaeﬂt itan &s Highlpviresidtive, Boﬁowt af,xhpsshﬁet

resi st ance nea§urenent aratus. and &g t hod, haV|n an_abi asure
t

sheet Pesi st anfed %6t a IO %y P T ORP BT SFiSE €52 %ﬁfcilaryt %r ﬂggﬂlgd
| ayer conpr|SDM@la bowmdcgewanu shalimplantplayer| gaer créster B-Ngjunctiobhe

| nvention, LeaRAAct b8t reed]'04he30 imple: Aesi ﬁ‘%er O@S%ﬁﬁ%ﬁd&?wi%”s

for maasurlngt hort resi stance of sire I rst

conductivity PopPesdtepstendudmideityi fgsspporier. condiRx | theges @nsktothes

conprises theeasholk!, OWnd0 mechanicdhl i PP6biAG teaPaqiduie £ aﬂka&éﬁ@&e
means establishes an anount of unction~35 capaci tance of “the

junct 88n bet wéer the &'@ﬁ“r‘éif“}% n@dE#gces. gpRiconductor monitorjng

the underlyingegdBstrate and further provides a signal

It would thus be desirable to provide an alternative.
method and apparatus for obtaining "4-point probe-like"
measurements. Such an apparatus, and method, should be
15 well suited for prbviding desired "4-point probe-like"
| measurements and further having an acceptable repeatability
~and éécuracy of measurements suitable for advanced

semicondﬁctor monitoring needs.

20 : | SUMMARY OF-THE INVENTION
' An object of the preseht invention is to provide a
non~contact sheet resistance measurement apparatus and
method.

Another object of the presenﬁ invention is to proviu

[V

25 a non-contact sheet resistance measurement apparatus, and
a

method, having an ability to measure sheet resistance of

n

desired layer with high accuracy, the desired lave
.comprising a low dose and shallow implant layer.

<!

According to the ‘invention, a contactless shee

cr

30 resistance measurement apparatus for measuring the she.:
resistance of a desired layer of a first conduct;v::y

O

formed upon an underlying opposite conductLV1ty subst:.::

comprises the following.- A junction <capacitan e
. establishing means establishes an amount of junci. n
35 éapacitance of the junction between the desired layer .::.{

FI19-93-016 | -2



i‘'ndi cative of the junction capacitance. A point location alternating
current (AC) photovol tage generating neans generates a point |ocation
alternating current (AC) 5 phot ovol t age between the desired | ayer and
t'he underlying substrate, the photovoltage having a sinusoidal magnitude
and frequency and further being propagated radially outward from a point

|l ocation along the desired | ayer-by a resistive nature of the desired Iayer
at an attenuation and 10 ‘phase shift. The point |ocation AC

phot ovol t age generating neans further provides a signal indicative of the
AC si nusoi dal frequency. An attenuation and phase nonitoring neans nonitors
the attenuation and phase shift of the propagated AC photovoltage as a
function of rathel widardydag s5substrageot endr duntepobroviidest i an.signal

attenuation anﬂn@haéelsél bE wRai tﬁfzﬂdﬁd’f?aﬁpw{ﬁé}%epr OXi @83 nft! rl%tcaadlfbn
second out put s 1g{nal s |ndicative of a first and a second nbnitored

magni t ude and SENSk1Rg  GUIERRL o Mol rﬁh%°vcﬂ]s’ia£ﬁ;e§eqee?p'€&9 V&SNS
Lastly, a sheejemesatséance spgmﬁlt ge.raﬂ:raa-hjdig 28] ternat®ngs bﬁrlresxltOHS(IA to

the | t th f |,

the 1ot and DR IETah BEFBhetng S SEo L (LG Fadr Bhe g URarst¥ g %n

out put S|gnalsunbtzateﬁ nmeaphbGQVOdaagauhaxidgsaﬁsih?sdbdaledabaﬁende
di t 'y |

Rccor ding to HHE {roditiy” 456l hFtnl 2 8el e propagdtedl raliladdy) bilara

met hod for rreafsnﬂm ng?1 t P@igHeet ocatiioman@d Aoty a tdesi des ireder lafyer f byst a

conductivity fridigd URDhARANSY b dedRRY tl%y“eQnQ'{CEthaE¥e§HQ%tiB?tt &ndl

conprlses the steps of: a) establlshlng an afnount %unc I on
i

capaciltPance oﬁhéﬁQMiﬂﬁidn b&hGeRRinkelBETLOR FSyBP°§ﬂH°i egengerpyrhdng
substrate and aRiang dfﬁﬁtﬁei'l gpebviadiscahi Veighal heigdiedt Dve C&iECIth%nCQC b)
generating a pQint n alternati current (AC) Qo ovol tag
et veen 1 he- dBarvep e LRSI undel | 97 T e on e Bd PRESe: 8954E6xang
- 3- means monitors the attenuation and phase shift of the
propagéted AC photovoltage as a function of fadial distance
15 - remote from the point location; The attenuation and phase
shift monitoring means further provides first and second
outpui‘signals indicative of a first and a second monitored
magnitude and phase at first and second radial distances,
respectively. Lastly, a sheet resistance signal generating
20 means is responsive to the junction capacitance signal, the
AC sinusoidal frequency signal, and the first and second
attenuation and phase shift signals for generating an
output signal indicative of a sheet resistance R, of the
desired layer according to a prescribed sheet resistance
25 - model. _

In addition, according to the invention, a contactless
sheet resistance measurement method for measuring the sheet
resistance' of a desired layer of a first conductivity
formed upon an underlyiﬁg opposite conductivity substrate

30 compriseé the steps of:._a) establishing an amount of
junction capacitance of a junction between the desired
layer and the underlying substfate and providing a signal
indicative of the junction capacitance; b) generating a
‘point location alternating current (AC) photovoltage

35 ’between the desired layer and the underlying substrate, the
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phot ovol t age having a sinusoi dal magnitude and frequency and further being

propagated radially outward froma point |ocation along the desired | ayer
by a resistive nature of the desired |layer at an attenuation and phase
"shift, and 5 providing a .signal - indicative of the AC sinusoidal
frequency; c) nonitoring the attenuation and phase shift of the propagated
AC phot ovoltage as a function of radial distance renpte fromthe point

| ocation, and providing first and second output signals indicative of a
first and 10 a second noni tored magni tude and phase at first and
second radi al distances, respectively; and d) providing a neans responsive

to the junction capagitance signal . the AC sinusoidal,frequency.signal, and

the first and pg‘ %83’3(% A& Y ‘l'%'rp afid sﬁ??aéeoﬁ%ﬁtﬁégﬁﬁgfégf o%ncge%?g‘f?ﬂﬁyan
%5 outgyandignathbmdbe;hgv@r@magaﬁﬁgnradiakﬁxifu£4ax?]fxﬂmtimpm%ptred
ayer accordi .a_pr. r s c BRI, _

o T DAy NeECs 18P l3hly Q‘?’%’e H§§O§r%%&;i %é@%qsxfﬁe?eﬁé%%ﬁegég quﬂ{héég\l

- present inventhgndasiresedaienoit appatdmnugicirm aed aphaged&hdfitpt i d of

the begt nodepfgfiaanbyi By Qulgddie iineitaeivas bendened el owidusdial
description tg follow, refererice wl| be nmade to the.acconpagﬁgpg draw ngs,

|
where |ike 25Irequepgyar &ice MAMEOH NG ENGsBELERUARLAR ARD iDhasR SR T
the various vbgwghangriopagaitel A6 phdtsholtagesabeabfunction of tradidl s

in section, of _a _contactless sheet rgsistance asurenent apparatus. ..
according to PHE*PPEEe®RntFOM gge point nioﬁfa&.lof"sh% PROHARS ¢
vi ew of a por fipstoandnsetbaduautgputarsigrimebe sthditcabbwet ofi ag fiieasts amd h

Fro i a thotartd ibnlfoted' HaBRISLART A EHACEN9:PANRY i Bl
i nvention; Flpadgapidistances, respectively; and d) providing a means
' responsive to the junction capacitance signal, the AC
sinusoidal frequency signal, and the first and second

attenuation and phase shift signals for generating an

15 output signal indicative of a sheet resistance R; of the
desired layer according to a prescribed sheet resistahce

model.

BRIEF DESCRIPTION OF THE DRAWINGS

20 : The foregoing and other teachings of the present
invention will become more apparent upon a detailed
deScriptioh of the best mode for carrying out the invention
as rendered below. In the description to follow, reference
will be made to the accompanying drawings, where like

25 reference numerals are used to identify like parts in the
various views and in which: |

Fig. 1 shows a schematic view, with parts in section,
of a contactless sheet resistance measurement apparatus
according to the present invention;

30 . Fig. 2 shows a schematic view of a portion of an
attenuation and phase shift monitoring means with respect
to a wafer under test, in accordance with the present
invention; ' | '

Fig. 3 is a flow diagram of the method according to

35 the present invention;
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"Fig. 4 is a detailed rom1diagran1of'a porti-on of the fIOM/diagrahiof FIG
3; Fig. 5is a detailed flow di agram of another portion of the flow di agram

of FIG 3; and 5 Fig. 6 shows a schematic view, with parts in
section, of an alternate enbodi ment according to the present invention.
DETAI LED DESCRI PTI ON OF THE 10 _ PREFERRED

EMBODI MENTS Referring now to: - FIG 1, a contactless sheet resistance
measur enent apparatus 100 is shown, apparatus 100 for neasuring, according
to a prescribed sheet resistance nodel, a sheet resistance [err] of a
desired | ayer 15 10 of a first conduct|V|ty type fornmed upon an

under | yi ng substrat Eig2 of ianaoplpct@m@d:cfri(mctdmglgamy@é a prereonrefl the

| ayer-10 may Cce@ypli E‘Fa ] g)fa?qlc,e AN |on i mpl ant Iayer an epi |ayer,

. or an inverte 8 sur Eartlcular l§)gg/er 10 may conprise
a lightly doped N-t§p@- 2§ is alQﬁF##&ﬁ%ﬂf PYydiagram, o anether pgrtion

conprise a P-typethadbgisat @iaghdw F FIRS. 37 affd i bed substrate dopant
concentration. A suitable vacium chuck 14 securablﬁ”t | ds substrate 12 in a

desired®posi tion, vEeSund cRIEYS BeSRGeMALE Sk IRY i pa%ts in section,

Sem conduct or &fibsas at &@btern&be2Sembodimepitantadcaeling eio | ayjes S, prreskent

I nverted silicpn S faces are also well known in the art, and only briefly
di scussed her et}Y 5$ 4P at us 100 conprises a junction capacitance
establishing means 102 for establishing an anount of 30

junction capacitance of the ] et ﬂngﬁgﬁﬁkéffbgeéfragF!ayer 10 and t he

underlying substrate 12. The junc |on capacltance est I shing neans 102
provi d&& an out put signal indi catiREFERREINENBIRIMENTS apaci t ance, for

exanple, via signalpd{&erif3. RHew to FIGIUNGLI OMh CapgRthaRi8ss sheet
establishing nmeans 102 of G. 1 FI9-93-016 - 5-

resistance measurement apparatus 100 is shown, apparatus

100 for measuring, according to a prescribed sheet

resistance model, a sheet resistance (R,) of a desired layer

15 10 of a first conductivity type formed upon an underlying"

"substrate 12 of aniopposite conductivity type. The desired

layer- 10 may comprise,'for example, an ion implant layer,

an epi layer, or an inverted silicon surface. In
particular, layer 10 may comprise a lightly doped N-type
20 ion implant layer. Substrate 12 may comprise a P-type
substrate having a prescribed substrate dopant

concentration. A suitable vacuum chuck 14 securably holds
substrate 12 in a desired position, vacuum chucks being
- well known in the art. Semiconductor substrates, ion
25 implant layers, epi layers, and inverted silicon surfaces
are also well known in the art, and only briefly discussed
herein. | '
Apparatus' 100 comprises a Jjunction capacitance
establishing means 102 for establishing an amount of
30 junction éapacitanée of the junction between the desired
-layer 10 and the underlying substrate 12. The junction
capacitance establishing means 102 provides an output
signal indicative of the junction capacitance, for example,
| via signal line 103. | |
35 : Junction capacitance establishing means 102 of FIG. 1

FI9-93-016 |  -5-



may conprise a suitable input device for entering an input representative
of a known anount of junction capacitance of the junction between the
desired layer 10 and the underlying substrate 12. Such an input device
may conprise 5 a keypad or keyboard, for entering known :
junction capacitance i'nformation. In instances where the junction

capaci tance is not known, juncti-on capacitance establishing neans 102 may
conprise a neans for measuring the junction capacitance of the desired

| ayer and the underlying 10 substrate or, alternatively, an electrical
characteristic corresponding to the anmount of junction capacitance. For-
exanpl e, such a junction capacitance establishing neans nay conpri se an

sui t abl e conmBR¥| SPPPTEF8i RaBPatrRILsANPULy destice W‘F’er“é’f‘?g’t"dégj%c{’i%ﬂ
capaci tance cpapbesdftetiveedf 1 known a@méuntinef i PindtiéNecapaSitafice of
resistivity, ’E'ﬁi ng.wehlé.kno-wg net hods ;i,n th(? art.d '{hat IS, 0assur‘gn a
step juncti on“2Ppr S¥PFELPEN, PRINES LN WhHacteahtedi s 18YPEnci%n dgﬁ“‘r’\g
concentr at i onundetheisgbsibsteathi t2. i sSuch lamtimgpubfdeescstmay tgommsise
taught.in refgre N O B A7) si stiyity. of Sidi . and
of D f?used L%yegggﬁﬁaSi F;irconl?é‘%%?%g%ystgr% ec#é%ﬂ,g%ol kﬁ%% ppidrg‘g‘}l-%[i]o,
1962 and B. Gappacitanee, igtpruasiane Ellgctinstancesi wherepfhelgumiion
1972, incorpo ; | e: K , | Sl it 5 LN
e used 1o LA e renee iRt IR S o ban M e ih i
junction capiRIR&ENtR2 BAY SEMRELSEiALIIDNTPRMEBFREENGoAdENIURG PN A
point | ocati afapddefdidéeé N EUrEREt 4661 rpAOt QUQeirag@ndenehdl | RhdERaRs P4
(see FIG 1) is provided, means 104 .for. generatj ng, 2, oiﬁnt | ocation ..
al tertfhti ng’ EHIRRYR) O APHEEBFSRIY Y 1B RS Erlgﬁ uSBRFAC t SRigHi i Ude
[M and noduedrespdrdiyuency thet amommitntof opwictiodO6apandtaated i IFdd G

~1),betvveentheq‘%' ed |l aver . t (}Trl ' - Ly %?%a

poi nt | ocat i B ép’h%tuovo%t aéglcﬁgnpr%oﬁ)ég%aq"eady éré;%%%%?loﬁﬁv\é% Fom tHe

poi nt | ocati cronigxsise any suitable commercially available resistivity
meter, wherein the junction capacitance can be determined

15 as a function of the measured resistivity, using well known
methods in the art. That is, assuming a step junction
approximation, juhction capacitance is a function of doping
concentration of the substrate which is a fundtion of
resistivity, as taught in references J. C. Irvin,

20 ~Resistivity of Bulk Silicon and of Diffused Layers in

' Silicon, Bell System Tech. J., Vol. 41, pp. 387-410, 1962
and B. G. Streetman, Solid State Electronic Devices, pp.
187-191, 1972, incorporéted herein by reference. 1In other
words, resistivity can be used to determine doping

25 - concentration, from which juhction capacitance can be
' _determined from the doping concentration. o

A point location alternating Curfent (AC)-photovoltage

generating means 104 (see FIG. 1) is provided, means 104

for 'generatihg a point location alternating current

30 photovoltage having a sinusoidal magnitude [M| and
modulation frequency F at a point 1ocation 106 (indicated

in FIG. 1) between the'désired'layer 10 and the underlying
substrate 12. The point location AC photovoltage 1is
propagated radially outward from the pbint location 106

35 'iaterally through the bulk of the desired layer 10 by a
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35 lateral Iy through the bul k of the desired |l ayer 10 by a F19-93-016 ~

- 6- resistive nature of the desired |ayer 10 at a correspondi ng
attenuation and phase shift. Point location AC photovoltage
generating neans 104 further provides an output signal indicative of the AC
si nusoi dal nodul ation 5 frequency F on signal |ine 105. Referring
-again to FIG 1, the AC point:location photovoltage generating neans 104
conprises any suitable |ight source 124, such as a light emtting diode
(LED) or a laser device. Light source 124 can further conprise a 10

| i ght source of a wavelength on the order of 0.65 to 0.94 mcrons. The
particular light source 124 is chosen according to the particular .
‘requi renents &PSiREiyRenaturespit bheednsisadehdrer g%ratrﬁnQHR%?SE¢Rﬂlng

requirenents gttanBatliball ddndheghdRsi SEARFR .NEASUEYTRIY MB¥cEeIBh Seacf or
15 i nst an n1n|n12|ngean ampunt of Iatergﬁ gﬁattered | i ght _and/ or
|

achi eving-a dEgPFQHoﬁEPHF | 823eT8H1iBAot BFBRFage RIERSF RT Vlﬁ@?er??ng
still to|q(3oﬁtphtghhgmmﬂwxhdibht5veleftMMﬁﬂAq sdnusotied 1t ancdwsl Htidn
generating means 126 v troII e switching nearfs 125, as

shown ?n a no ﬁ%???"EYOSeS“p8%SPPE 0S118°1.  Controllabl e switching
means 125 can conpReferanngsadgaid e taonFIGl.| abl e the t 88, pbEnti necatoimmn

node 123 is | eas p a

Chown tn Fi G PROEGIBLERRR HERE AL ot She S 3847 fanpy £ock 2dlyl Bisadie
Swi t chi ng rreahsgn%sogrcgmlﬁél,l syoh &/ &i lgmntremétvéagoﬁlgﬂgna(lmn)n@ru?
‘Light source 42faé§rea%%Qbéed1%&5%9n§bu9%eeﬁéw'Hbﬁmﬁﬁftﬂéﬁ copdse a

generating nmeans 126 conprising any .suitabl e sinusoi dal nodul ation
frequhcy si ght¥hyePeRaEPNgIinBangveiength qpsﬁh?a%F%eFreauQné§ &Surt-14 128

noni tors the widesiis Si gnathd egadrifcisl fnal1 ogmer alourcereass 126 amﬂlosen
provided a foedbagkng' 48 chad! §aLtY8,0h, PULat LoRehtEIUEE e sheet
resistance measurement. For instance, the requirements of

a particular sheet resistance measurement may comprise, for

15 instance, minimizing an amount of lateral scattered light
and/orﬂ achieviné a desired point location photovoltage

light spot size. _

Referring still to FIG. 1, 1light source 124 is

electrically connected to a signal generating means 126 via

20 _controilable switdhing mearis 125, as shown in a normally
closed position in FIG. 1. Controllable switching means

125 can comprise any suitable controllable switch, wherein

a common node 123 is switchable between at least two

outputs, 125, and 125,. As shown in FIG. 1, output 125, :s

25 connected té light source 124. ‘Switching means 125 is
controlled via a signal received on signal line 127. Light

source 124 is energlzed by signal generatlng means 126,

signal generatlng means 126 comprising any suitairie

sinusoidal modulation frequency signal generating mean:.

30 A suitable frequency counter 128 monitors the output signal
| V(|M|,F) of signal generating means 126 and provid:: a
feedback éignal indicative of modulation fréquency *ooon

signal line 105.
_ Point location éhotovoltage generating means °4
35 further comprises an optional light pipe or optical :.:-r

FI9-93-016 -7~
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signal line 105. Point |ocation photovoltage generating mneans 4 35
further conprises an optional |ight pipe or optical FI9-93-016

-7- 129 for directing a sinusoidal illumnation of the |ight source 124
to the point |ocation 106. I'n instances in which no |ight pipe or optical
fiber are used, |ight source 124 is positioned and focused by suitable

means for 5 "~ directing its-light output at the desired |ocation and for

generating a desired spot size. As shown in FIG 1, the sinusoidal
illumnation of the light source 124 is directed by the light pipe 129 to
forma |ocalized spot 125 (see FIG 2) on a top surface of the desired

| ayer 10. The 10 | ocal i zed |ight spot 125 may conprise a dianeter on
the order of 213fm §r| direckingr 4 ngimgarided AlGuminafiqn t@fubheod iaht

phase shift nyutd G203 dRE PIIHO! Sotheidht erpmt i O'Tna”ﬁ@@élﬁée§h' i
of the propagated AC phot ovol tage as a function 15 radi al di stance

rempte from t FE5E Me MdQkt B4PROGT APt GRY |f&lp%ﬁlérﬁn&§€dshﬁftﬂhﬁoﬁ%ﬁ%g
nmeans 108 provizes ifs rpbsdﬂtdo&ﬁ@ndrwt Fdcuddhaltss [saritlablandmleans| [for |

respectj vel nd ative of .a first and seco ni.t or de and
bhabe (b1 ] adieciing G & Shept bl SFE offie VBer 134 LBRE s o Ent bR
and [err] respotdratiing dhaesisedt lsgoftl restzeut paAs shgpm:l A ef¥G. lonthe
signal |ines ]s];]%u%‘i 41(15%?.151! Eidh df Htﬂéd'llﬁgc}ﬂtv%o%frc% 739! EQ“@Q: cted
magni tude [err phase erra] resp Ive St 8ffactive
radi al di standy [the ]1light Pipe 229 twhefomoandlesallzedo@mn E2yndsee(

[err] on si gn?f an?‘fhaseaan@oé@uﬁﬁ%e':'& the %éé'ﬂlé‘c?‘t lé!?eff 1@) m)mrhgr ed

magni t ude respectively, at second effective
radi all0di st and-@clai-l(@é’e h@t 2)590t 2 ANt ccgﬂpx@}s(ﬁ n® n@dpMeReTat RN &L on
and phase shi igrd@RniclfoR Reh HANEsPS, and the 30 desired | ayer 10 and

underlying substrate 12, should be ]
_ Referring again to FIG. 1, an attenuation and phase

shift monitoring means 108 monitors the attenuation and
phase shift of the propagated AC photqvoltage as a function
15 of radial distance remote from the point location 106.
Attenugtion and phase shift monitoring means 108 provides
first and second output signals, V,(|v,|, B,) and VASRAN
B,), respectively, indicative of a first and second
monitored magnitude |V| and phase 8 at first and second
20 effective radial distances,”
is, the first output signal, V,(|V,|, B,), on signal lines
112 and 114 (see FIG. 1) is indicative of a monitored

r, and r,, respectively. That

magnitude |V,| and phase B,, respectively, at a first
effective radial distance r, (see FIG. 2). The second
25 output signal, V,(|V,|, B,), on signal lines 116 and 118 (see
FIG. 1) is indicative of a monitored magnitude [V,] and
- phase B,, respectively, at a second effective radial
distance r, (see FIG. 2). . Note that, at a minimum, the
attenuation and phase shift monitoring nieans_ 108, and the
30, desired iayer 10 and underlying substrate 12, should be
housed within a 1light-tight enclosure (not shown) to
prevent undesirable photo-induced léakége currents during

sheet resistance measurements. .
Referring now to FIGs. '1 and 2, attenuation and phase

35 shift monitoring means 108 comprises first and second

FI9-93-016 -g-



housed within a light-tight enclosure (not shown) to prevent

undesi rabl e phot o-i nduced | eakage currents during sheet resistance
measurenments. Referring nowto FIG. 1 and 2, attenuation and phase 35
shift nonitoring nmeans 108 conprises first and second Fl 9-93-016

- 8- capacitively coupled pick-up plates, 130 and 132,
respectively, affixed or nounted to a base nenber 109 (shown in
cross-section in FIG 1) by suitable nmeans. First and second capacitively
coupl ed pick-up plates, 130 5 and 132, respectively, are concentri.c
with the localized light spot 125 and the point |ocation 106. Preferably,
first and second pick-up plates, 130 and 132, conprise flat conductive
netal rings hSARRFIEIVGE afEuRlCHcorRiSFTRRt | Wdat&fius, 13Per qndhindiBernr],
respectively. respitsiaeIng 18ffixed a8k Undn€8dPricSes adsdli wenbigen ghan
the first radiu§¥%l, wherein the radii are ??Iectgﬂ i.n accordgﬁpe wWth a
desired vol t ad@Wat adPerFRTT TR pridt o Fitfad ShedlY r BUAEARIE: WBABF: as.

wi || be expl aifiastf arndesedmidvcapaditthely icoupléd pick-tumuslabves and30
phase shift all g . s f .ses %

sensing means 49%¥%'1%%?9?%%bg§?90eﬁ%zf%§5€§%%¥%8p31§§g&ﬁ%%dg$%%g§6ﬁ§se
of an AC phot dvghtagepatapiabt iandl ytheupbdatt cladation si06nd sRrefiedragbdiv,up
plates 130 a 2 r [ - | t Si 136
D of or abi y comaFee il Facgns HECK up plicel, | 138 SRRCLIS, (RALISE FPA
(134A and [ epnpucédyect medpy) &dMgsct MRVING esbecizgt | RN M anpeFPndr s

[err] and [erglrrebe iMSHEIdDEE | ens ramd My ngréé{?@éﬂﬂv@]é{r?c'fs'rﬁfe t&ecobnger
and outer pick-up plate photovoltage s anrf, err] an eg‘ )
respeéPi vel y. FadiREsFac CPPRTIFEEK S (F s lazgeri Fhaps tigy gﬁﬁf[%ﬁ?}uﬁf
vol t age jsens: B, "wR8gelnd thiud ﬁ&@ipra\ﬂa&sébédl:eeaoridi rkgc};]m?oaﬁud;e_wwm pagse
out put signa err err respectively for,each_of t irst a
second pick-uée%F5F§s'ﬁ§i¥%éﬁi:éﬁfraé% ist{€! og.'the prescrlged sneél .
resistance model, as will be explained further below. As

shown in FIG. 1, attenuation and phase shift monitoring
15 means 108 further comprises AC voltage sensing means 134
and 136, respectively, for sensing a magnitude and phase of

an AC photovoltage capacitively coupled to the first and
second pick-up plates 130 and 132, respectively. AC
voltage sensing means 134 and 136 preferably domprise ultra
20 - high input impedance MOSFET buffers (134A and 136,,
' respectively) connected to'respective lock-in amplifiers
(134, and 136;), the MOSFET buffers minimizing loading
effects of the inner and outer pick-up plate photovoltage |
signals, V, and V,, respectively.: Respective lock-in
25 _ amplifiers 134B and 136, of voltage sensing means 134 and
136 provide corresponding magnitude and phase output
signals Vv, (|v,|, B,) and V,(|V,|, B,), respectively for each
of the first and Seqond pick—up. piétes 130 and 132,
respectively. ' o
30 | Contactless sheet resistance measurement apparatus 100
further includes a positioning meaﬁs 150 as shown in FIG.
1. The positioning means 150 provides desired vertical
positioning or spacing of the attenuation and phase shift
monitoring means 108 between a first position 151 and a
35 ssecond poéition 153. For instance, first'position 151 and

FI9-93-016 ' -9-



Tespectively. 30 Cont act| ess sheet resistance neasurenent
apparatus 100 further includes a positioning nmeans 150 as shown in FIG 1.
The positioning neans 150 provi des desired vertical positioning or spacing
of the attenuation and phase shift nonitoring neans 108 between a first
position 151 and a 35 - second position 153. For instance, first
position 151 and FI 9-93-016 -9- second position 153 nmay
correspond to a honme position and a neasurenent position, .respectively.
Precise vertical positioning is inportant for obtaining a snmall,

repeatabl e, air gap between the capacitively coupled pick-up plates 130 5
and 132 and the particular wafer under test. For exanple, a desired air
gap is prefeF&EQFQMPQQﬁ§%9Qk%5%ﬁm%YnFP§ISFPP€95t°d@rm%?ez?°§&ﬁ%ﬁn and
resi stance grasedSifdthent positibhg NEespecurkelposi t peeclibe tveBtical

preferably corresponds to the positiop at ilch.an air di st anc f 5
s or | assbppitisning 8a fepBeFant (BeR olfs 8188 £\ dnfE ke iihle ey o
substrate undér geptbetweenathhedapakitipetyi ceuplkedipitkposiplavesgl3o
provi ded by I thgn| ns .1 t I t] guﬂi'ng
capacstiVeIyngugpgdhggcEﬁauga%?gfgég%QSEQ%%}}g%ggﬁ t%§\M§§§}§¥§héﬂ%ést
can be 15 a destzsdi 8iad gapo isa PRrferalvronvhheeordsy ofdPamidgecws|y
mai ntai ned. jeskN AMMAPN a t iR €CLb¥esthadll mfadd¥eeraPaci ti vepye

coupl ed pick-up plates 0 and 132 -can al so be maintained, the effective
radii being Beasuremgnti ReSLvhPlel P 3rthup Rre LT a1 ¥ AT ITRIRAANER the
measurement gggliteshi ek, wAlich anaaikUrddierdexphatacdthey ennihebew.less

Posi { | oni ng ans 5Q .pr r abl nprise an el.ect.ronechani cal
forcbb 1557 pRERBRPRIRST wiof 20k 138, A “Eoe, PRt S avatar, dse
and | ower thsubsbratel hadernuEdtorismganreainedil8 iwWith cppechkeedemyieml 25

e ] oot PTEGREPLElaG O BRI S TBELIR BeAY Hedho! 180, ohe
capacitive coupling between the capacitively coupled pick-
up plates 130 and 132 and the wafer under test can be

15 established to a particular value ahd advantageously
maintained. In addition, the effective radii of the
capaciﬁively coupled pick-up plates 130 and 132 can also be

maintained, the effective radii being'a desired fixed value

e

for a particular sheet resistance measurement application,
20 as further explained herein -below. '

_Pdsitioning means 150 preferably comprises an
electromechanical forcer 152, in conjunctioh with an
electrical servo system 154, to raise and lower the

_ photovoltage monitoring means 108 in a controlled manner.

25 The electromechanical forcer 152 can comprise a pair of
substantially parallel flat steel flexure arms 156,' an
electromagnet 158, and a pair of ﬁiked permanent magnets

160, all located and positioned in an arréngement_such as

_ shown in FIG. 1. For instance, first ends of flexure arms
- 30 156 and electromagnet 158 are mechanically connected by
suitable means (not shown) to a mechanical ground, G,.

Second ends of flexure arms 156 are suitably mechanically
connected to base member'109 of photovoltage monitoring

means 108. Permanent magnets 160 are rigidly mounted to

35 Base member 109. -It should be noted that alternate

FI9-93-016 | -10-



el ectromagnet 158, and a pair of fixed permanent magnets 160, all |ocated

and positioned in an arrangenent such as shown in FIG 1. For instance,
first ends of flexure arnms 30 156 and el ectromagnet 158 are
nmechani cal |y connected by suitable neans (not shown) to a nechani.cal
ground, [err] Second ends of flexure arns 156 are suitably nmechanically
connected to base nenber 109 of photovoltage nonitoring neans 108.

Per manent magnets 160 are rigidly nounted to 35 base nenber 1009.

It should be noted that alternate FI9-93-016 _ . -10
configurations of positioning neans 150 nay be used. A signal generator 162
provi des a desired signal or signals to electromagnet 158 via signal |ine

164. Signal gernGigHTaEOnDRF RS ER9ning: BERBSCIAD, BRYalS Wisthal 5
generator for provigli §qhde genkratoy dEd SpR6vedesaiandedigfed Ns ignl I

generator 162 provides an. appropriate signal, for, energjzin ect r.gnagnet
158 to eitherq{§Q§;§rﬁPf? Fﬁé%ﬁﬁ%tlzéguﬁaﬁ'qﬁﬂﬂﬁ %&ﬁﬂ%gﬁg%ffeéﬁsvgﬁy

rai sing or

I oFdengaﬁﬂmtwml teppriseist GnygsoraableéOTantryl Iabvbe S@gnal

hi ' . | bed .l | Is
R SE MY S e N T N T
control | ed nadremeitro t he$idpyabogernerapbot MR t pgovities oanngappanpriesei n

a desired posidipm, Wil gn%ggggg.g{rgggwfynﬁgn\@_g%%etei efrie-Piaes 178

and 15

test. Si gnalfig@semaanetss 2

to t surface of the wa

GQrepePrpAsyinde Shareihrephect tvely cFadting

1 stanti a

current AC si gpaly dudr iiif st Ao Bt £5é ' ABRSRBY 1 488 mMeAn&AUIB Al O OlibRAS
nonitoring neans 108 to vibrate in a controlled nafggé, to be expl ained

furthd® herei At WFesrrd esBePTaSFHRGG: FOREEP

Feedback for
transforner

greunt 9h@AFRGh
V0 ettt Frbvided ovd dedely ramaighedr 158 ichisesli fiexane

(LVDD 158500 F1ER PN RULSnArBPTLL! R0ndERoRE  he £LBP oS e 154

|ine 168. LVDRT

15

20

25

30

35

photovoltage monitoring means 108 in a desired position,
while further maintaining VOltage pick~up plates 130 and
132 substantially parallel to the surface of the wafer
under test. Signal génerator 162 further provides an
approp;iate alternating current AC signal for energizing
electromagnet 158 to cause photovoltage monitoring means
108 to vibrate in a controlled manner, to be explained
further herein below with- respect to operation of the
present invention. '

Feedback for servo system 154 is provided by a linear
variable differential transformer (LVDT) 166, which outputs
a-position dependent signal on signal line 168. LVDT 166

" comprises any suitable linear wvariable differential

transformer. LVDT 166 is meéhanically grounded at a
mechanical ground G, by suitable means (not shown) so that
plunger 167 of LVDT 166 is in suitable contact with base
member 109 of attenuation and phase shift monitoring means
108. Movement of"meéns 108 up or down results in a
corresponding movement of plunger 167 up or down, whereby
LVDT 166 provides a corresponding position dependent output
signal on signal line 168.

Servo sysiem 154 facilitates calibration  of
'bositioning means 150, i.g.,'for establishing prescribed

FI9-93-~016 -11-
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25 conprises any suitable linear wvariable differential
transfornmer. °“LVDI 166 is nmechanically grounded at a nechani cal ground
. & by suitable neans (not shown) so that plunger 167 of LVDT 166 is in
suitabl e contact w th base menber 109 of attenuation and phase shift

nmoni tori ng nmeans 30 108. Movenent of means . 108 up or down results
in a correspondi ng novenent of plunger 167 up or down, whereby LVDT 166
provi des a correspondi ng position dependent output S|gnal on signal line
168. Servo system 154 facilitates calibration. of 35 '
posi ti oning neans 150, i.e., for establishing prescribed FI9-93-016

-11- anmounts of DC current to be provided by signal generator 162 to
eIectronagnetaﬂaﬁnﬂﬂ1aﬁnm®ncurvanmdwbrhsipromideﬁebyewdgnnkngenégmﬁbr
i nformation pL QY ' | ther ey, i r

aut omat ed cont (rg\gl dgéi %qe%t%%lc?sq'ﬁ%enigg rr%g JW%C%? agggl raé(gSltlon
posi ti oni ng dspeaneaﬁuaptpntaﬁégpa&sengnrmatﬁgnips@theqegnssngﬂazelgne

between the fipgt PRHddedy 1Thabidde $668P8tB0ShLtORatEd Vorlk S t e5pat e

posi tion) durlng operation of sheet Tesistance neasurenent apparatus
100. 5 APBFabAPai8g1o means cq 33f} at ifOF of IpsiFefoniPRSHEAARIRgy of

includes cali _at%hqat%n taﬂﬁi Rébbi UHIGE AbnidbreAgatiddns ands pie
shift nonitorjng neans res gct %géthe surface of .the desiref ayer

10 for establ PERFRED taﬁs Jr’é%itaﬁ’? b°’Ph RADIIE GEGHNE BRI L™ 5L
or less, as poeviatis|l gltérnate npbedtloBQS|Uumﬁm@g mpmratﬂﬁhraneﬂsﬁe@e

responsi ve toggﬁggﬁscrl geg'ég%]ﬂ]%‘?a.&a %zﬂcdgaagdson Fppenuat | % %}‘flé%b

shift for est gap “corresponding ‘to th
posi tion. PoalﬂbnathgnneinPOEmInQnﬂﬂgﬂm%@W%nlé@e@nsﬂydeﬁamai;hnﬁnﬁpd08

to be placed ,p achgl Sgﬂbkéchlom.n Osbf' OR tWMairhf 1813P! '%Sugﬁkééteéﬁf@ be

-nount ed upon vacuun1ch easl enabl es substrate 1
‘posi ti oned unferikeELiRGr MEGTFe a8 1U$tﬂ| HRARSGfankQe thE tirface of the

.desired layer 10 for establishing a desired air- gap
therebetween on the order of 5 mils or less, as previously
15 noted. Positioning means 150 may also be responsive to a
prescribed change in a calibration attenuation and phase
shift for establishing a desired air gap corresponding to
the measurement position. ©Positioning means 150 further
advantageously enabies means 108 to be placed in a raised
.20 ~ position while enabling substrate 12 to be mounted upon
vacuum chuck 14 easily, or enables substrate 12 to be
positioned under monitoring means 108 without damage to the
substrate 12 or to the first and second pick-up plates 130

and 132, respectlvely
25 | Sheet resistance measurement apparatus 100 further
comprises a sheet resistance R, signal generating means (20
(See FIG. 1). Sheet resistance R signal generating means
-120 may comprise-for example, a computer and associated

interface circuitry, discrete.circuitry,'or'the like, for

30 receiving and providing signals as outlined herein be!ow
and for performing prescribed functions. Preferably, sh«et
resistance generating means 120 compfises a computer «nd
associated interface circuitry, computers and associ«ted
Jinterfaee circuitry being well known in the art and iy

35 kbriefly discussed herein, the computer further :..=ng
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substrate 12 or to the first and second pick-up plates 130 and 132,
respectively. 25 Sheet resistance neasurenent apparatus 100
further conprises a sheet resistance [err] signal generating neans 120 (See
FIG 1). Sheet resistance [err] signal generating neans 120 may conprise
for exanple, a conputer and associated interface circuitry, discrete
circuitry, or the like, for 30 recei ving and providing signhals as
outlined herein below and for perforntng prescribed functions. Preferably,
sheet resistance generating neans 120 conpri ses a conputer and associ at ed
interface circuitry, conputers and associated interface circuitry being
well known in the art and only 35 briefly discussed herein, the
conput er fur pregrammedngbyl okggwplctechniques for penformingrodesdred by

known techniqggiciqbngeggoagg@gfygarﬁg}éiﬁugéfgw apsdescribed herein bel ow

al so. Sheet resistance signal generating means 120 Is connected to signal
line 103 for recei ?hR§ta FGﬁéF%GRQ9 signajyagangraring emeanssi 2@ is
from junctieBnneétpaci t@ngagadabliise Ngoseatr 192cefRamy 180 j8nction
connecied to signal |line 105 for receiving_a signal representative, of the
AC si nisoi dal CRBAGLERPGR 7 r ComenciLERBE pofAPM ocaHTH YRR phdHaRAS | CRce

gener ating neessablf@éhingMneansla®@2pr oMekess 1020 is appnepticat coc igmdl
128 Tor cont rEMeng Rorfho TSH & L8 T Bt eda e Rt ¥4 P, s 26,
126, respectiséhysoidala miudikatliomnfareguendy | Fheo£xplodintedloégatiion hA&Cei n
bel ow Wi th T egREELvb2:808! YR 1ddCmbdns 1080VENMeBRs SI26! ity pdgCe
signal generating neans®120 1s also Tonnected to attenuation and phase
shi f t1Gmoni t or 2PBTrAREA3LE08ONERALI Fignali t@arACt BhetgNal trofe SenEXraining 14
of FIG 1 forpégkei Mioagd vE&Nstive@ll el{ihedNd 2haghd( a2d #88PTritid ML 1Y
of the Tirst outPrtPadle swlfihlng Hehns’ 135%and "83na1 generator 126,
respectively, in a desired mannezl:' as will be explained
further herein below with respecf. to operation of the

15 invention. ' '

Sheet resistance signal generating means 120 is also
connecf_ed to attenuation and phase shift mbnitoring means
108, and in particular, to signal lines 112 and 114 of FIG.
1 for receiving 'maghitude |V1| and phase 8,, respectively,

20 of the first output signal, V,(|V,|, 8,). Furthermore, sheet
resistance output signal generating means 120 is connected
to signal 1lines 116 and 118 of FIG. 1 for receiving
magnitude |V,| and phase B8,, respectively, of the second
output signal, V,(|V,|, 8,)-. -

25 | : Sheet resistance 'signal generating means 120 .is
further conﬁected to positioning means 150 via appropriate
connections, for example, to signal line 168 for receiving

- position dependent output signal information from LVDT 166.

Means 120 further provides an appropi’iate control signal to

30 . positioning means 150 via signal line 170 for controlling

' controllable signal generator 162 in a desired manner as

will be explained further herein below with respect to
operation of the invention. | '

Still further, sheet resistance signal generating

35 | "means 120 provi'des an appropriate control signal to a
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resi stance out put signal generating means 120 is connected to signal lines
116 and. 118 of FIG 1 for receiving magnitude [err] and phase [err]
respectively, of the second output signal, [err]. 25 Sheet
resistance signal generating neans 120 is further connected to
positioning neans 150 via appropriate connections, for exanple, to signal
line 168 for receiving position dependent output signal information from
LVDT 166. Means 120 further provides an appropriate control signal to 30.
posi tioning means 150 via signal line 170 for controlling controllable
signal generator 162 in a desired nmanner as will be expl ai ned further

herein below with respe to ap tion of the invention. Sti furt _
sheet reS|stan88n§FQiQnggnéﬂhﬁ9ﬁ}¥QSmeansngéﬁs vig) S HIR% dé% ng, 13 “tor
approp[:agﬁ coabheﬁosugnglcbﬁt&d%ﬁ%ﬁlb(kﬂitchlng %ea?s 140 ih3-a desired
control | able switching ean [ tr in

control | abl e s%aPEﬁana%gﬁ 114 eaﬁﬁjd%gg?% fpnft 81_ ag W (I}'P' 84"% wgéf"rﬁlb
further hereinrbapemmmtcrppeﬁammmntQﬁc#h#emnvantﬁon$uaananMlahle sw1tch
Control fabl e Sybhil a0 carédindfeC ay" UYL A0 &NYoftkbIRRE1COUUdRP! ©

swi tch, wherein a comon node IS SW etween at | east

i nput s. Pr ef €hapein a'ﬁqmmpnrﬂﬁﬁe[éﬁi]1555ﬂﬂﬁ¢ﬂﬂ§ﬂ%xﬁﬁ@ﬁ?éﬂ a8y dreastd

potential and ewéeqsathgnputpksté}:abay%wé aplyseon rn%ﬁtedm@ r e§eis\g tedl1hage
signal V(IM,F) of I In Tesponse to the

nal . genératin ns
junction capacFPBReEtedr £p tg%'é"%@ PeteBr4a F@ql?en%?/c‘lmdal’lﬁpilﬁe ¥4Gestisand

second attenuaémﬂﬂalawl pbasecsedf ttdSIﬁédéSVéeﬁrb]ltage angn«Y rv(BR) ,F) of
accordanc th the 15 prescrlbed sheet

respec évely, and #rt er € d ﬁ
resi stHhce moddtINRheIENTERTERANREABFgAZP ‘generati ng nmeans 120 generates an
out put signal indicmirespbnaesheetthes usnanaen[ eragaciftdrnme desl s ettheaysr

10. Such an oyl pits 5| Q0P| FRLRRARPVIFEd QRPN O PULE; 96873l add "€ slEona
attenuation and phase shift signals V (1v,], 8,) and VASVNAP
B,), respectively, and further in accordance with the
15 préscribed sheet resistance model, sheet resistance signal
generating means 120 generates an output signal indicative
of a sheet resistance R; of the desired layer 10. Such an
output signal may be provided on an output signal line 122,
for example. Similarly, the output signal may likewise be
20 - printed out via a printer device (not shown) or displayed
upon a display device (not shown).

- In conjunction with the present invention and as
utilized in accordance with the present invention, the
prescribed sheet resistance model will now be described in

25 detaii. The §rescribed sheet resistance model has been
derived based upon considering the desired layer of
interest 10 to be a resistive sheet with a distributed P-N
junction capacitance Dbetween the layer 10 and the
underlying opposite conductivity substrate 12. The

30 resistive layver 10 and its associated P-N junction are
treated as a small signal -"alternating-current (AC)
distributed resistance-capacitance (R-C) transmission line

network. R-C distributed nétwo:ks are well known in the
art and only briefly discussed herein. From a

35 Jcharacterizatioﬂ of this R-C distributed network in terms
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for exanple. Simlarly, the output signal may |ikew se be 20 printed
out via a printer device (not shown) or. displayed upon a display device
(not shown). In conjunction with the present invention and as utilized in
accordance with the present invention, the prescribed sheet resistance
nodel will now be described in 25 detail. The prescribed sheet

resi stance nodel has been derived based upon considering the desired | ayer
of interest 10 to be a resistive sheet with a distributed P-N junction
capaci tance between the layer 10 and the underlying opposite conductivity
substrate 12. The 30 resistive layer 10 and its associated P-N
junction are treated as smal | signal alternatjing-current (AC

di stributed r@&%@aﬁf‘c@%&lﬁ’i%é”(@@) AG phade ST gk s dunstdion el |

di stri but ed n&is«@ahaear anvaddﬂﬁmm to kh@walhb @AhdestabYishedefjuhction
di scussed herei c a 35 i t? aract§{52at£on of this RC
di stri but ed n‘é"[’%?k ?ﬂc‘?errﬁh¢l§b§fr01€es stance ( 14nteregt o disnc

attenuati on adetermideghase strhat asis, f uritte onshkedi st seststanceddi tRj),n to
know an es o p .S t Si n r.r] of
nter bt 1's ol iintel g A R8P U HUF 1408 SV obE] DAE"ScEs
(ohns/ squar e)c@attmm; re‘d,,}.ayeffa._nadﬁdcmﬁe JﬂﬁthW@hl capaci aancleaka[gﬁr]_
(farads/cnie | | Kk (3 G rrd),
el o e T eo AP e 13 T, A &

bet ween t he 10 "an I con

di stributed FEh® Guedeginng[ oudk i sihicar é4«?ot t 8gdistermiblgted R-C-G

| ocal i zed 10 ¢jrcuid ghtv, siptan mctbno%b%a%@@l ufaafhécﬂtwna i beaugrey
F, variation_jn_.illum nation, intensit e resul tant

re t
i et et A TR oGy o SN o S oda g BTl AE LB oS LERURRNCH A Fer 1]
respectivel y,vdridaidre £Rntidlunfirdteidn glﬂhtepeutyThe vat andofv,ataesaughed

rorteaes (St avrerked MERCRvo Rt B ebet (B s
distances, r, and r,, respectively, from the center of the
light spot. The ratio of attenuated voltages, V,/V,, is

15 then a function, as expressed by f(R, C, G, r,, r,, F),
which ylelds a calculable value for the sheet resistance,
R;, of 1nterest The desired model is thus expressed as:
V,/V, = K,(Kr,)/K,(Xx,) ,
wherein K,(Kr) is a modified zero order Bessel series of the
20 second kind, and K is a complex number, and r is a radial
distance. The function K (Kr) can be expressed as:
K,(Kxr) = A + jB = |K,(Kr)|e¥ .
Complex number K can be expressed as:
K =E + jF = |[K|e¥* ,
25 wherein the value of X is made up characteristic parameters
P and g, which are expressed as:
g = G/(2rFC), and
P = (rFRC)! cm™
In view of the above, the expression for sheet resistance
30 model V,/V, may be" rewrltten as follows:
vV, |e¥ = |K (Kx,) |e¥®?/ K, (Kr,) [e¥ = £(P,q) ,
wherein P and g are expressed .as above, and
¢ = B, - B, radians
In c-onnecti‘onl with the sheet resistance model,

35 ' ‘suitable values for radial distances r, and r, and a small-
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‘Rs, of interest. The desired nodel is thus expressed as: [err] wherein
[err] is a nodified zero order Bessel series of the 20 second ki nd,
and Kis a conplex nunber, and r is a radial distance. The function [err]
‘can be expressed as: [err] = A+ jB = [err] Conplex nunber K can be
expressed as: K= E + jF = [err] 25 wherein the value of Kis nade up
characteristic paraneters P and g, which are expressed as: g = [err] and P
= [err] In view of the above, the expression for sheet resistance 30

model [err] may be rewitten as follows: [err] = [err] [err] = f(P, Q)
wherein P and g are expressed as above, and [err]— [err] - [err] radians In
connection wth the sheet resistance nopdel ui tabl e val ues

for radial distenfdeBagaitpdengs|¥[Y. axe §e§ﬁEFPdvFFQEEBbUmStabllShlng

- 15- 'bSId ggqirémﬁd Iﬁédﬁ?o?fndaﬁﬂy ]Scolar{@ttsﬁé@g]g E?Selé@tﬁb? 6§tai|9él §Bfé8ﬂf1cd |
prescribed boundar ondi s..Selection o e_specjfjic valu or i a
di stances [erd rluzfﬁy fF’ ‘i.fr‘?gl tq‘r‘ests?rﬁ?Fsngn%Pdnﬁgrﬁ’?‘ijdteh%fs’[‘%fi]'sf‘gnﬁ sed
upon conpronmm@mxhaﬁmeem ughlr #8 based uppat camprendkasi batweessdesipedse,
measurenent cysaqy. epe L it etc. ording to_ fhe

parti cul ar g’w o %%enfgsgiufgoﬁ s’%}sa'p%eetrydl S%si BF %%%gemen as acéﬁﬁa‘fy’
appl i cation. dlé@nnedstmnﬁﬁtamelitwndarty coraffcoding the tdieecpareicglance

odel MRy T Qe BhkRRNali 7 O il 1dneet PRAUAKLS SELOrURLLE
<8l oot A

over a prescri Ius, for exanple né’ cm_as radius r3 in
FIG 2. In aseliratione a@ﬂrev’é“'at%@%?r een§ PPﬂsllag'ﬂalcom’gmltqméJ%ft{l@rr]

the small-si gRgletMBgdd{4€enoé [HSddl | Snéﬁ“‘z%lﬁlifé Nateea8htidy Sb#NCehe

neaSlJJ.E)enentspb%tggJolfiS:tal;gg ttohezgrl:g U\Srglltg over a prescrlbed radius, for

example, two (2) cm, as shown by radius r, in FIG. 2. 1In

addition, to achieve a desired small-signal mag_nitixde of

V,/V,, the small-signal magnitude of V,/V, is forced during

sheet resistance measurements by adjusting the sinusoidal

15 modulation frequency, F, of the light source 124. The

small-signal magnitude of V,/V, is selected to be on the

order of 1 mV or less, to thereby maintain the excitation

photovbltage at such a' level so that undesired voltage

effects upon the substrate during the sheet resistance

20 measurement are substantiaily reduced or eliminated. The

magnitude of V,/V, is thereby forced so as to fit prescribed

boundary conditions of the sheet xfesistance model according
to the present invention. | _

Also in conjunction with the above discussion, sheet

25 ' resistance R; signal generating means 120 further comprises

' a adjustment means for ad'justing the modulation frequency

F to achieve a prescribed change in attenuation monitored

by said attenuation and phase shift monitoring means 108

between the first and second radial distances, 'rl and r,,

30 respectively. Preferably,' sheet resistance signal

generating means 120 comprises a means for: i) controlling

signal generating means 126 to provide an AC 'voltage signal

at a modulation frequency F (whereih an initial modulation

. frequency F = Fiqqr 15 used to begin this portion of

35 | brocess), thereby exciting light source 124 for creating a
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15 nodul ati on frequency, F, of the |light source 124. The
smal | - si gnal nmagni tude of V2/V1 is selected to be on the order of 1 nV or
less, to thereby naintain' the excitation photovoltage at such a | evel so
that undesired voltage effects upon the substrate during the sheet

resi stance 20 measur ement are substantially reduced or elim nated.

The magnitude of [err] is thereby forced so as to fit prescribed boundary
conditions of the sheet resistance nodel according to the present
invention. Also in conjunction with the above discussion, sheet 25
resistance [err] signal generating neans 120 further conprises a adjustmnment
.means for adjusti g t he nodul ation frequency F to achi eve a prescribed

change in att PRERF OPFAN AR A RAPEAT AL BRIC RAEYIRN P FiRtirathifayer 10
rmgl EO“ ]nngeaétsdJﬂﬁe bﬁid@.&qt Ry it s‘urr%r&a];@ 526130111) ﬁlﬁﬂha:loﬁrﬁj @tﬁﬁi;;ni[t‘i’fdd
and [err respectively. refera st ance
~si gnal generathd d\Bhesg Bo i imadius rﬁaﬁ?dférmagﬁ‘lgﬂﬂ?rg%l ﬁé‘dsp&ﬁe
generating nedahs a]t?&atdnux awj;dearedh ALY olaidsjges tdingnathat f requent gt Foantil
frequency F ( ei i nitd al vy equency i ed 10
begi n ?ﬁis por f%n-g?ggg Jf $%§g§é?éh Jpégy gﬁ%ltﬁng % %% sju e ff4
for creating ®PFPOBuaeEly 4:1 in accordanqg}w1thpbhﬁtprggq:ibadAsheet

phot ovol t age Jea r hﬁbn e, 12;
ii) nonitori an‘éa rragnr?c%hﬁ elr?](é) gﬁ{mase#@r H}qwgg ijgf?—gj&%hgé-
magni t ude [er%]n aml%hﬁéénFéw}“Qﬂum% frequpacyi if) i®jadinsked huntil
frequency F undyd ﬁbnltoré@evdwﬂd pé, |n§ﬂ'&QH§@s[fﬁrﬂs Sﬁprﬂﬁﬂhéﬁégg
[err]  is appr oxi mat el y i n accordance rescrl? sheet

resi stt8nce nntﬂ’&e"t‘%‘%tt%' n(Ja/‘b)r eQtr th&d "P%ﬂfgté"iﬁ t %F%‘iﬁ%e Vih #hi Taddnfer,
modul ation freguencyrite i adjljstsdcd firdqiende rONitor atherl uaed [ €ok] ghe

di 2 | 1/4) of th d
Vol tage [err] SHESARHL raheot rressitantt Sfbetbityion 88 Whndetired or

t he subsequentlaarlmet 10esi 3% anciel Hethey nifuattiher oexplle icesi r bdrein below.
Furthermore; adjustment of the modulation frequency F in
15 the above described manner establishes the spot size 125
and_results inlthe voltage at radius r; (i.e., a desired
bounda;y condition) being approximately zero volts.
In cohjunction with adjustment of modulation frequency
F as discussed above, a voltage _meaéurement signal
20 calibration can be performed also. Voltage measurement
signal calibration is accompliéhed via sheet resistance
signal generating means 120 such that, at any modulation
frequency F, any differential variations in magnitude or
phase shift between the outputs of voltage sensing means
25 134 and 136 may be compensated'fér, as. appropriate. More
particularly, for achieving a desired voltage measurement
signal calibration, sheet resistance Ry signal generatin
.means 120 is operative via signal Line'l38 for selectively
connecting signal generating means 126 (i.e., signal
30 V(|M|,F)) to substrate 12 via controllable switch means 140
of FIG. 1 duriﬁg a voltage measurement signal calibrat:on.

In other words, controllable switch 140 is controlled v:a
an appropriate signal provided upon signal line 138 :..r
switching the connectlon of common terminal 141 from 14., o
35 '1403. In addition, during voltage measurement si.cnael
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| ayer 10, as will be further explained herein below Furthernore,

adj ust ment of the nodul ation frequency F in 15 t he above descri bed
manner establishes the spot size 125 and results in the voltage at radius
[err] (i.e., a desired boundary condition) being approximtely zero volts.
In conjunction with adjustnent of nodul ation frequency F as discussed
above, a voltage neasurenent signal 20 - cali bration can be
performed al so. Vol t age neasurenent signal calibration is acconplished
via sheet resistance signal generating neans 120 such that, at any

nmodul ation frequency F, any differential variations in nmagnitude or phase

shift between %31%‘39:‘50% Ogh\é%ltt §g§1§%'&§1'd&9!2 Lq‘%xazﬁ generajti ﬁaﬂt@a}@sl%y

be conpensated for, as appropri at partic ¥ I evin
desired vol t agdSmes2Re Ye si g’ﬁ-él C%J-gBPbt i dkn&hedd?r e§°§t an%%lfﬁﬁl]’ely

si gnal gener at digconmeTti#Ag b3 gRRA" genesratihd n@ans [126ef13f/ isg ht source
sel ectively cogggctl .ng si gnal ratl rreans 12{5?%‘3 ﬁ r él qg ,ﬁ (
[err] ,F)) to s¥igr §oPATO LY é“%%“f’c Qhst 190 bf F'(‘;‘?tlls'
during 8 vol t agenteadladlents«si togrtal 125I il atomtrolhedt kéa \ar dsppropriate

control | abl e S‘é“g5§§§1f%ré‘?l& e lolnteﬂ ngla F: é)rci?rf a4 S SEURRLRY V'ﬁﬁg

upon S|gnal Chl onnec I'on Of conmon termna
from14 35 cohpection| qfaddmmcnnteraumaﬂglval fugm h25shed@s;- JPumbhg

FI 9-93-016 rcr;éml ﬁg%}lb}Ztlon P LRI RN | tﬁQe%\RaérFﬂé&@n%?xd[ eﬂﬁése

si gnal generatf ng operative _via g
sel ectively di eebpuEctsignalgnan gsdanali ndinesnsiize ¥ _nght 1%6urcb1§24

via copproll abESr§%%>6hdﬂﬁ§nﬁola5 Md WG respltttively 5 are coupiired abie
switch 125 is coniro riate si-gnal provided upon_si gnal

| ed vi ro
S S S eaohl Srhes vadomn g SBELALE o Al prouLded, ppon shondl o
125B. I Duri ng arélfgﬁehcéaiiigﬂa%l om. eger%qm},,n)he Appridprda tEn @dfiestmment put
Sl ghal s on Si a L Nnes an re
[_e?r] and [er ?‘Fo-r éﬁeg?ﬁvgl gt Jt?"e VOrT%%?’%%I %in%‘% Ing meaf8 133P2RY 136 thay

be made or appropriate calibration compensation values

15 corresponding to the particular modulation frequency F may
be established and stored for use by sheet resistance
signal’ generating means 120. Signal calibration is

preferably performed at each modulation frequency F. Such’

a voltage signal calibration by means 120 advantageously

20 assists in establishing a -desired modulation frequency F
for the point location AC photovoltage generating means 104
according to the particular desired layer 10 and underlying

éubstrate 12 being tested.

In continuation of the above discussion with'respect

25 to determination of fhe sheet_resiStance-according to the
' prescribed sheet resistance model, sheet resistance R,
signal generating means 120 furthér'comprises a means for:

i) generating an actual magnitude |V,/V,|,...., and phase ¢, .,

. (wheréin Prcruar = B, —B;) according to the prescribed sheet

30 resistarnce model; the sheet resistance model being based
' upon the propagation of the AC photovoltage as a function
of radial distance remote from the point location, the
prescribed model further comprising first and second
prescribed characteristic parameters P and g, respectively;

35 ’ii) estimating the first charaCteristic parameter P and the
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each other using the output of signal generator 126 as a reference signal,
i.e., [err] Appropriate adjustnents to the gains of the voltage sensing
nmeans 134 and 136 may be made or appropriate calibration conpensation

val ues 15 corresponding to the particular nodul ati on frequency F may
be established and stored for use by sheet resistance signal generating
means 120. Signal calibration 1is preferably perfornmed at each

nodul ati on frequency F. Such a voltage signal calibration by nmeans 120
advant ageously 20 .assists in establishing a desired nodul ation
frequency F for the point |ocation AC photovoltage generating neans 104
according to the particular ‘desired layer 10 and und rIylngésubstrate 12

bei ng tested. S8FWGht FRAERFERTIF e Héﬁ?@e&Pé'cu%m & BRLADAteS $irst
to detern nat ichareictidia stieet paasnEdttaice mecoaddngthe téstphatedi bedcshaet

t d t | t 120
further conpr FRESaFbREIAs iF,PaZARes ”slwsm%i“a FHTP IR BREeT&F Hhedng
phase [err] (waanern [idbrr) Agenetatihgr thhﬁwetunaﬁcmagnibudheIpné%;hhged
heet 30 t
fhgeprg‘pagatlohﬁzbi%’%gcgt"n; ?tcc?v%%a%;@gst}gg %a&gﬁ)%@ d@%{% %gn’g%gpon '
renote from t medgdi,nthe matirated I‘fellrﬁ*és!ﬁ?dltmteml¢ mﬂ@ef@rﬁ&nm apd
first and Secené PESEERADEE HBESEd CTd b4 iy FRLET Dz aitit b Gpspi 1Y)

respectively; ') estimating the first characterlstlcEa ter
and the FI9- 9990263-”1“9 the theoreticay. magnddugeq aich RResei § c/ rraaeter

g, the estimaped f Iﬁcsttrféﬂad@@dﬂnﬁagmﬂaaanahar phasé] (4lvg/vm“e§t,' gRi e
seconf character,stic PE % ein (g n L Q prescri hed.
mannet? iii) BBferWPPAG et %‘?’é T‘%‘é lrfﬁﬁﬁgf‘gﬁ [%?q]p SN cﬂ?ﬁr?ede
[err] accordlag pzcesdfmtmdasmawgm slfieethe esactivmic emagddtudeheandt iphet s,
ecney oet SEREbERRL EbBReLA ) AN 0 ERRLIR o 3880 na  sacond g
phase [err] characteristic parameters and repeating iii) and iv); and
v) using a most recent value of the estimated first
15 characteristic parameter P.,, the junction capaci'tance'c
and the modulatlon frequency F to determine the sheet
resistance R; in accordance with the prescribed sheet
resistance model. . o
Operation of the present invention will now further be
20 explained with reference to- the apparatus figure (FIG. 1)
| and flow diagrams (FIGS. 3-5). Corresponding to the
beginning of a sheet :esistance measurement, as indicated
by Step 200 of FIG._B, a semiconductor substrate 12'of a
first conductivity type having a desired layer 10 of an
25 opposite conductivity type theredn, is securably mounted
upon wafer chuck 14 (FIG. 1). Sheet resistance of the
desired layer 10 is then determined using the apparatus and
- method of the present invention. In'step 202 of FIG. 3, an
amount of junction capacitance C,, is established via the
30 junction capacitance establishing means 102. A junction
' capacitance signal is prbvided to sheet resistance signal
generating means 120 via signal line 103 (FIG. 1). 1In the
instance wherein junction capacitance establishing means
comprises a keyboatd, a known junction capacitance value
35 hay simply be entered via the keyboard. In the instance
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[err] to the actual magnitude and phase [err] [err]fctual) 10 and,
upon the theoretical magnitude and phase bei ng outside a prescribed range
of the actual magnitude and phase, iteratively updating the estimted first
and second characteristic paraneters and repeating iii) and iv); and v)
using a nost recent value of the estimated first 15 characteristic
paraneter [err] the junction capacitance [err] and the nodul ati on frequency
F to determ ne the sheet resistance Rs in accordance with the prescribed
sheet resistance nodel. Operation of the present invention will now further
be 20 explained with reference to-the apparatus figure (FIG 1) and

fl ow di agrans FIGS. 3-5). Corresponding to_the beginning of a sheet

resi stance nea¥ P€ﬁéﬂgj4£$qﬂﬂﬂ(ﬁ&@ﬂcb§aﬁfﬁpe?@éb&ﬁsﬂﬁﬁg:§e§9§xﬁﬁ@ﬁﬁﬁﬁﬁ§or-

substrate '12 ok ambhbGikef@REUCAbViEE,t yRe baytaple deeastdemaier 18 Ohads
22 ok 14°PE0% BECEOMENLY L (e | ST oon o1 SeRurEDl e ERDT ot upon el e
det ermi ned usi dgvtibe apheraebys thd netbpdtofsigmalpr eseptesentativa. ofi saep
the 30 ° | uRBerBRSHasasipsdte EPPRCRArAaE arld s, A S Riceihdas
capaci tance si gharactepistidedoropehbionadsite ajuactiignal cgpacibanag, nebhs
120 via signal ?J:'gogd 83 Wil Gidha1! Qiee i@ﬁt RBC SR eLBski YBEhERN signal
capaci tance establishing neans™ conprises a keyboard, a known junction.
capaci t ance vagggezating mgapssildfl.y pEheetcregigftanche sigpRdargenenatime
cot abl | Shi ng M o | o T e S eo i ah & oot
s L accor GYHECHEOR FARAF 1 T RUFSr LPERRPEREHESE G158 hetfratiokh Bt AT o
wher eby the oui@sitrsbedal representative of a 5 ~ measured val ue of
Junction capact tance, ob AYMeaR 4 "1 88k CNALARAST ! &' SRISPO" Uetied e
measurement of the desired layer, a desired measurement
spacing is established for the attenuation and phase shift
15 monitoring means 108 (FIG. 1) as indicated in Step 204
(FIG. 3). 1In partiéular, signal generating means 120 (FIG.
1) pravides an appropriate control signal to signal
generator 162, wherein Signal generator 162 provides a
corresponding DC signal along line 164 to the
20 electromagnetic forcer 152. Attenuation and phase shift
monitoring means 108 then moves from a first positidn 151
to a second position 153, the secohd position 153
corresponding to a desired measﬁrement spacing. Feedback
control for the spécing is provided via the position
25 dependent output signal provided on signal line 168 from
LVDT 166. - " |
~ In the next step (Step 206 of FIG. 3), modulation
frequency F of signal generating means 126 is adjusted by
sheet resistance signal generating means 120 (FIG. 1).
30 Adjustment of modulation frequency F is performed to
achieve the prescribed change in attenuation monitored by
said attenuation and phase. shift monitoring means 108
between the first and second radial distances, r, and r,,
respectively. Referring now to FIG. 4, in Step 2061, the
35 ‘modulation frequency F is set to an initial value F,,,. In
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provided via signal line 103 to sheet resistance signal generating neans
120. Sheet resistance signal generating neans 120 maintains or stores the
est abl i shed val ue of 10 junction capacitance for subsequent use, as
will be further described. In preparation for nmaking a sheet

-resi stance neasurenent of the desired [ayer, a desired nmeasurenent spacing
I s established for the attenuation and phase shift 15 noni tori ng neans
108 (FIG 1) as indicated in Step 204 (FIG 3). In particular, signal
~generating neans 120 (FIG 1) provides an appropriate control signal to
signal generator 162, mherein signal generator 162 provides a correspondi ng
DC S|gnal al ong | ect rqnagneti c farcer

152. - - Att enuatih %ﬂ@y hé@%l??sﬁﬁ?f‘ﬁﬁ r’f’g"%sgfﬁgr?ﬁé‘ﬁ‘ gVe_n$ 1 drila
first p03|t|omamibﬁaxesathnxmmghlpmdetanu phase ddttagecsﬂdnaposutpﬂms

153 cor espOondi | G 44511 o6h JOBRATEN BEPSTO  pbestbncls 08l bl O

the spacing E RS drOV|de§\n
provi ded on sivpidiage m&aﬁ&&amanhlﬁﬂghd&%ﬁalibr¢@nqexiss@@@oﬁﬁiethQGVoﬁ

FI G . 3), nmodulgidn Jd-8a4ene gl 3 e SENES tdxé‘gnére?ﬁ‘é 486ni £nadl, uated

by sheet resistance signal gener ans 12 FI G
Adj ust ment of padtisbiler wedydekdpn Ffregusef:worﬁnd apy a‘éhf-@?éeﬂﬁéal

prescribed chaagq aith cast QU alalgil tHIY (0¥ Gshdle S Uf @th&Rweéh OPhansupass
shift nonitoring means 108 begﬁeen t he fiagmppgq aﬁgong rﬁglal dlstagges
[err] and [er PE, YRTRA] | 81§ NRe AN g Bay; Heg; GomBeRgatefe
35 nDduI&btqnaaragpeaprlates Satﬂmrsh1dalibnﬂtiﬁﬁluf[Eﬁé]ma¢ﬂ1tude

R LSO LT SO
outputs of [err] aRefperihgusshgldi ghal WIGM , &). ins ﬁtepus&@ﬁBabo&heet
vol tage mas“&@%giaﬁhgn%i&%ibrg%txie%éﬁlgﬂcﬁg%ki sped i operative to
~ generate a point location photovoltage. With reference now

to FIG. 1, sheet resistance signal generating means 120

15 sends an appropriate signal on 1line 138 to control
switching means 140 for electrically grounding substrate 12

with raspect to an alternating current (AC) potential.

Sheet resistance signal generating means 120 thereafter

sends a signal via signal line 126, for instructing signal

20 generating means 126 to provide an AC voltage signal
V(|M|,F) at modulation frequency F, thereby exciting light

source 124 for creating a point location AC photovoltage

between the desired layer 10 and the underlyihg substrate

12. The frequency F is monitored via frequency counter 128

25 - on signal line 105. The excitation light is directed to

' the desired layer 10 and the underlying substrate 12 via

light pipe 129 at point location 106, thereby forming a

localized light épot of a diameter 125 (See FIG. 2) on a

top surface of desired layer 10. A point 1location

30 sinusoidal AC photovoltage is thereby created at an
interface between the desired layer 10 and the ﬁnderlying

substrate 12, the photovoltage propagating radially

outward. In other words, the photovoltage, having a

sinusoidal magnitude and frequency, propagates radially

35 outward from the point location 106 along the desired layer
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5 sheet resistance signal generating nmeans 120 such that, at a
particul ar nodul ati on frequency F, any differential variations in magnitude
.or phase.shift between the outputs of voltage sensing neans 134 and 136 may
be conpensated for, as appropriate. A first calibration of the magnitude 10
and phase outputs occurs at the frequency F equal to [err] Referring stil
to FIG 4, in Step 2063, sheet resistance signal generating neans 120
Is operative to generate a point |ocation photovoltage. Wth reference now
to FIG 1, sheet resistance signal generating neans 120 15 sends an
appropriate signal on line 138 to "control swtching neans 140 for
electrically grounding substrate 12 with respect to an alternating current
(AC) potenti al0 B¥icthe rresistine natpoe theceafi ngThePronagathen f tthe

sends a sign gh¥£3v§i99§é rOVIdé@ﬁérféﬂafﬂé£é995é89b§'éﬁ”ﬂtéghuat%on and

generating ne an AC voltage signal V(I

nmodul at i on frBﬁﬁ%ﬂcﬁthtthereby exciting light source 124 for creating a

poi nt | ocation AC pbpés¥ohgageghehwees thecdest|edihaystedO 208k [ h&heet
underlglng subst;ate 12. The fiequen%%¥£ JS nDnltored ¥ a freggen%¥ qﬁgter
128 25 oFeE1 FHAPCE | n81988: 5408 | RERRYNt dfMP& ot
desired | ayermdgnatwdé h¢vyindend yphgseulst atit eadidusi a,| aght thiepamal2d tatde '
poi nt | ocatio 06, ormn iz | i f & ' t

125 (See FIG ]l oar?&arﬁ%%gg é?f%%egagfih d?é’rq% &m 89?%‘.19 si‘ﬂq%glgﬁtoq

| ocation 30 atteuuaminmcand ﬂﬁasﬁhahéﬁclmagetomsngtmeﬁawyloﬁréiﬂéd 13t- an

interface betygen fhe ﬂ?é'é@gexlx@é(ﬁgoﬁo ﬂadphageuaﬁ%ltyb&gtﬁ@bf,&bg,ra@at%
t he Oﬁ{;otovoltage propagatln

phot AR t age,AC héRhQTg’V%ltsqgﬁJscﬂ-‘-'dala rmfgmqfdc@a f meflidrlcy digtanssat 66
radially 35 monitate Iy fidyn t6einh Ixﬂéahgcabaon #86nal 008 mhbaidess ehe
her cof . The TROLHIAS ARbRNATE Aol o Rhae Rl taHa i TraEachlr PEEE™Y an
attenuation aredial distances, r, and r,, via capacitively coupled pick-

up plates 130 and 132, respectively. Voltage signals

15 sensed by the pick-up plates are input into voltage sensing
means 434 and 136, respectively. Magnitude and phase
signals, v,(|v,l, B;) and V,(|V,], 8,), are provided on
respective output signal lines 112, 114 and 116, 118. The

| output signals 112, 114 and 116, and 118 are thus received
20 by sheet resistance signal generating means 120.

' During the monitoring of attenuation and phaée shift
at the first and second radial distances, an AC signal (on
the order of approxlmately 27 Hz) is applied to
electromagnet 158 via signal generator 162 as controlled

25 - by means 120 via signal line 170. The AC signal applied to
electromagnet 158 results in a slight vibrating of the base
member 109 and the corresponding capaéi;ively coupléd pick-
up plates 130 and 132. Vibrating of the attenuation «nd
phase shift monitoring means 108 in this manner creates a

30 Kelvin probe type measurement. Monitoring of semiconductor
wafer surface voltages using Kelvin probe apparatus for
Kelvin probe type measurements is well known in the ar:,
and thus not discussed in great detail herein. w.th
reference to the present invention, such a Kelvin pr :e

35 fype measurement enables the measuring a DC volu::e
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‘phase shift. Referring again to FIG 4, in Step 2064, sheet 5
resistance signal generating neans 120 nonitors the magnitude [err]
and phase [err] at radius [err] and the magnitude [err] and phase [err] at
radius [err] via the output signals of attenuation and phase shift
nonitoring neans 108 (FIG 1). That is, the attenuation and phase shift of
t he propagated 10 AC photovoltage -as a function of radial
distance is nonitored by nonitoring neans 108. Means . 108 nonitors the
magni t ude and phase of the photovoltage at first and second radi al

di stances, [err] and [err], via capacitively coupled pick- up plates 130
and 132, respectivel X . Voltage signals 15 sensed by the pick-up

pl ates are i nFORPPREBLydMPI§Eds ARSI FEhR aiidngtionnforsed byedhectdesixed
Magni t ude andiapage1si gnal thel driderly debstrate NRQVi 4@ YT NASPESGLVE
output signal li1nes 112, 114 and 116, 118. The out{gut sér%gfls 1 2(5 114hand
116, and 118 GPEPPRERL, HWPQREA2(PPON {RE s hEIRCTLRN g TRRRILT gifom  the
gener ati ng neapplicftidnrofigthéecA0vphbtovodtaigegt tderaibyoirrdduwiasy sdm f t

at thefirst an econd radi di nces. . an, AC signal (on .th Qr f
appr ox? mat el ygn‘%gl%ﬂei sef%xbl i%‘{'ﬁp%%g%?ec%rf%?mgn i ééhffevﬁ a%sﬁsgln%eénceo
gener at or 162neasuremenbl | ed Measurement nednsthe0 BC a wikfrade | iqempozeEnt The

AC signal appligdiio olpn=To gT=ly L ESHS S0 18k &l Y@ Ngh ofn t he
base nenber 10%&21&19; e&gg{respondx?%gégec%pam t?c\’/e y c&oﬁLﬁ)%gda péICk- up pl ar% es
130 and 132. 2RP¥PRX1&%C ORABRRT att enuati on and phase shift nonitoring neans

108 in this mannerpsrAatafer edbure tHE ititedyr OBE o RORBIYRIEY sensed
Moni t ori ng of sem conductor, waf er surface valtages, usin el vi obe
appart us " f orPXkdthA ﬁa@‘a&dé”t"\;\f%é’ GEFRY %T%‘g\%qt%g’v# ﬁ?‘{]ﬁg r @2 ng
thus not di sctussminimpzgr ehie dedttent el eifor undédirsdbe epresse couplimasent
e on Sl VAG bEHEL o ppgcestY Wro AR B1EELs £3101 93 o
135 are provided (see FIG. 1). Grounded plates 131, 133,
and 135 preferably comprise flat conductive rings of
15 suitable dimensions affixed or mounted to base member 109
by suitable means and connected to a ground potential for
effecfively shielding plates 130 and 132;
Having now monitored the photovoltage attenuation and
phase at first and second radial distances, we now turn
20 once again to FIG. 4. In Step 2065, means 120 determines
whether the ratio of the magnitude |V,| to magnitude |V,| is
approximately 4:1 within a prescribed range. If the ratio
is outside the prescribed range, means 120 adjusts the
frequency F in a prestribed manner in Step 2066, and then
25 repeats steps beginning with Step 2062. Adjustment of
frequency F is made as appropriate, that is, in a
prescribed manner whereby increasing F to a higher
frequency decreases the radial distance in which the
photovoltage attenuates to zero, and whereby decreasing F
30. to a lower frequency increasés the radial distance in which
the photovoltage attenuates to zero. If tﬁe ratio of
monitored [V,| to monitored |[V,| is approximately 4:1 in
accordance with the prescribed sheet resistance model
within a prescribed range or tolerance, then adjustment of
_ 35 Jthe modulation frequency F is completed for the particular
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conponent i nposed upon the junct.i on formed by the desired layer 10 and the
under |l yi ng substrate 12. The DC vol tage conponent inposed upon the junction
results fromthe application of the AC photovol tage, thereby introducing an

5 undesirable error conponent into the. sheet resistance
measur enent . Measurenent of the DC voltage conponent enables. such
undesirable errors to be conpensated for in an appropriate manner. To
further ensure the integrity of the voltages sensed 10 by the

capacitively coupl ed pick-up plates 130 and 132, and to ninimze the
potential for undesirable cross-coupling between the pick-up plates,
grounded plates, 131, 133, and_135 are provided (see FIG 1). .G ounded. _ .
plates 131, 138eS3xg§d138¥8%f PaRA cURFEEY W%t SEBRERRERYd T ngdTof ERES
sui tabl e di mrensaaneraf fiheednagn foudecd f ovyage isenbexrcddotby as pdpbi cubaans
and connected tQ,a_groun tential_ for effectively shieldin | ates 13
and 132. Havi né’af]igﬁ/ nn%f:fd’8$§6%9he phot 0\}.' %agesr%ﬁ?é/enud'fefsdﬁta %has’%oé?g‘ .
first and secoAdtezdativeilyt,amodulattdomofreguenzy F is adjestegdi wmntbl Rt
4. In Step 2087, : rfng ne t ; at i ; i e
[err] tg magni @é’c}égFgrgra] %i%g't% roﬁﬁaﬁéﬁi\cga?%ﬁa tqﬁi %QaaF gg)(}:‘trl F%é%ﬁ %n‘%@g | f
the ratio is oawartertd/gesf itee mandéoreea v litagead Udt 2% meadivgudaey
Fin a prescriggd r@@g@étw Sfféqﬂgﬁé? apgd then Zadition' pSaAlthst etual
begi nning with St eg 2062. Adj uStnent . of frequency_F is nmade as

appropri ate, tRapifered, magpiludeHand \Rhase Qfierboyandneabtng- - F £92%
a higher frequepeyminatesnedst thv!z/vl\é,l\%i‘ghe”ﬁ’i‘%%)anaﬁe ithethiwdedt for the
phot ovﬂ)tage attgnuat es,.to,zero ecr easi.n

, . b
| over #?equencyPRERRERES spﬁgtr a’if? %fsﬁ‘?‘g{:gn?g |emactﬁ%f“rﬁe§€h5p8v (ﬁﬁ%dg%ed

attenuates to ayer 10)fasheilat be dhrhex ergrldigred hexemomnilelwsd. [err]
R T i T

t he nodul at i oncapagiearge FChs @Yl 2l t@rrativadypdhe iestabl sed3vieas the

'23'_ ' junction capacitance establishing means 102 subsequent to

15 the adjustment of frequency F. That is, Step 202 may be

occur after Step 206. :

We now turn to FIGS. 3 and 5, where in Step 208, the

present invention determines theoretical values for P and

g, such that the theoretical magnitude and phase of V,/V,

20 . are sﬁbstantially equal to the actual forced magnitude and

| measured phase of V,/V,. That is, successive approximation

values of P and g, as further discussed herein below, are

‘used to generate corresponding theoretical magnitude |V2/V1|

ahd phase ¢ values until a theoretical magnitude |V,/V,| and

25 phase ¢ value are substantially equal to the forced actual

magnitude |V,/V,|,..., and phase ¢,.,, Wwithin a prescribed

‘range or tolerance. Criteria fbr establishing at what

point the theoretical magnitude and phase of V,/V, are

substantially equal to the forced actual magnitude and

30 phase of V,/V, may be established in accordance with the

desired accuracy ¢f the sheet resistance measurement. Upon

obtaining the value for P and g for which the corresponding

theoretical magnitude |[V,/V,| and phase ¢ substantially

equals the forced actual magnitude |V,/V,|,.., and phase

35 "@acearr Lthe sheet resistance, R,, of interest is then
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desired layer 10 and underlying substrate 12. In this manner, the

magni tude of [err] is forced to a particular value - according to t he
sheet resi stance nodel . Alternatively, nodulation frequency F is
adjusted until the 5 nonitored voltage [err] at radius [err] is
approxi mately one- quarter (1/4) of the nonitored voltage [err] at radius’
[err] The adjusted frequency F, in addition to the actual nonitored

magni tude and phase of [err] and V2 (i.e., for determ nation of [err]

are then used for the 10 subsequent sheet resistance determ nation of
the desired layer 10, as will be further explained herein below It should

be noted that the anount of junction capacitance [err] may alternatively
be est abl i shed d@tgrmiaedyRAGFANHatrt Hhe Theehl Fefifgapesnsodsel based

subsequent to %pon chéﬁﬁ:@ﬂiﬂi@nbaQEm@’tﬁ&ue@CYaﬁd fﬂlﬂihéﬁ it Qﬁe%ozoffay
be occur after now turn

the present |n\’;Eﬁﬁﬁﬁﬁcéfe?e?ﬁpnégnFﬁéBPeFPBQF'WQI“E@sCﬁ@r PR%ﬁ?i 8 ﬁgth'hﬁt
the theoreti cakhengdjustedasd mimsiial xhﬁdﬁlaﬂﬁ)on 111a1m&rmﬂd3ﬂarmrea¢dqncy

equal tg the a | forced ni tud me

sﬂgcess' ve app%&%?nﬁ?? 'ﬁe?/%‘%ggl o#jo%%qg’egé (’Tﬁ c%gésfe] ﬁ%paéuaé
bel ow, are usedft U,@élnandt €;50isespen®-My Jtlimmn ccaapam@rﬁnme [err] and

h I t I ' téjg%% atq,'l—\g%]
Fe??]e \[/ailr trJ]e \é?eugab %‘ngl *Qgg{:'ﬁa f?o %nf:g £ %a%éﬁﬁcuee err

and phase [err:]nathuﬁeahbg/é's&u.bemchmj@sg mwm@eﬁemmﬁuwfﬂreet
establ i shing afo¥hataneknsilgh@dil gg&{@faeﬂ rrﬁaahfsucﬁ@rsa@aasgp% \i%(ﬁ@a:@re

substantially equal to the force t ual %nl tude and

V2/ V1 HBy be eXBEBIYeRe®N nShERBL daides ti Zvhel Hbsianey é&éura}aﬁ oty erhe
sheet reSIstansagﬁseéureﬁaqhenagomc&&aumsagsbba wadueformﬁhandsg'@ueet

whi ch the. corres N oreflc ni t er and ase
substantial ly Eﬁ %1? 2 %% Bgr csé“dg’é%ai ud 'Eé "f] g’\gg ase é%es an
[err] the sheeactuabimdgmiteyde [,/ NV, bf....i @ner ghiase ¢, Lhaccording to the
prescribed sheet' resistance model, wherein the sheet
15 resistance model is based upon the propagation of the AC
photovoltage as a function of radial distance remote from
the po.1nt location. In Step 2082, recalllng above that
according to the prescribed model, the magnitude |V1/V | and
phase ¢ are further a function of first and second
20 - prescribed chafacteristic - parameters P and g, sheet
resistance Rg 'signal generating means 120 estimates the
first characteristic parameter P,, and the second
characteristic parameter g.,. That is, the estimated first
characteristic parameter P, is set to an initial estimated
25 value P, and the estimated second characteristic parameter
ggsy 15 set to an initial estimated value gy, Furthermore,
the estimated first éharacteristic parameter P, and the
estimated second characteristic parameter ggsr are updatable
in a prescribed .manner, such'as, according to a suitable
30 extrapolatlon method or other method for approximating such
parameters, to be dlSCUSSEd further herein below.
Referring still to FIG. 5, in Step 2083, sheet
resistance signal generating means 120 generates a
theoretical magnitude |V,/V,]., and phase ¢, according to
35 the prescribed sheet ‘resistance model, the estimated first
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Fl 9-93-016 - 24- determ ned according to the sheet
resi stance nodel based upon characteristic paranmeter P. and further in view:
of frequency F and junction capacitance [err] Recall that F is the adjusted
si nusoi dal nodul ation illum nation frequency 5 that was needed to
force the desired small-signal magnitude of V2/V1 and [err] is the P-N
junction capacitance. Turning nowto FIG 5, in step 2081, the forced
actual magnitude [err] and phase [err] - are deternined by sheet

resi stance signal generating neans 120 based upon inputs 10 recei ved
on signal lines 112, 114 and 116, 118 at the adjusted frequency F as-

di scussed above. That is, sheet resistance [err] signal generating neans
120 generatescaaractaaismagnipademgeemj agg,phasb Fher]eatimadédg secbhd

prescri bed C ,_L%Qgé erein §g§§
resi stance no ﬁggacrt%?él%%% gi%a propg]gﬁtlon 0 ?*n p’ﬁiggvclﬂ tage he o
~function of réﬁlt-&laldlél!%n@@epé'ﬁ@t-l@aﬂr oﬁﬁgnétﬁéﬁntalll‘é)cmaﬁﬁsc mgagsepl2082,

recal | ing aboygmphabsaeser éhearhfelbaq a{a@sﬁrﬁdw [RRAQ! hsnaagiwafsléi%,ggrr]
and phase [err] are furthgr u on of st and sécBnd
prescrPbed char Beepritp m &ﬂldl apd %rh%%‘i ?wst’é'hc%tﬁ

si gnal gener appgg.neans 120 esti mates the flrst characteristic paraneter

PEST and the. nd character tlc aranmeter [errl.,.Tha ,

estimated first chgga& é?Fél % rfJa {EPAT OB oty %t L|"’r?|84 alln‘g’s‘ﬁ'h%? ed

25 val uetkahll T thal thheeseltrmadd smagniituter adret i sphasear atst ernayEST

Is set to an R er e

first char act%{r}#%#‘?}ét%&%ﬁt%ﬁsﬁanﬁh%eagg?%%t lgjét(::{l)ﬁ lIéldria erTetic
par ank®er [erwithie ap@dnesaxihed arangser Fﬂl?édlsnaﬁ‘%rltggéhlaglmdmﬂiﬁe@ to

~a suitabl e 30tphe es@ﬁé@wlﬂ@s@naﬁatgeéoaa @ﬁ@facﬁ&mél&%aﬁmwékgaﬁ; ng
such paraneters, be di scussed further herein below Referring stl sfo

FIG 5, in St%’bd 26853 1 c3tep e 2085ancand FeReASheP ERPRg JABHhsardo 20

generates a Preferably, characteristic parameters P and g are updatable

by a successive approxlmatlon method, the method

15 determining updated values for P and g as briefly described

in the following. Since the theoretical magnitude |[V,/V,|

.and phése ¢ are both functions of P and g, their relative

sensitivities to P and g are used to select successive

_ estimates for P and g. For example, if a fifteen percent

20 (15%) change wbuld be needed- to make the theoretical value

£ |v,/V,| equal to the actual value of |V,/V,| and the

theoretical value of |V,/V,| happened to be equally

sensitive to changes in P and g, then P and g {aould both be

incremented by seven and a half percent (7.5%) (i.e., 15%

25 " divided in half). On the other hand, if the theoretical

| value ‘of |V,/V,| happened to be twice as sensitive to

changes in P than to changes in 'g, then P would be

incremented by ten percent (10%) and g would be incremented

by five percent (5%). Sensitivitiés_ of the theoretical

30 value of |V2_/V_1| and phase ¢ to P and g for this successive

approximation method are determined by the use of partial
derivatives which are well knéwn in the art.

If a result of the comparison in Step 2084 indicates

the theoretical magnitude and phase to be subStantially

35 équal to the actual magnitude and phase within a prescribed
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theoretical magnitude [err] and phase [err] according to 35 t he
prescri bed sheet resistance nodel, the estimated first FlI9-93-016

- 25- characteristic paraneter [err] and the estimated second
characteristic paraneter [err]. Upon obt ai ni ng both .the actual and
t heoretical nmagnitude and phases, neans 120 conpares the theoretical
magni tude [err] and phase [err] 5 to the actual nmagnitude | [err]

and phase J[err] in Step 2084. If a result of the conparison in Step 2084
indicates that the theoretical nmagnitude and phase is not
substantially equal to the actual gnifude and phase 10 within a
prescribed range, neans 120 iteratively updates the estimated first and.
second char act®3nge; c thgnampdtingr ﬂ]tyafqtlrf‘ér end rserepd 2gderagteristic

repeats. Steps @ﬂér£0ﬁ4an&”§fef@?b&ctibé&§Ct§E'%bh%l%%%%”Etﬂk%nE %ﬂg)g
are updatabl e met hod

successive
det erm ni ng upﬂé?%?@%ﬁﬁe’s”%?ep aljr@ Q’fa§1tﬁ1 e? I?tH%%E?FbEBel Roffe recent
fol l owi ng. Si nefludieot hetos aéschhatedniivde charhcred ishdse p[ae:rarxdetaéze r&g} h

f i f P.and. h | >
oot W cors S Yot (o4 L 4RGRC Eon L ¥hi Bl 8o TpRRRal e RpEuitey 2
20 (159 tohategemmiriel tie rededed ne:smkmmenst iaorerordance wd tdf ther r ]

equal (0 the. g ol MUAS et LRI e A Wod dPYCEL S2l4n Wlita Ghedl €51

happened to y sensitive to changes in and g
woul d both be expmessdare® by GERG) L) hal f percent (7.5% (i.e., 15%25-

divided in half). o@ud h%l@élerré}i?iﬂzahéeté‘fgﬁ@fogéﬁéﬁai:i)@' Heafb 1967 b

happened to be twi ce as sensitive to changes tg chan

hon Biou o TSRS iR Hen ANy TOBK S GRPACHIARC fog SGRAIDER Signal
i ncrement ed by ifneva o3sr atied a(cfj%sted asmssimuséiesl of réfeerbgoresignhl 36n

val ve of Lo L and PRASE L] 40 Pefld £ L0 I S QUSRE S YenGRRESK! BRY O
phase Shlft signals on signal lines 112, 114 and 116, 118
for generating an output signal indicative of a sheet

15 resistance R; of the desired layér 10 according to the sheet
resistance modei, where R is the sheet resistance parameter
of intérest. _

In an alternate embodiment as shown in FIG. 6, the
invention is substantially similar to that described above

20 with reference to FIGS. 1-5, however, with the following

' differences. Wafer chuck 14 is mounted upon a suitable
slide track 16, utilized for transporting chuck 14 between
first and second positions, indicated by numerals 10 and
20, respectively. Slide track 16 is connected to sheet

25 " resistance signal generating.meaﬁs 120 via control signal
line 18. The first position 20 is representative of the
wafer chuck 14 being in a sheet resistance measurement
.position and the second position 30 corfesponds to a secbnd

. measurement position, such as, a Jjunction capacita:ce

30 measurement position, for instance. 1In this later case, a
junction capacitance measurement means 102A for measuring
a characteristic of desired layer 10 on substrat. 2
representative of junction capacitance is shown positictned
above second measurement position 30. Junction capaciiarn:e
35 measurement means 102A is connected to sheet resisi.::n e
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derivatives which are well known in the art. If a result of the conparison

in Step 2084 indicates * t'he theoretical magnitude and phase to be
substantially 35 equal to the actual magnitude and phase within a
prescri bed F19-93-016 - 26- range, then updating of

first and second characteristic paraneters P and g, respectively, is
conpleted. Means 120 thereafter in Step 210 of FIG 3 utilizes the npst
recent value of the estimated first characteristic paraneter [err] 5

the junction capacitance [err], and the adjusted frequency F to determ ne
the sheet resistance [err] in accordance with the prescribed sheet

resi stance nn@g_ gene?eég&§££8 d W%%%_tth§§prg§§logl naﬂ‘”%in%hu§o3%heet

resi stance S|gn i'ng ne responsi-ve
junction capaé@inesedddreat] Sh%ﬁtﬂreﬁn%ﬁiﬂﬁﬁ m¢¢ﬁqumenth@pndpa§u5dIAQ of

si nusoi dal freggency Foﬁésaeésonséwea}.tham@yloémﬁmrth?ofltrn?é angk seqand
attenuation and. phase shift signals on signal lines 112, 114 and 116, 118

for generati n@F&feFFECTIqHAER T cALFGENGEE, MERSHrement megns| Ra¥nbe

[err] gf the @e@w&a@d AE med b BeSmenit nﬁokﬂt‘ibﬁ sheetfdzeseﬁne;fm n@debur-
wher e Rlstheshet ar.anet er I nt er est ternate

i Sfance
onbodi nent. oo PO RAPH OB SsRo iihyantpont pEh cisasuREReR, et 25 5
t hat describedthbmvefb&ms oﬁM1ﬂeaﬁﬂmgxﬂuuheneiﬂ(}ﬁuﬂcfnomoweupaclmanbethe

follow ng diff I unt.e |
rack 160 Gt PEERRIFERipa flend MK oould IR BE et e iR Foshde
posi tions, |nupc&hedpmyfnuwsdaﬁ@hnmxmﬂntuasrshmnmtiner;G 1SI|de track 16
1s coggect ed to shegpre> has GRSt ADEEN S| GRBNICRET Adrih B 129h%é€

control signal I|ne 18. first position 20 I's representative of t
waf er chuck 1ZeB&FRENFR FeAfsEienantt sRRRBEakEEs AchoRethedi CiformeaRiT heg

second positi pRe3@HEHY eE89D88ahted SECANHIERSAY CNRYerP I +i NG, aSUEDras, a
junction Capac'nguct1v1ty type over an underlylng substrate having an
opposite conductivity type. The apparatus and method of
15 ‘the present invention ére well suited for providing a
desired highly accurate and repeétable measurement of sheet
resistance R; of a desired layer. The present invention
further provides a number of other advantages, relative to
the conventional four .point probe and metal-oxide-
20. semiconductor (MOS) methods, For example, in contrast to
the four point probe method, the screen oxide layer that is
normally grown on a wafer, prior to ion implantation, does
not have to be stripped, since the present invention is
contactless. This yields far moxe acéurate RS'Values, due
25 to avoiding electricél alteration of the surface of the
implant layer that would otherwise occur from chemically
stripping the screen oxide. Furthermore, in contrast to
the MOS method, the present invention is capable of
measurements above a 5E12 implént dose range and does not
30 . require.'the expensive, time consuming and destructive
' - processing needed to form electrodes for capacitive-voltage
testing. The ability to correct for measurement error, due
to leakage of the P-N junction between the implant layer
and the underlying opposite conductivity substrate, is an
35 additional advantage over conventional four point probe
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30 ~ measurénent posifion, for insStance. In'this later case, a junction

capaci tance neasurenent neans 102A for neasuring a characteristic of
desired | ayer 10 on substrate :2 representative of junction capacitance is
shown positioned above second neasurenent position 30. Junction capacitance
35 measur enent means 102A is connected to sheet resistance Fl9-93-016
-27- signal -generating neans 120 via signal line 103A. Operation of
sheet resistance nmeasurenent apparatus 100 of FIG 6 operates
substantially simlar to that of the preferred enbodinent. Alternate
neasurenment means nmay be 5 provided at nmeasurement position 30, for
- exanple, a foqﬁ é&gt probe for use in conparison neasurenent testing or
ot her forns of ?e I'ng, wherein junction capacitance establishing neans 102
coul d be as descri béhiile t hheedpyentiion hkapr beenr @indvitmadiami ahowhownd n
FIG ‘1. 10 descnbér&er&uhasrewyéncéeeeo shpun pfefeeﬂéactéﬁsaaﬁl@%

resi stance neasur enent appar at us and net hod of neasurlng he sheet

resi stance of HheReQ%edt ! e ivRAarsteed bynbhesevFkiliggeiBytheanart

under | y§ ng su@t&@t@ﬂwwgn&mg@@m iR raD B Hetialil mupebe aiaaeaanaﬁ:étms _
and net hod of 15 Enfsent nvent on are L sui.ted for pr ghng a

desired h.gh|y”é€Etht B8 | BRERT C of 38R e cPCPREI sPAnC
of a deS|redInn#antldﬂmeprEsentexam@ﬂbuonaﬁgushamgproildEBea sintsoidhl

th d t

Cetal - ot dor 36t iy Hretfuchyl BF (HUMIUNOBlrdeOiae BY Bkack’ PRraRld
to the four pei rdepioved rLféd ratiocream bei dedampdrished by hawimd ya
grown 19N a Wafigjea 1Pk ?utt@f ﬁka”PhéEEQE'l% fs.l@eﬁeae gayssmeh%s gébpﬁﬁd

si nce ‘The present i nveftion I s contactless. This yields’far nore accurate
[err] val ues, t@GEPE?ferreq(?WRRQ%W%@thQEtPNbﬁﬁiQBtéﬂﬂﬁ%ﬁFQﬁ°ﬂh@ S@FVece

of the inplang %)éﬁur t hgiopophd otdeewse accsléﬁéo@yet@m cakl yr&édbaekng
the SCreen OXI FurthernDre in contras
ntrolled voltage requency converter could

automatically perform the frequency adjustment.
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‘the MDS method, the present invention is capable of neasurements above a

5E12 i npl ant dose

‘capacitive-voltage testing. The ability to correct for

due to | eakage of
under | yi ng opposjt

e conductivity substrate, is an 35 1]
advant age over conventional four point probe FI9-93-016|""I| I"ll"”ﬂ"'”l" '

. range and does not 30 require the expensive, tine
consum ng and destructive processing needed to form el ectrodes for

measur enent error,

the P-N junction between the inplant |ayer and the

-28- met hods. Wile the invention has been particularty Shdwn"and *

described with ref

under st ood byghhesgsskikliged g:he art 5
and det ai | nai be made therein without departing fromthe spirit and scope
en

~ FoR sempretlesdj ushaff oFeStALaNSPnudSARITHIPRFng
thhrSQu_%C efd24 nidasurliaig t @hkorskeat deisied dritd | offata o

of thelinvent
frequepcy of the |

b l'ish h . g
Freauetey ad) ust moRPELFaa IRVETe G & of HERE CHEBRRRBRTF S0y TRyl AP =0

el ectrgni c servo suatierlyingor dgposddse ofomrdsetivityst empstaategdbapkid

controll ed vol t

, - f . converter could automatically
perform t he freque%§§a58%§gtﬁgﬁﬁguggg¥b3-016 ' - 29- _ What

is clabmed is: 1 -
measurenment 2

desired | ayer of a - .
opposi8e conducti@ndy Sshestrupderlying 5 substrate,,pn8add;s st Ithg:

erence to the preferred enbodi nent thereof, it wll be
that various changes in form

la) meansAfozomsiabldshingham amoaditsodfhciinction

rst conductivity forned upon an 4 . under

6 9 atapdBabanter establishing ane8n®UNproFidimgtizHn signal
10 indicative of the junction capacitance; '

11 " b) means for generating a point Jlocation
12 alternating current (AC) photovoltage between the
13 desired layer and the underlying substrate, the
14 photovoltage having a sinusoidal magnitude and
15 frequency and further being propagated radially
16 outward from a point.location along the desired layer
17 by a resistive nature of the desired layer at an
18 attenuation and phase shift, said point location AC
19 photovoltage _generating means 'ﬁurther providing a
20 signal indicative of the AC sinusoidal frequency;
21 c) means for monitoring the attenuation and
22 phase shift of the propagated AC photovoltage as a
23" function of radial distance remote'- from the point
24 location, said attenuation and phase shiftwmonitoring
25 means providing first and second output signals
26 indicative of a first and a second monitored magnitude
27 and phase at first and second radial distances,
28 respectively; and, . '
29 d) means responsive to the junction capacitance
30 signal, the AC sinusoidal frequency signal, and the
31 first and second attenuation and phase shift signals
32 for generating an output signal indicative of a sheet
33 resistance R, of the desired layer according to a
'34 = prescribed sheet resistance model. '

FI9-93-016 : -30-
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7 - capaci tance of the junction between the desired | ayer 8

and t he underlying- substrate, sai d junction 9 :

capaci tance = establishing nmeans providing a signal 10 i ndi cative
of the junction capacitance; 11 - b) means for (generating

a point location 12 alternating current uﬂ] l e
between the 13 ~ desired layer and the un I”m mmm Hﬂnte,
the 14 . photovol tage having a sinusoidal négnftyte "arfd 15

frequency and further being propagated radially 16 out war d
froma point |ocation along the desired |ayer 17 by a resistive
nature qof the desired | aymie atcéritddtless sheefl!L888EEQNCANIMBASELefidnft!
said point |ocation AC 19 h ovol tage generating neans further
providify a 2.0  2pparafus, of ieip ve¥BPTERB: AC si nusoi dal frequency;

21 3 c) mesaiad f cguxrmrudmr icpdditt aicenuestapl fsHing means

Fadi al di stance Pinﬁc{ BRI i olnplsy G8¥IcE o, sppyping, gH“1hBuc”
“attenuati on and phagepstesentativeri af§ 25a known ameuwmt podvi djugctipnst
~and segond output . I i

% ?t 8:3@331%296 of the ]unéﬁ aﬁéﬁ@?eé’tfl ﬁné deds 204 f‘ageg

second noni tored nmagn ase Irst and sec
radi al 7di stances, 2®d the unden&xﬂngnsqkﬁsraﬁmd 29 d)
means ‘'responsive to the junction capacitance 30 _ ' signal, the AC

si nusoi dal freguency S|gnal and the 31 first and second

att enuati on and-phase shitpe sEgRtactdess sheet masighancg | WPaFuEeRfnt
signal pndicative obppaziatels 3F claim 1, ndseéxsdiamce Rs of the desired | ayer
accordigg to a 34 - prescrihed she t SIS ANGe 93-016
"8 e saie” SHRCIER s FoRarii € L R s hind St -
apparatdés of claim tomprésesn: & means for measwrinpgncanon ebeplcicahce
establ i ghi Ng  MeANScaracterist 1EOBRT LAESdedlred Pt WhE tnd andémﬁﬁag

an |nput 5 representative own ~ anoun
substrate corresponding to the amount of the Junctlon

7 capacitance.

4. - The contactless sheet resistance measurement
apparatus of claim 1, wherein:

said junction capacitance establishing means

comprises a’ measuremqﬁt device for measuring the

amount of junction capacitance of the junction between

U B W N

the desired layer and the underlying substrate.

:

5. The contactless sheet resistance measurement
apparatus of claim 1, wherein: _

- said AC point location photovcltage generating
means comprises a light emitting diode, said point
location AC photovoltage generating means further
comprising a light pipe for directing the sinusoidal
illumination of the light emitting diode to form a
localized dlameter light spot on a top surface of the

W O N O it bW N

desired layer.

[
[+)}
L]

"The contactless_ sheet resistance measurement

2 E apparatus of claim 1, wherein:
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6 _ capaC|tance “of the Junctlon bet ween the desired | ayer 7

and the underlying substrate. 1 3. The contactless sheet
‘resistance neasurenment 2 _ - apparatus of claim1l, wherein: 3

said junction capacitance establishing neans 4 cconprises Ta
means for neasuring an electrical 5 char

desired | ayer and the underlying 6 subst r at eaﬁ“mum&wﬂ’mmﬂ't he
anount of the junction 7 capaci t ance.

contactl ess sheet resistance neasurenent 2 apparatus of claim
1, wherein: 3 - said 'junction capaci tance establishing

gengsflt 4:,(’)f juncti oncgggalcg'?ance of t}t:ﬁE unct on\q)%o{gé%f@gagr Ig%glet%ﬁﬁ%

desiredt| ayer and tmeamd@trmgrhgesu@slaa@é dgvice, spid point fgcation AC

contactd ess sheet preebSbRPS :?‘éﬁé& SFERG 4 furth8PPacHpSiHingl g m
1, wherein: 3 P ée lé%m nt Ioc?z'iatnlso Eﬁotovolta%ﬁlenré?a?l ng

4 6  neans cbl‘fﬁ‘?s@épﬁ préhtd Ghing Gh%d%'m gP4dpbi At lymination
| ocatign AC phot ovad £ agfe s idéidi d@ s £dri tah&bcﬁhzed diame@@ADLiightg a

light pjpe for directing the sinu nation of the _
light dhitting di ofP%% Trin BOB S8rfate’ of, 508 df@dr& a%@’gf' ‘i ght spot on

a top surface of the 9 : desired layer. 1 The
SO hore e F10-05: 016 Thé"ContEEELLERT hnéet , r651sta§88arlﬁéggu9%m%é@ m
poi nt I2ocati on photappaxatyes geherbeimglq wherein: neans conprises a |aser
devi ce,3 sai d point |ocatdpfy %Q{zanuauon ancp Lhage ﬁ@ﬁ%a&mg iBans
further conprising a 6 lig or directing the sinudsoid
illunifation 7 COmMPTiSgS thd I%’s’é’?tdé‘@idces?ﬁj"’f‘%r reRacdtdivieddd GPHW:?Qr
light & $k-QUp apharesyr f ke ofitde dasd r sdcbayercapacitivély
Tha c%nt actl ess c%%eptle %Silcﬁct %rbc%la@e Sll':e%.r;tegntconcentrlc with the point
7 location, and further wherein the first and second
8 pick-up plates comprise flat rings having a first and
9 a second effective radius, respectively, the second
10 rddius being largér than the first, and ii) means for -
11 sensing a magnitude and phasé of an AC photovoltage
12 ' capacitively coupled to the first and second pick-up
13 plates, respectively, _said" seﬁsing means further
© 14 providing corresponding magnitude and phase output
15 signals for each of the first and second pick-up
16 plates, respectively.
1 8. The cbntactless sheet’ resistanée_ measurement
2 appa_ratﬁs of claim 1, wherein: |
3 said sheet resistance R; signal generating means
4 further comprising means for: i) generating an actual
5 magnitude and phase according to the prescribed sheet
6 resistance model, the s_héet resistance model being
7 based upon the propagation of the AC photovoltage as
8 a function of radial distance remote from the point
9 location, the prescribed model further compris:ing
10 first and second prescribed characteristic parameters;
11 ii) estimating the first characteristic parameter «:nd
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2 " apparatus of*clain1i wherein: 3 . said

attenuati on and phase shift nonitoring neans 4 conprises i) first
and second capacitively coupled 5 pi ck-up plates, the first and’
.second capacitively 6 coupl ed pick-up plates being concentric—

with the point 7 ' | ocation, and further mherelgul
second 8 pi ck-up pl ates corrpri se flat rings h ’mm'"m MI@! 9
a second effective radius, respectively, the second 10 ra

being larger than the first, and ii) neans for 11 sensing a

magni t ude and phase of an .AC phot ovol t age 12 capacitively coupl ed

to the_first and sec | | ates, .respectivel sald
sensi ng means furtﬁg gecon c%ara&t&p(ﬁtﬁgé)cg,ag: &r?d:'ngthﬁ
phase pait put 15 first ehgaabaefrmst&a:chpafratxﬂeﬂ:énrsdndanct}saecc&mtma:ikealp
16 pl at es e C sheet
rosi sthhce meacur ofERPNS chatSckerigric parangtor Bdfag”HATaHIY
sai d sh2et resistanpeeﬁeripedlgmahngemeraﬂddg gemerating a thaqnetmnal
conprisgng means fo e [

B4 ﬁﬁghltgﬂg 5@3 Bﬂﬁ@@ 3%E5§bi§g to the T nndﬁéﬂE%

phase according to t prescri r esi
sheet ¥?sistance notesigeppge7model, the (pafimated fh55§r§&ﬁ£%9Qﬁ¥kﬁt%%e

AC phofgvol tage dS Sarameter, ahd URhE ogs@imaaéaalsé&éﬁ&n%a&%raﬁ&ﬂ‘srﬁe
the point 9 | ocation, . the prescri nodel urt her coqpr|3|n

f
10 19 first BREAREESHH bfbLIm R A1 ttm%ﬁ%i% de An
”3?2 esip mating the Lﬁhé§é edaamﬁtsdrs]tﬁammagnaﬂaaer ahﬂdpﬁh%eg31ﬂl6 upon torlxe
£co char a r1sti e e estli ed 13
flrst‘Z%haracterlst?%goﬁ%fﬁﬁ% erma%ﬂﬂguﬁﬁe 3§§| P?ggl beih out'ngt
chara@zristic par geescribedgrapdet aff ethe actbal magnituge espdi tpéxahse,
menner 1) e B vdly HBBRELRGA D estimated TPGHUL UgRadBLAiPC

accor (? I Ng to the prescri resi stance node
estimldd first charharagteristi® parameterspapdnEepeating ifd )eancndmdd

Secongscharacteristifd v) using ‘a most recent value of the estimated

- 26 first characteristic parameter, the junction
27 capacitance, ahd the frequency to determine the sheet
28 fésistancé in accordance with the prescribed sheet
29 ‘resistance model. |

1 9. The. contactless .sheet resistance measurement
2 apparatus of claim 1, further comprising:

3 e) means for calibrating the frequency of the

4 point location AC photovoltage generating means

5 according to a particular desired layer and underlying

6 substrate, said calibrating means .adjusting the

7 freduehcy to achieve a ©prescribed change in

8 attenuation monitored by said attenuation and phase

9 shift monitoring means between the first and second
10 radial distances.

1 10. The contactless sheet resistance measurement

2 apparatus of claim 9, wherein:

3 said junction capacitance establishing means
"4 comprises an input device for inputing an input

5 representative of a known amount of junction
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9 - paraneter; iv) conparing the theoretical magnitude and 20
phase to the actual magnitude and phase and, upon the 21
theoretical nagnitude and phase being outside a 22
prescri bed range ¢of the actual nagnitude and phase,
iteratively updating the estimated first and second 24

characteristic paranmeters and repeating iii) and i v) 25""l"”"l"l"l”""(“m
using a nost recent value of the estinmated 26

characteristic par anet er, the junction 27 capaC|tance, and
the frequency to determ ne the sheet 28 resistance in accordance
with the prescribed sheet 29 r esi st ance node

The cofitactless .. SRRACitAnGS o ddhe BIRGhioR t?:een ‘the de%’p’b%‘lia%%léeﬁf
claim1gz further coapdlthﬁgunaerlylng substrate. neans for calibrating the
frequency of the 4 point location AC photovoltage generating
nmeans 5 according to a particular desired | ayer and underlying 6
substrate, sald. calibr&hengcomtactlesd ustheer tesistance measumememty

to achpeve a pregg%aggﬂuscggngqaldrbEsquﬁel . attenuation nonitored

by said attenuation t  monitorin means between
the firdt and second 10 Sald junciti@n| cgpacdiease 1 establiighing megns

contactjess sheet céﬁﬁki&égcea'ﬁﬁﬁﬂﬁ§”9@bﬁz measuring 2PRAT Aldieiiridl M

9, wherein: 3 unction  ca aC|tance establlshlng
means 4° cS%F?EEErlﬁﬁlcl Afuthederieedlpver A ithe uadeslypng 5
represefit ati ve of sabstpate céfpeBpondiing wocthenambdnt3ofléhe junction

- 33- 6 tance of the junction between the desired | ayer 7
and t he’ under | yi ng %ﬁ%g g 11. The contactl ess sheet

resi stance neasurenent 2 apparatus of claim9, wherein:

sai d J#gCtlonl 2 capaci t apge 8§%EQE£§Q§QQ sHeaes éeﬁlsta er.sﬁgb %F%ﬁ%

means measuring an el éc " “charac
desirec® | ayer and t¥epamriensyphgclaim 9, wherein:

3 said ‘junction capacitance establishing means
comprises a measurement device for measuring the
amount of junction capacitance of the junction between
the desired layer and the underlying substrate.

o U o

13. The contactless sheet resistance measurement
. apparatus of claim 9, wherein:
said AC point location photovoltage generating
means comprises a light emitting diode, said point
location AC photovoltage generating means further
‘comprising a light pipe for directing the sinusoidal
illumination of the llght emlttlng diode to form a
localized diameter light spot on a top surface of the

-\ooo\xm,_m:bd:wr-‘

desired layer.

14. The contactless._sheet resistance measurement
apparatus of claim 9, wherein:

said AC point location photovoltage generating

- means comprises a laser device, said point location AC

photovoltage generating means.further comprising a

light pipe for directing the_sinusoidal illumination

of the laser device to form a localized diameter light

e B > TN ©; SN N U R X S
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6 substrate corresponding to the anount of the junction 7

capacitance. 1° 12. The contactless sheet resistance
heasurenent 2 apparatus of claim9, wherein:
said junction capacitance establishing neans 4
“nmeasurenent device for neasuring the 5 anou llll!ll lmﬁmmmﬁ ll!lla
capaci tance of the junction between 6 - t he desim ayern ared the
under |l yi ng substrate. 1 13. - The contactless sheet resistance
measur enent 2 apparatus of claim9, wherein: 3 :
sai d AC point |ocation photovoltage generating 4 . means conpri ses
Bopoonigeri (1ing df e SH 4 R sk race of rnbo§akisMa"TablRLOVO! a0
gener at i ng means onprrsrng a € for directing
t he sinusoidal 7 |Ilun1nat|on of the light emtting diode to form
a8 1 Ilgcal . zed %@mh%tal&htes%wtsrmb@ LS B AREE GhedSErdment
desired_| ayer. The ~contactl ess sheet reS|stance
measur efent 2 appar&ﬁﬁ&r&@u§¥ﬁimﬂ%ﬂrﬂ@ﬁrﬁﬁ%feln 3

sai d AC3point |ocation pbahavattaaaaﬁaa&rahanghése Shlft moﬁPﬂ@ﬁ;ﬁQﬁﬁééﬁQS
a laser device, said §0|nt Ioc% % % % gener a |ng
means. further conpFPEPRG®ES6 * irst | apd; sgqpnd oFaBPF th Heeupled
sinusoislal illum napioh d¥p plates, afhé hefﬂraﬂeradﬁwsecbndf cuapax:ito:wélged
t op

SurTacebof {he desi FoRPEagcpic-up plates bétag cofcantrie vitd Big dfnt

surface of the de5|reﬂ
resi stahce neasurehen@tQOn, and fuzgpperatwhexdin| fhe 9€1Mrend s3econd

sai d atgenuation aqglekﬁéé §b5£ésﬂgagbg&%%9fq%§n§r$ hav1 ?ﬂﬂ%ﬁe |rst

first and second capaciti y cou f
and secdnd capaci ti%effcend effeCtlt%uﬁﬁééuﬁuﬂ@QﬁPﬁﬁ%&%% Yei khecdiraand i c

with tig point 7 radJ.us béﬂﬁ?t 1aﬂgeendn5w ttlzw RS raridﬂqﬂ)l mdar® For

seconq, §  LENAD B AL R S8 LRhsl W D3VARY o avinthte
12 capacitively coupled to the first and second pick-up
13 plates, respectively,' said sensing means further
14 _ providing corresponding magnitude and phase output
15 signals ‘for each of the first and second pick-up -
16 plates, respectively.
1 16. The contactléss sheet resistance meashrement
2 apparatus of claim 9, wherein:
3 said sheet resistance R, signal generating means
4 further comprising means for: i) generating an actual
5 magnitude and phase according to the-prescribed sheet
6 resistance model, the sheet resistance model being
7 based upon the propagation of the AC photovoltage as
8 a function of radial distance remote from the point
9 location, the prescribed model further comprising

10 first and second prescribed characteristic parameters;
11 ii) estimating the first characteristic parameter and
12 the second characteristic parameter, the estimatod
13 first characteristic parameter and the estimated
14 second characteristic parameter being updatable rnoa
15 prescribed manner; iii) genérating a theoret:cal
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9 : a second effective radius, respectively, the second 10

radi us being larger than the first, and ii) nmeans for 11. sensi ng

a magni tude and phase of an AC photovoltage 12 -capaciti-vely

coupled to the first and second pick-up 13 : pl at e ' _
said sensing neans further 14 pr ovi di ng correFlmmmilm!MmUﬁ,
magni t ude and phase out put 15 signals for each of's u .
second pick-up 16 _ pl ates, respectively. 1 16. The .
contactless sheet resistance neasurenent 2 apparatus of claim

9, wherein: 3 - sai d sheet resistance [err] signal generating
neans f Iy SJ L. )0 rati an tyal b5
nagnitﬁ%e and phasé“%%@géﬁﬁgggé% #ﬁ%§g33§§8%§ 8 sﬁe§836gkeg%rlbéﬁzéheet

resi stihce nodel , t¥rRsbkance espdedncdhedsitimdtrd 7first charalgdsen stpion
Lhe prapagation of dawadd ROt Ayl t2fie Esfimated secdhd UBRALAR Y JA A
di stance renote fromthe point 9 . Tocatlon, t he prescnlbed'nn el
furthekd conpri si hg BRFameter; ivk Gompaming ddwhihgreetdasddmegaidnds iand ¢
paranefeers; 11 = phase dd)tiRstddBdaNmidgritiast afdapRater aflll, C updnARE!
and 1% tQﬁEfeconﬁ characterjstic paraneter, t e,estlnateq 13
first 2kharacteri st4 °ﬁﬁ§¥ﬁﬁieymaQR&F“ fe 2Bd; RRRgQ 1Reing outside . gy

chara@eri sti c par preisyrilbedigrandat alfl echeéinaatddl magnitudedr&ndr phede,
manner,,., iii) generat]j theoretical_.Fl 9-93:- 01 . - 35-
16 23 magni teit}%é'l aan‘ﬁ'd’ e%as%ggﬁg%lr’éi r%'et oe?%jem?)gﬁgc ;ilﬁg'& 's%’é%t sf‘fon%s

resi s24nce nodel , tdharesttiemitsitid ipatandierstand stepedBing iii) and iv);

paramgier, and th ty con r LSt er;
o) camoaring the Chgorul T SSef A ogi PELERE SVl o2 the, oeBfRATEL®
act uaPbnagni t ude addrfase ARrachRALIsHEC21 Parameter,t hedhg i cajunction
-magni pgde  and  phaapadi®aMte ,OWnmd tthe ¥ requency to dPEESRIhECEhEagHBR!

t he ﬁégual magni t ude angﬁghase, 23 - iteratively updat,ing, the
estimdBed first andeSeSEARACS, 1n accordangce SwWith fhe BIESFT angeet
repeakgng iii) andrieslistdnce model. and v) using a nost recent val ue of
the estinmated

1 17. A contactless sheet resistance measurement
2 apparatus for measuring the sheet resistance.of a
3 desired layer of a first conductivity formed upon an
4 underlying opposite conductivity substrate, said
5 apparatus comprising: - _
6 a) means for establishing an amount of junction
7 capacitance of the junction between the desired layer
8 and the underlying substrate, said junction
9" capacitance . establishing means providing a signal
10 indicative of the jundtion capacitance; _ '
11 b) means for generating a point location
12 alternating current (AC) photovoltage between the
13 desired layer and the underlying substrate, the
14 photovoltage haVing' a sinusoidal magnitude and
15 frequency and further being propagated radially
16 "outward from a point location along the desired layer
17 by a resistive nature of the desired layer at an
18 attenuation and phase shift, said point location AC
19 photovoltage generating means further providing a
20 signal indicative of the AC éinusoidal frequency;
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26 first characteristic par anet er, t he ]unction-27'
capacitance, and the frequency to determ ne the sheet 28
resi stance in accordance with the prescribed sheet 29 _____resistance

model . 1 17. - A contactless sheet resistance measurenment 2
apparatus for neasuring the sheet resistance of a 3 'w" ummmm yer.
of a first conductivity forned upon an 4 unde ”
conductivity substrate, said 5 apparatus conpri%

a) neans for establishing an amount of junction 7 capaC|tance of
the junction between the desired | ayer 8 and the underlying

subst raf e, said | unctj on feans for mOMAILIHLCLtheS AN dRlU o ﬁre%'?ﬁj

providing a signal 10 i ndicative of the Lunctlon capacl t ance;
b) Zfeans for JEMRFUtFR4TLa ofobhe RxRRAgARd 2AC Ph°t°"°]é45c9£ nasi rﬁg

curres (AQ photmﬂ&ﬁﬂge olieti‘\&&ﬂalt F&lé@ance remotedeﬁrbﬂd tHely poindnd

t he derlying st rat 14 ta
si nusdi‘dal nagnltaﬁg: !?ald attenu??éﬁﬂe%ﬁé pgﬂﬁe gﬁf?ﬁ TongEPﬁdng
propags ed radial Imedrts prov1d1ngunﬂwwdtfr@nda pecond| ocatpan akaggatlse

desi.r | ayer 17 - resgi.stiv u ' an’
18 % attenuaq%ﬁ?5ﬁ1 q%se§s%%5t%ngg%dg88§ﬁg'Q%%gfﬁ%ﬁﬁg$é§6f£uag
phot o¥dl t age genercamd n@hnﬁgnsatfufnhém paodldﬁﬁgond 2padial distangesl,

i ndi cgigi ve of the_ éﬂéygyy ey frequency; FI 9-93-016 - 36-
21 c means tor nmonitoring the attenuation and 22
phase28hift of the propé@atéﬂeiﬁﬁpmﬁﬁnkﬂﬁhbb°%bnﬂ ggid attenuafippr:asg of

radi aBodi st ance rephagel ANt oMBitEriddg means betwéémid Ofirseifosition
attenggtlon and phase shift nonit OVIdIﬂg lflrst

ri r
and cond out pu™ d5|gﬂalss?%°n8 8°SltﬁﬁﬂvcatFV§ 0f$%¢?$ dst RORLY:
second2noni t or ed n&gmwbs@enﬂing to a meanur@hent pesitionstandnd second

radi a di st ances, respecti vel ns
f or pé%ltlonlng sald at?énugflgﬁ aﬁ%%onSlVQ/téH%he junction capaéltgﬁ
3

signal, the AC sinusoidal frequency signal, and the

35 'first_énd second attenuation and phase shift signals
36 for generating an output signal indicative of a sheet
37 resistance R; of the desired layer according to a
38 prescribed sheet resistance model.

1 18. The contactless .sheet resistance measurement
2 apparatus of'claim_17; wherein: '

said ‘'positioning means is responsive to a
prescribed change iJ;'a calibration attenuation and
phase shift for establishing a desired air gap

N N W

.corresponding to the measurement position.
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30 phase shift nDnltorlng means between a first posrtlon 31

and a second posi tion, the . second position 32

-correspondi ng to a neasurenent position; and 33 - —————-—___e) ~heans
Tesponsive to the junction capacitance 34 -

si-nusoi dal frequency signal, and the 35 fi rst mm Iw I l"
attenuation and phase shift signals 36 ' for

signal indicative of a sheet 37 = resi stance [err] of the deS|red
| ayer according to a 38 prescri bed sheet resistance nodel. 1
18. The contactless sheet resistance neasurenment 2

apparaj us of ggaim 17, mﬂ&tﬁess sheet resistaiftd mdUrdnEh et RS
is responsive to a prescri bed change in a calibratjaon

attenudtion and 5 for meas“rbﬂﬁsﬁhesﬁh??t reeistang® prdhengesdregediavar
air gpp 6 of eorfgﬁ@@ndjdmd&ixhﬁtyewnhpaﬁsﬁnoma@:&ﬁ&@w

- 37- 1 contactl ess eet si st ance measur.enent t hod
2 4 for wé¥§W§+ﬁFthecgﬁgBF F§§%§tamﬁ§§ﬁ qHa'e‘sweﬁ afdyer T8 éﬂ%
of a fgrst conduct¢ampgu§1mgmthep9ﬂeps ofderlying 4 opposite

conductivity - substrate _ nprjsin : ps
of : é a) d) es%a |g§|§%§q’g am)unrtwu ? CJfl;ncgl %%tﬂa
capam]xume of aj¢ﬂma¢xta¢mameén&rﬁnmm£4¢edbeayeen8the deSlr?dnd&Mﬁ?
underlgyi ng substr af,gy a‘{'i]g e PLA¥e?194 ny Sé&g?tl.rgte and provi¥ifdlaVveighaine
junction capacitance; generatlng a polnt [ocation
alterating 11 lndlcatkﬂﬁrQﬁut¥¢K3u@ﬁﬁ#@ﬂoFFB@élﬁépﬁéen t he desired
llayer; gl2 and gyie ugdelelratififudst patiat tmecah%ﬁvommeenb&\m@g 13
a sinusoi dal magni tude and fre

qu d further bein
propddat ed radi al ISPTREMar 6AF ?oﬁ&&%&Y4LtQQﬁmﬁ?Bﬁe Lne’ desired ,laver,
desired | ayer by aanddimd mmetattymeg cfubdierdbe, the photdeettagel hpeingt an

TP TSR ek oy o= Bl U e iy

propagated radlally outward from a point 1location

15 along the desired layer by a res;stive nature of the
16 desired layer at an attenuation and phase shift, and
17 providing a signal indicative of the AC sinusoidal
18 frequency;
19 _ c) monitoring the attenuation and phase shift of
20 the propagated AC photoyoltage,as.a function of radial
21 distance remote from the point location, and p;oviding
22 first and second output signals indicative of a first
23 and a second monitored magnitude and phase at first
24" and second radial distances, respectlvely, and,
25 d) providing a means responsive to the junction
26 capacitance signal, the AC sinusoidal frequency
27 - signal, and the first and second attenuation and phase
28 shift signals for génerating an output signal
29 indicative of a sheet resistance R; of the desired
30 iayer according to a prescribed sheet resistance
31 - ‘ model. '

1 20. The contactless sheet re51stance measurement

method of.claim 19, wherein:
establishing the junction capacitance comprises
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19 C) nonitoring the attenuation and phase shift of 20
the propagated AC photovoltage as a function of -radial 21
di stance renote fromthe point |ocation, and providing 22 rst—

and second output signals indicative of a first 23
noni t ored magni tude and phase at first 24 and sﬁ!um Mﬁmn l '
S *

£
1

di stances, respectively; and, 25 provi

responsive to the junction 26 capacitance signal, the AC

si nusoi dal frequency 27 signal, and the first and second
attenuati on and phase 28 shift signals for generating an

out put. 4signal 29 I pdi h ﬁpﬁge RS £0f4 t
desired430 : qg?%ﬁn%mggr3ﬂ?dﬁn§$g&n?e?ﬁpﬁ§§¥ eet reS|stgﬁggn31
nodel . $ 20. amounnq@f d&ﬁF&éPF’e§§Pa§l4§éﬂcer e$i shgniencrianubetwaent 2

met hod gf . claim 19, tMeeiRisired layer and the &ﬁ&éﬁigﬁﬂgngubgﬁrhﬁgqt'0”
capaci tance conprises Fl 9-93-016 - 38- 4

i nputing an input anount representative of a known 5 anount of
junction capaci2ilance of tine j wesitavtlwiseaihdet resistadde dasasedemayer

and the_underlying- su% t r.at The contactless sheet
resi stafice neasure off of éﬁalm Hé; %ﬂf?ﬁl%1a|n119 wherein: 3

est abl i 8hi ng the juncti oestapddistdmge thepjusesidn capac1tanpﬁnv¢dmpglsas
means  jor ”Easu“ﬁgovﬁgeﬁ‘a‘ e%l“xﬁééné for ea&?@iﬁgteéhs“&l éti‘?@a%h

desired | ayer and the un substr at orrespon
amount Bf the Juncthﬁr¢CterlSth ofaphei deaévedllayer gnd the undamﬂylng

contactpess sheet g88k$hRBCROrFRAPHIRITHY td the amountRINAUhO!j S {649,
wherein: 3 establishing the junction capacitance conprlses 4

provi di Ag a measur efBRACAEFNEE- for neasuring the 5 amount of
junction capaC|tance of the Junction between 6 . the desired | ayer

and t he,underl ying substfate. 23. The __contact! ess _ sheet
FESISta%Ce %2Urenent &ﬁ contactless sheet re51 Qa ce measurement

2 method of claim 19, wherein:

establishing the junction capacitance comprises
providing a measurement device for measuring the
~amount of junction capacitance of the junction between

A U oW

the desired layer and the underlying substrate.

23. The contactless .sheet resistance measurement
method of claim 19, wherein: _

generating the AC point location photovoltage

comprises providing a iight emitting diode, said step

of genérating the AC point location photovoltage

further comprises providing a light pipe for directing

the sinusoidal illumination of the light emitting

diode to form a localized diameter light spot on a top

W ® N WS W N e

‘surface of the desired layer.

24, The contactless sheet resistance measurement
method of claim 19, wherein:

generating the AC point location photovoltage

comprises providing a laSer',device, said step of

generating the AC point location photovoltage further

comprises providing a light pipe for directing the

A oW N R
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2" met hod of claim 19, wherein: 3 ' generatlng the AC

poi nt | ocation photovoltage 4 - conprises providing a |ight
emtting diode, said step 5 of generating the AC point |ocation
phot ovol t age 6 further conprises providing atight pl'ﬁé‘—f'”()‘r—_’"
directing 7 the sinusoidal illumnation of t

diode to forma localized dianeter |ight spot on a top lg“‘“vjmtlmﬂnﬂm

of the desired layer. 1 24. The contactless * eft Festtance
measur enent 2 : met hod of . cl ai m 19, wherein:

generating the AC point |ocation photovoltage 4 corrpri ses

}orOVidi ng ﬁ Itaselrtdes/ixc@sm&@i di B1@RiRAtPon of the 1688e' gbiv[iﬁ:et l&% ﬁstGﬁpiant
ocation_ photovolta . . CO | ses prOV| In e | pi.pe
for diréetting the F%é’%{ %‘5 diameter 11ghtngggt on g top sgr%acg s &l

il Tum negion of the destredlevagerto forma 8 | ocal i zed di aneter

l.i ght spot on a top surface of the 9 desired layer. 1 - 25.

The contactless sheet resistance neasurenent 2 met hod of
claim19 wheregdd 3 -~ The contactbessorsheetheresistanaei omeaandemesindse
shift 4, Wﬂétf%fﬁr&‘%ﬂh nggl )wgéféina”d second capacitively 5 .
coupled  pick-up plate second 6 capacitively

coupl ed i ck-up pl ates bawmt rT—Be7 attenuatioy t enche Plape shift

l'ocation, and furtheiompielsRis ﬁf‘@vidiﬁé $) flrst an@%é&?&r@aﬁaéktﬂgely
pl ates conprise flat rings haV|ng Ilrst and a second
effective radius, r&Pp&RIEd el Pickpup Platesthe?ﬂ%xwﬂlFﬁﬂlu?qﬁnnﬁeFQF&er

tEan the fi rstC gnd daidac]ﬂ'.lvely coupBediEpm&kf—Qp Patiex) t&é nd:bﬂdéntﬁﬂdc
phase-of, an AC 1 g capacitive cou Lrst
P 130T sed srecBRing TpeBLEchalRnM FiErpeE Wl Eesborberg ER
means f @t her provi dmdgmmmsmrm:f@np@ateadeomwis& flat ringghbseing

output gignals for gach Qf tdif fArstcRd 3¢ ile radius, r&df&ctPvely,

pl at es, "respectively.
10 the second radius being larger than the first, and ii)

11 a means for sensing a magnitude and phase of an AC
12 photovoltage capacitively coupled to the first and
13 second pick—up plates, respectively, said sensing .
14 means further providing corresponding magnitude and
15 phase oﬁtput signals for each of the first and second
16 - pick-up plates, respectively. '

1 26. The contactless sheet resistance measurément
2 method of claim 19, wherein: _

3" providing a means for generating the sheet
4 resistance Rgsignal further'comprises the steps of: i)
5 generating-an actual magnitude and phase according to
6 a prescribed sheet resistance model, the sheet
7 resistance model based upon the propagation of the AC
8 photovoltage as a function of radial distance remote
9 from the point location, the prescribed model furthrer
10 comprising first and second prescribed characteristic
11 parameters; ii) estimating the first characteristic
12 ?arameter and the second characteristic parameter, t‘he
13 estimated first characteristic parameter and ine
14

estimated second characteristic parameter be:ing

FI1I9-93-016 -40-



1  26. The contactless sheet resistancé neasur enent 2

met hod of claim 19, wheréin: 3 ' provi di rg—a__neans _for

generating the sheet 4 : resistance [err] signal further —

conprises the steps of: i) 5 generating an a g' mn,”

phase according to 6 a prescribed sheet Wﬁgm
. the sheet 7 resi stance nodel based upon the propag‘atl'bn Sof *t he

AC 8 phot ovol tage as a function of radial distance renpte 9

fromthe point |ocation, the prescribed nodel further 10
conprising first and second prescribed characteristic 11

paramejers; i) esty htam&hq fid éé‘éfﬁﬁé&r 'n%tdr{ézd-z i § ter
and the§second char agtaerl stic nar arsr%fer t he ll) ?Iexr}grga%ﬁx@frft

charact®ristic par EHEP\EFtlSﬂéI pagnifude &nd”> phase rra"t‘&Pr%-bfé%ncFO the
characteristic parppeseribbai sigedt T SBididnce model, the estimbted fikst

updat e in a prescyibed, mann i neratl i

theorg)[bé cal magni tﬁé%raﬁﬁﬂrbﬁgég M téﬁ?ﬂ estimated second
prescri®ed sheet resharaoteristiét, tlpamﬂetrmt;ed fivgt l&omparing the
char agd*“ stic parapglg %etfgglthgﬁaﬁﬁ&lt%tee‘j éﬁ&onﬁhégs to the actual

characteristic pafane npar i ng
t heor &3 cal nmagni tm@l@nlm@e paade phase heandet uaipon] the theopediicalde

and phase and, i tdle &H&OQEEEGabe%’.%g outside MPé&HPEbéHd E%%e

bei ng outside a pres I bed rang actual magnit
and Pse, |terat‘Pf/eI'§/h24 actual magpdiudey tad'l‘é"i e&*ﬁﬁﬁed #F??x‘?t&NGlY

seconggcharacteri stugdiémg the estla&rt@mtfqrz%taaﬁdr eeeahan@haraé:téﬁdst\i):
and v),_using a 26 receng stinate

first 257 RAFALRYR] it TeRentey, ThE FeActYbh SaparT: HnBs 2

and tiz6 frequency tmosiet errecent he sakae resifstartde in éXimated first

accorggnce with the, élbeéi;fé‘egkréﬁikz%}:agC@né")‘}%ctjiont < %3&1;1 nce,The

cont aCt'l ess sheet re3|&{ ance a| m’1l
furth@8 conpri si ng ark theefrequedcy to determine §;xecahebtareagsaahceqmancy

gfccgt‘gl gPOI nt ' Ocat It dkdance with %ﬁe BPaLeY¥ebeddShe88"FER L BEnCEBRBS ] .
27. - The contactless sheet resistance measurement
method of claim 19, further comprising the step of:
e) calibrating a frequency of the point location
~AC photovoltage' generating means according to a
particular desired layef and underlying substrate,
said calibrating step' adjusting the frequency to
achieve a prescribed change in attenuation monitored

?

by said attenuation and phase shift monitoring means

W O 9 00 n & W N M

between the firsf and second radial distances.

28. The contactless sheet resistance measurement
method of claim 27, wherein:

- establishing the junction Capacitance comprises

inputing an'input amount representative of a known

amount of junction capacitance of the junction between

the desired layer and the underlying substrate.

A U oW

29. The contactless sheet resistance measurement

- method of claim 27, wherein:
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5” ' particul ar desired |ayer and underlying substrate, 6

said calibrating step adjusting the frequency to 7 achi eve a
prescri bed change in attenuation nonitored 8 by said attenuation
and phase shift nonitoring neans 9 between the first and second.

radi al di stances. 1 28. The contactl ess shfﬂlll"“lﬂﬂ"“mm
‘measur enent 2 met hod of claim 27, wherein

establishing the junction capacitance conprises 4 * Cinbuth n
i nput anount representative of a known 5 . amount of Junctlon
capaci tance of the Junctlon bet ween 6 the desired | ayer and the

under | y4ng substrate. S t
measur ehrent 2 establishifig, HE SRldifon Caaci{ERES Bibrises
-41- 43 PrOVldJangablal simenns hefpnncmmmu tamceedestriisad 4

providifig a neanschdPictIBESHEENGE Ble LG qaéye'i: and the underlying
characteristi-c of the desired |layer and the underly 6

substrdfl e corr esporfRRREXEE HEOBRBEAPNELNGNEC] hREL FBﬂu‘?t of the junction

capaci tance. 1 cabcitanceJhe contactless sheet resistance
measur enent 2 - method of claim 27, wherein: 3
establishing the junction capacitance conprises 4 providing a

measur dnent @& ce forrmeastontacthesS sheet reshstahcefl peastirefaent

capaci tance of then‘ge%r}iéd U b@tlg\frﬁnz.p xﬁ%ere .. the desired layer and the

under | yi ng substr at contact| ess sheet resistance

measur énent 2 mmﬂlwathazﬂum rcapicitance comprises
generaigd ng the AC Qﬂ t'aO“nBQ%wéﬂlérﬁQed@uce for ﬁ@HEﬁkiﬁ?
providing a |ight nlttlng dlode said step eneratrng t

AC poi Bt | ocat i on aeNTy O dgeckion CaPaClt?@FFhEF EBﬁp3?§€§19309¢HWﬁ§na
light gipe for direHd Meésired layer dh@ théUsadéalyihgusupstiraaeQf the

light emtting 8 diode to forma localized dianmeter |ight spot on

atop 9 . surface of the desired | ayer.
1 31. Thg contactless sheet resistance measurement

method of claim 27, wherein:

generating the AC point location photovoltagé
comprises providing a light emitting diode, said step
of generating the AC point location photovoltage
further comprises providing a light pipe for directing
the sinusoidal illumination of the light emitting
diode to form a localized diameter light spot on a top

O W g N

surface of the desired layer.

!

32. The contactless sheet resistance measurement
method of claim 27, wherein:

generating the AC point location. photovoltage

comprises providing a laser device, said step of

generating the AC point location photovoltage further

comprises providing a light pipe for directing the

sinusoidal illumination of the laser device to form a

localized diameter light spot on a top surface of the

O O J A U b W N

desired layer.

33. The contacfless_ sheet resistance measurement

-

“method of claim 27, wherein:
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1 T 32, The Contactless sheet resistance neasurenent 2

nmet hod of claim 27, wherein: 3 ~generating the AC point

| ocati on photovoltage 4 ' . conprises providing a |laser device, sald
step of 5 generating the AC point |ocation p mlmmlﬂmmmtuﬂl
conprises providing a light pipe for directing the 7

i1lumnation of the |aser device to forma 8 Iocall§ed'd|aneter

| i ght spot on a top surface of the 9 de5|red | ayer. 1 33.

The contactless sheet resistance neasurenent 2 net hod of
claim 27, wherein: FI9-93-016 : -42- 3

monitoryng the attenuapbRitodiflg P asﬂ_éﬁuélnon and gaurel S&hift
providing i) first and second capacitively - coupl e pi ck-up

plates,? "the firstCOBPELiSeEcBRAVEding 1y fi%ﬁﬁmﬁ#?|§§F9“906&P§$%ﬁ#ﬂ@lﬁ)
pl at es ei ng concentdupled plck—up Wi pMatae,poumel Ofairsen, and f WdduHa
wherein.the first 8 ggd Lgesg)iatesgrrgrlseflat rings
havi ng %P???%Ylgﬁﬁyacggg o] AFTs e B EORRINFLC o
t he secdbnd radi us beitly the gedinthdodatddn ; satnd further Wherein the fdrsgans

for sensing a mgn'éﬂ:ﬂf ?ﬁgm?rﬁf?kg% a%&égey comprise f%’QQt Qxﬁégaﬂgalng

capaci tively couple second pi C
" respectd vely, saic sbig$thgand a second mimtmlmovrespgctwely,

cor resppndi ng mgn'ﬁﬁ%éﬂ%dl%adius belngﬁl] Ay ttdn %'h%n%lﬁ' a?fi’icﬁl f

t he flrst and secon I ck-u at'es, respectively.
The ddntactless <heBeanseEpst aﬁﬂﬂfﬁlfiﬂaa%umt“?e and Phasﬁet‘?fodaﬁf AC

" clai mi7, wherein: p?notovoltage capaari@iwlrw céuplBanto f he OENWSE! bRd
t he s@Fet 4 si stance Rs nal further co rlses the steps of:

i) 5 gené%ﬁq EHC'TﬁhIP rudECEREIHYES Yac c SRI g SEGSENT
- a pragcribed sheeteannssfattiher praddlding heorsbspbnding magnltu@slahance

nodel jhased upon the W ORAGALION And I\ £S5 Beach of thePRPEOYOLhAISERBAE

function of radi al ance"r eno
16 pick-up plates, respectively.
1 34. The contactless sheet resistance measurement
2 method of claim 27, wherein: |
3 - providing a means for generating the sheet
4 'resistancelg signal further comprises thé steps of: i)
5 generating an actual magnitude and phase according to
6 a prescribed sheet resistance' model, the sheet
7 resistance model based upon the propagation of the AC
8 photovoltage as a function of radial distance remote
9 from the point location, the prescribed model further
10 comprising first and second prescribed chafacteristic
11 - parameters; ii) estimating the first characteristic
12 parameter and the second characteristic parameter, the
13 estimated first characteristic parameter and the
14 estimated second characteristic parameter being
15 updatable in a prescribed manﬁer; iii) generating a
16, theoretical magnitude and phase according to the
i7 prescribed sheet resistance model, the estimated first
18 characteristic parameter, and the estimated second
19 characteristic parameter; iv) comparing the
.20 theoretical magnitudé and phase to the actual
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. —
St e —————— e e ———— - i n

9- , fromthe p0| nt Iocatlon the prescrl bed rmdel further 10
conprising first and second prescrlbed characteristic 11
paranmeters; ii) estimating the first characteristic 12———————paraneter

and the second characteristic paranmeter, the 13 _ flrst
characteristic paranmeter and the 14 esti rra”"iﬁzmﬂm!, u

characteristic paraneter being 15 updat abl e

manner; iii) generating a 16 t heoretical magnitude and phase
according to the 17 - prescribed sheet resistance nodel, the.
estimated first 18 characteristic parameter, and the estinated
second 249 26l | Skha ;nﬂﬁﬂgntsﬁd upbn H@ar thgoreithea30
t heor et cal nagnltude and. phage % e actual, I9 93-016

-43- 22 qﬂi@g’rﬁ‘%‘éﬁiea“ Bhaﬁﬁa &1ngh Putsigsh @ (ReSSthiBre: Fagger?

magni t gge and phase d¥ei rugh@utscﬁeaa pmegeriitheld r &g Zthase, iterativiels
actual _ magni tude and ratlve p. .
estimatdd first andqﬁa ¢&P acte ?grét.and secon& gﬁégggtggéStlc
repeati2%g iii) andlpd:amntbns audr@pﬁﬁéiung iii)” an@nsv), andewn) uswague
of  thg estimieogfirleddnt valup CNBEAC! Hes! | AN MELE'

juncti On capacitance, and the frequency eterm ne the sﬁeet
resi stdce in 29 CharaCt%ﬁiﬁﬁkEmEérﬂN?KQHua%ﬁ%sdPPEé&Qﬂuﬁﬁpiéstéﬂﬁﬁae

model . >3 35.  and tﬁecﬁﬂbaﬁbh%§st%haéhekﬂihétﬁﬂéesHBQQUfégEQEaHEEhQH 2
for neasuring the sheet resistance of a desir

of
first @8nductivity ﬁ&ﬂﬁé@aﬁﬁﬁhw&ﬁhUﬁaérPﬁ?ﬁﬁribed zheet r%E&EE?FEe “model.
conductivity substrat e, sai d nmet hod 5 conprising the steps
of: 6 a) st I_shi unt  of uncti
capaci t &nce of 3Phe junct@bﬁoﬂgﬁﬁggﬁsfhgﬂgggl?3ﬁl$g g?eéweasufemen %t?ﬁg
under | ygng substr at €oantepsariidigng-ree sihgetl r®sistance oﬁraﬂdnﬁimedolayee

under | trat gon ,
L Ternabing 11 8t 4 ghest, copduostliey OGRS Mpor BR.UnarfLgthg"

| ayer 12 | amosn@mnqudu@ts%%hat §Ub§ﬁ§a§ﬁ@t ovéaishe Heethgd
5 comprising the steps of:
6 a) establishing an amount of junction
7 capacitance of the junction between the desired layer
8 and the underlying substrate and providing a signal
9 indicative of the junction capacitance; _
10 b) generating a point location alternating
11 ' . current (AC) photovoltage between the desired layer
12 and the underlying substrate, the photovoltage having
13 a sinusoidal magnitude and frequency and furﬁher being
14~ : propagated radially outward from a point location
15 . along the desired layer by a resistive nature of the
16 - ' desired layer at an attenuation and phase shift, and
17 _ providing a signal indicative of the AC sinusoidal
18 frequency; _
19 c) monitoring the attenuation and phase shift of
20 ' the propagated AC photovoltage as a function of radial
21 distance remote from the point location, and providing
22 first and second output signals indicative of a first
23 | and a second monitored magnitude and phase at first
24 ' . and second radial distances, respecti#ely;
.25 ' ! d) positioning said attenuation and phase shift
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13 - a S|nu50|dai magni tude and frequency and further being 14
propagated radi‘al |y outward froma point |ocation 15 ~along the
desired layer by a resistive nature of the 16 ~desired layer at an

A nusobaar s T2 uency; 18”’“' T T = e
nmoni toring the attenuation and phase shift of 2 * ¢ theMprdpayat ed

AC photovol tage as a function of radial 21 di stance renote from

t he point |ocation, and providing 22 - first and second out put
signals indicative of a first 23 - ' and a second nonitored magnitude
and phagge at first afbmtormg medts s aflifilrst Poxitdan GeRPACkekohd

25 si tioni sai d at enuatlan and phase shjft
FI 9- 932716 Vpoditidn, 4k ?‘% sggond positigh, 8p r?éﬁ;r‘fg‘%ett\ﬁeeﬁ a
first @@ition and messcoethe?it p051tlon pandtlon t he second position

correspgnding to a 28 ‘ﬁﬁﬁﬁiﬁ S 9
e) pr%gldlng a means resaonélve e junc Q fé%%&nSEOQ '£6 the %F“Fgﬁg@
signal 30 the AC aqmmaﬂumﬂncqrwﬁ&ﬂm@¥.31the AC Skﬂ%ﬁﬁﬂdahndfrﬁquenCYt

and seggnd attenuat 'sqgnarid ahasen%anst and, séEbB& aﬁtGHéh*EJ.oBOSnd phase
generat|ng an out pu i ndi cative of a sheet

resist38ce [err] of Sﬁlﬁétdeﬁ-‘r‘ﬂfﬁ@ for generAtingccandi PRtRY: . asignal
prescrighed sheet rgsdstaRive3of a sheet”&*é%h.sthnce R360f the dé8ired

contactl ess sheet _resistance _npeasu od of ¢laim 35,
wher ei A% 3 layer §ﬁF8rdb8§|tF8n|ﬁg pg?ﬁﬁrlpgd r%@%%55|§%§1TEPn§94
prescrdbed change i modetal i bration attenuation and 5 phase shift
for establishing a desired air gap 6 . _ corresponding to the
measur enment position. FI9-93-016 - 45-
_ 1 36. The contactless sheet resistance measurement
2 method of claim 35, wherein:
3 said positioning step is responsive to a
4 prescribed change in a calibration attenuation and
5 phase shift for establishing a desired air gap
6 corresponding to the measurement position.
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