DEVI CE AND HANDLI NG SYSTEM FOR MEASUREMENT OF MOBI LI TY AND SHEET CHARGE
DENSI TY | N CONDUCTI VE SHEET MATERI ALS RELATED APPLI CATI ONS [ 0001] This
appl i cat iwo 20écai20m31t he benefit of U. S. Provisional PatemrCTApSploso28250n No.
60/ 659, 847, filed March 9, 2005, and is a continuation-in-part of
co-pending U.S. Patent Application Serial No. 10/915,877, filed August 11,
2004, both of which are hereby incorporated by reference herein in their
entireties. FIELD OF THE | NVENTI ON [ 0002] The invention relates to
nondestructive measurenment and mapping of materials, particularly using
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separ atel y hreasure e propéefties of multiple conducting Tayers in wafers

t hat cogipliciticnSdiial Apet@91%877, fAechAggusell £c200dnbathibf hich are bershys inoorpOHESdT)

waf er, which contajns a.two:dinmensional (2D) channel |ayer and a cap |ayer.

Ther ef Gy aetermge hersin HeBEUFHIEHE sheet resistance and nobility at
tenperatures | ower than 300 degrees Kelvin, such as at 77 degrees Kelvin,

in such existing systens in gigep GF THETRIFNTIONChannel -1 ayer nobility
relative to the conductance of the cap layer. These instrunents al so

require i r'(%’dbg?’ed T4 ihnfibh PHaRs %ﬁ%ﬁ&ﬁﬁctib@%ﬂur&ﬁ?ﬂt%ﬁﬁ trﬂa}ﬁﬁinthHgliﬁﬂtél‘%ﬂé for

measur ene sheet resistance nmobility are al so known. wever, ‘such
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reasur Eé\gée%%\gi\@al?%e %:sgnlglgoéﬁ\é%w‘a%s and flat panel displays.

BACKGROUND OF THE INVENTION

[0003]  Existing instruments that employ microwaves in the measurement of sheet
resistance in GaAs wafers employ an X-band waveguide configuration with a characteristic
impedance of 300 ohms which does not permit accurate measurement of wafers with thin cép
layers. Such instruments. are discussed in U.S. Patent No. 4,605,893, to Norman Braslau. One
disadvantage of these instruments is an inability to separately measure the properties of multiple
conducting layers in wafers that contain such layers, e.g. a high-electron-mobility transistor
(HEMT) wafer, which contains a two-dimensional (2D) channel layer and a cap layer.
Therefore, one must measure the sheet resistance and mobility at temperatures lower than 300
degrees Kelvin, such as at 77 degrees Kelvin, in such existing systems in order to increase the
channel-layer mobility relative to the conductance of the cap layer. These instruments also

require involved calibration procedures.

[0004]  Destructive techniques for measurement of sheet resistance and mobility are also
known. However, such techniques necessarily damage the wafers or other material being

measured.



[ 0005] A device for nondestructive neasurenent of nobility and sheet charge
density in sheet materials includes a m crowave source, a circular

wavegui dewoaodeé/@uesed to transnit microwaves received freoriuseoosiogsenaye
source to a conductive sheet material, such as a sem conductor wafer or
flat panel display, a first detector for receiving the forward m crowave
power, a second detector for detecting the m crowave power reflected from
the material, and a third detector for detecting the Hall effect power. A
circul ar wavegui de, carryi SgMMARY OF THBE INBENTION t er mi nated by the wafer

behi nd whj ch, at a distance of 1A wavelength, .a short is located., . .
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positioned to_ induce a magnetic field at the nmeasurenment |oqcation; a first
det ect tespeisi fgldisappiied. ghythistcopfigurpbome @ ghfeniipeidentdih nayare oheFIse Ve ce; a
second Lt - r i
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detector may be provided to detect magnetic Lj el d strength at

the .
measur EfrBpleriEaionts Berpendienlapigrihe fapenyewe apddiisican be gerar e]di@@cffgé’i’lfh Bned in
th i i i | f df id t
e mglfbtpeflfgblﬂ?%?ﬂﬁplj-a%' ng a planar surface recesse rom sai d noun

surfac sa el ng rotatable about an axis substantially
perpendi cul ar to the plane of said disc planar surface, and said disc
havi ng a [000€] t hdrdsvite fonindadnoeneent of mobilrig andsheetthavge density th conidectve
rotati Oﬁ’l s . . . . .
sheet materials includes a microwave source; a circular waveguide positioned to receive
microwave power from the microwave source; a mount adapted to position a sheet material item
at a measurement location to receive microwave power transmitted from the circular waveguide;
a magnet positioned to induce a magnetic field at the measurement location; a first detector
positioned to detect the power of the microwave power source; a second detector positionéd to
detect the power of the microwave power reflected from a sheet material item in the
measurement location; and a third detector positioned to detect a Hall effect microwave power.
A fourth detector may be provided to detect magnetic field strength at the measurement location.
The mount may have a surface and a disc positioned in the mount, said disc having a planar
surface recessed from said mount surface, said disc being rotatable about an axis substantially
perpendicular to the plane of said disc planar surface, and said disc having a bore therein, said

bore not being coaxial with said axis of rotation.

[0007] A method for measurement of mobility and sheet charge density in conductive
sheet materials includes generating microwave power; transmitting only the TE;; mode of the

generated microwave power successively to a sheet material sample; during the step of



[ 0007] A nethod for neasurenent of nobility and sheet charge density in
conductive sheet materials includes generating m crowave power;

transm t twogo@nl2yesihe TEL 1 node of the generated m crowavTASPEISOLS254
successively to a sheet material sanple; during the step oftransm ssion,
applying a magnetic field of selected intensities; detecting m crowave
field strength at a forward position; detecting mcrowave field strength
reflected fromeach of a conductive short and a sanp|e; detecting Hall
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positioned to induce a magnetic field at the test location, a first

det ectmicrowawkgioscr trahﬂnlp‘f@w@ronmald mecuﬁrovmmée the ends piffpcicr cap b§ &ayable

detector to detect t Cr Qua, eet
mat or | GHOVESRERR AT RO aRR AL BeRPT bt ekt TP a SRR
Hal | eff@Gth (HeGh@UEYE phaYIBH of THEQAGK mE%aﬂtéﬁfmﬁdI@ctitﬁpdﬂjhl@t@blﬁyﬁid&m: ey
further conprising a Second end-effector configured to engage the sheet
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of measurements on the sheet material item [ 001Q] A nount for sheet,
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rotator-lifter is also included for

[0009] The automatic handling system may further comprising a second end-effector

configured to engage the sheet material item, and a sheet resistance unit having first and second
oppositely disposed coils for measuring the sheet resistance of the sheet material item, wherein
the second end-effector is movably adjustable with respect to the sheet resistance unit to enable

the unit to take a plurality of measurements on the sheet material item.

[0010] A mount for sheet material is disclosed, comprising an end effector for engaging
an item of sheet material and moving it along a first axis, the end effector further configured to
be rotated about the first axis using a first servo motor. A rotator-lifter is also included for
engaging the item of sheet material and moving it along a second axis substantially perpendicular
to said first axis, the rotator-lifter further configured to rotate about the second axis using a
second servo motor, wherein the end effector and the rotator-lifter each comprises at least one

vacuum element for engaging an item of sheet material. The mount can further comprise an



engaging the itemof sheet material and noving it along a second axis
substantially perpendicular to said first axis, the rotator-lifter further
conf i gur esto200ar@bedt e about the second axis using a SecoORGTASROG/ORREOT ,
wherein the end effector and the rotator-lifter each conprises at |east one
vacuum el enent for engaging an item of sheet material. The nount can
further conprise anadjustable base being novable using a third servo notor,
the end effector being nounted on the adjustable base for novenent with

r especadjustebihibase beimganovableusing BiRITEeESTHPR thapndaticriqr bringurantedomthy Fi g.
1is a sch i ¢ di agram of .an raiu o jng to the invention. [0012]
Fig. jm$§ﬁgﬂg@ﬁ8ﬁﬂﬁP V%?%%Pg%fgﬁggﬁog%%§¥%§ﬁgﬁ%2cording to the invention
[0013] Fig. 3 is a view of a portion of an apparatus according to the
invention. [0014] Fig. 4 is a cross-section of the apparatus of Figure 3.

[0015] Fig. 5 is a vi elgRIERDESTRIFEITION &XVHE FIGURES e i nvention. [0016]
Figs. 5A, 5B, and 5C are views of a conponent of an, apparatus according to

the i nverlf0B. [Bigil]s aschematic diagram of dstapperapis aserdingria thesiBYeO8or di ng t o
the invention; [0018] Fig. 7 is a perspective view of an automatic wafer

handl i ng em £.qr | : t Ei RIS Fig. 8is
a perspec@ ?‘f/ie] viIE:a1 %?ES 16?%’2%@5%‘% %%PP g%%??ﬁg%stdggﬁgl ttgqﬁ%gg%%gr at us of
Figs. 1-5C, [0020] Fig. 9 is a detail view of the systemof Fig. 7,

i |1 ustrat[pars]varFigus issaeiterof aquptorerftan; app 802G jacEarding 10 thesnwendionai | vi ew of
an end effector of the systemof Fig. 7, engaged with a sheet materi al

item [O Fig. 11.is a detail view of the.end effector of Fig. 10 in a
r ot at ed %ﬂ‘ﬂl O%}?lg[%%?fOﬁ-ﬁpg&QO{@legp%?t&F Pfgig&ﬁ f the end effector and
sheet material itemof Fig. 10 in a test position;[0024] Fig. 13 is a

detai | vigmsf the, enth Gbwvesftaaappadius heRidifBtetheahventiom of Fig. 10 in a
post-testing position;

[0016]  Figs. 5A, 5B, and 5C are views of a component of an apparatus according to the

invention.
[0017]  Fig. 6 is a flowchart of software used according to the invention;

[0018]  Fig. 7 is a perspective view of an automatic wafer handling system for use with

the apparatus of Figs. 1-5C;

[0019] Fig. 8 is a perspective view of the system of Fig. 7, attached to the apparatus of
Figs. 1-5C;

[0020] Fig. 9 is a detail view of the system of Fig. 7, illustrating various system

components;

[0021]  Fig. 10 is a detail view of an end effector of the system of Fig. 7, engaged with a

sheet material item;
[0022]  Fig. 11 is a detail view of the end effector of Fig. 10 in a rotated position;

[0023] Fig. 12 is a detail view of the end effector and sheet material item of Fig. 10in a

test position;



[0025] Fig. 14 is a perspective view of the automatic wafer handling system
of Fig. 7, including a sheet resistance subsystem [0026] Fig. 15 is a
detai | viwe20ds/231sheet resistance subsystem of Fig. 14#cTfiB0@38l2436g. 16 is
a detail view of a sheet resistance nodul e of the subsystem of Fig. 14;
[0028] Fig. 17 is a detail view of an end effector of the sheet resistance
subsystem of Fig. 14 engaged with a sheet material itemto be tested;

[0029] Fig. 18 is a detail view of the end effector and sheet material item
of Fig. 1M024nf i Bigr &3lis axdefail wisw qfshe endofientariand sheeb mefeaiaf itpraoif §1g]0dn 2

nodul e; 5[(?05% Fiiﬁ? 19 is a detail view of the end effector and sheet
materi%cf TEehe 8P° I@ 14 in a post-testing position. DETAI LED DESCRI PTI ON

[ 0031] The present invention includes an apparatus and net hod for

measur emej0025)f shiel4 isespairoties vied dhleeiutanatigwafte hadlipgispstemofdonduct i ve
material s. The device includes a m crowave source, that has an out put

coupl elrchiding adhpelgasisanceonPFti®t i on in which a small anount of the

i ncident wave is diverted, and the greater portion of the incident wave is
transni tt[‘aﬂzﬂ' ONgig: IR DALEBRER of FREsHERI &si@faﬁé@éhbh%téiﬁ%l: 1140 a circul ar
wavegui de. The circul ar waveguide transmts only the TEl1(transverse
electric 1, 1) node of the mcrowave power. The circul ar wavegui de receives
power at [A27Int eFizat@is adetaibviepuafs: shestaesistencs mednle ot subsysiemmef Hgnidunt

for supporting either a conductive test item such as a short, or a wafer

2 magnet i HOFe) o 17 G dseb] PPt R ool RS o BRIl e MO P 100

t he calfuhabb®Wwitfa shb&ahatéred iigtrofode tésie;sheet charge density in a nethod
and apparatus of the invention. A detector is provided to detect the total

m crowave power output. A second detecior is provided to detect. th
strengt h 9023 coﬁ\gegg Isongatal} wiewerdithe enibgfeectas apf shech matesl HmeggFilg)ﬁas t he

| ol degbtifierind bbb IFhARORC L foREaKARMnARL ot a seoond refl ot ed

wave havi a polarizatron opposite to that of .the incident wave. There is
preferably provided a Hall effect probe to detect this rotated reflected
wave, whi[@03@fr obEig. $9 & eddtail i of thoeapl effectar aad dhect vtatarizhitemad Figrl4 iThe

di verted portion .of the incident wave, after
post-testing position.

DETAILED DESCRIPTION.

[0031]  The present invention includes an apparatus and method for measurement of sheet
resistance and sheet charge density in semiconductive materials. The device includes a
microwave source, that has an output coupled to a waveguide configuration in which a small
amount of the incident wave is diverted, and the greater portion of the incident wave is
transmitted along a main branch. The main branch is coupled to a circular waveguide. The
circular waveguide transmits only the TE;;(transverse electric 1, 1) mode of the microwave
power. The circular waveguide receives power at an interface, and outputs power to a test region
having a mount for supporting either a conductive test item, such as a short, or a wafer or other
conductive sheet item to be tested. A magnet is provided to apply a magnetic field at the test
region. At least four values are detected in the calculation of sheet resistance and sheet charge
density in a method and apparatus of the invention. A detector is provided to detect the total
microwave power output. A second detector is provided to detect the strength of a conventional

reflected wave in the same polarization as the incident wave. A third detector is provided to



passi ng through a variable attenuator and variabl e phase shifter, is also
coupled to this Hall directional coupler, in order to elimnate by

dest ruct iwe 200w@0d3@r ences any spurious incident signal a&cTtastesdegsct or.
The Hall directional coupler is then coupled to a detector. A fourth
detector detects the magnetic field strength. [0032] Figures 1 and 2 depict
schematically the conponents of an apparatus 10 in accordance with the

i nvention. Apparatus 10 includes m crowave source nodul e 15 which nm

provi dietent ersoveadasiidssed ey ehavinepplarjzasipn apprpite 1@ thaf-p! thy inqidsmg Haye-nEhere
frequenci -j | £ :

orot oyadrsrBRmP SogTE e Rfrect REREXUMECE uy MES AGREPRIL I 15
bei ng dleatiedly apledeo Adiduttionkbeompyeri Mht dilertad fowtion df debencitient veasvangftee, and

ot her sources nmay be_ enpl oyed. Source. nodul e 15 includes e [m.cr.onave
sour cebasging surenstha variabimaitcapggeand yarishle Rhagg %fdlstaés‘)nc@é}ﬂtegft%mlﬂmﬁ?ti ng a
smal | ] rwar g: t i 4al: | :

hase SRRl dihplblif bPE! ApUEhy st a0 aR) Rl R PR e
to a sitdeidafesseedy. Mhy Hadl dieoidred cQupler iStheplconpl2d fo adgtedier. Adouréxdetplter, a
cross gui de _coupl er, algd mag/t be nore specifically by way of exanple a 20QdB
Cross ‘g‘?ﬁ?‘-‘(ﬁ%th@@ﬂ?pﬂnéﬁlc Beldstrgngthct i onal coupler. Directional coupler 2 1 is
coupl ed to side branch 22, discussed below. The majority of the power

out put byo§9Hr Ceribfirds3 maYiepett ke EiRaIGPMB lcBMpenehtd 6f 7 HPaAAE 1iihect i onal
coupl er 210. "Second directional coupler 210 provides a portion of the power
t o f oravsodlapeawwith thetiovension] dppSatsnd idrlndes msreivavesapicemattide Hayhish n2ayl 0dB
coupl er. Second diregcti.onal. coupl ef .21 uts, th [ority of t ower
C b bugHOX A By bfad S8 5T o QP $maufs R Rcalheisab s or
ot her gihlbo&l. eFsiesh@iplel RighbreY@fendiey @by be eRpRIysE W&1abld Nsradlka htdabigehntl r om
entering source 15. A second isolator may be used in series with isol ator

17. [ cosspn feewafeveraheritest beingtssterdo Sovrce mppsluieolimpy insdidsra Gensdigde, 4etanch

22 | d, I I | ' : Lot
22 e BB AR T BB B DS Sl ShAT8L YRR ol R B
conput g3, sGeid DGt diods, vllitieisadoupled ad areaddbfoa diveingengdl] woation of thedorvaird abl e

phase shifter 40 in order to produce a ver%esmall signal, of the proper
phase Rver te afidsdranshdon asteppationgnd phasedhranche Themmeans fqrghiveriing & syak goxtipa

Hal | e&f it ?orWaP(pﬁoviJQ th Q%icﬁ%?ﬁﬂ;ﬁqnﬂf bPcoupler 21. Coupler 21 may be, for example, a

cross guide coupler, and may be more specifically by way of example a 20dB cross guide

coupler or a directional coupler. Directional coupler 21 is coupled to side branch 22, discussed
below. The majority of the power output by source 16 is coupled through coupler 21 to a second
directional coupler 210. Second directional coupler 210 provides a portion of the power to
forward power detector 18. Second directional coupler 210 may be a 10dB coupler. Second
directional coupler 210 outputs the majority of the power through a waveguide to isolator 17.
Isolator 17 may be of conventional or other suitable design to prevent power from elsewhere in

apparatus 10 from entering source 15. A second isolator may be used in series with isolator 17.

[0033] The diversion of a portion of the forward power to side branch 22 is used in
properly balancing the .Hall effect probe to zero in the ébsence of an applied magnetic field. The
side branch 22 has a single computer controlled variable attenuator 35 and computer controlled
variable phase shifter 40 in order to produce a very small signal of the proper phase that can be
used to make an ultra-fine correlation in zeroing the Hall effect probe in the absence of a

magnetic field. As the variable attenuator 35 and variable phase shifter 40 are preferably-



magnetic field. As the variable attenuator 35 and vari abl e phase shifter 40
are preferabl yconputer controlled, adjustnents are facilitated. It wll be
under st ooslot2b@t02063m pri nci pl e, the variabl e attenuator aod/yshasesbifter
could be manual |y adjustable. [0034] The main output of coupler 21 will be
referred to as main branch 24. Miin branch 24 preferably has a wavegui de
for transm ssion of mcrowave power to transition 25. Min branch 24 may

i ncl ude conventional rectangul ar wavegui de 20. As shown in Fi
r ef | eceampyierwentroked edigstnzats ase Ssditpte nItﬁﬁﬂlrbemﬂéﬁréWOQAhatRéfﬂr’é‘E‘ﬂ’éfd theower

det ect or r ted fromtransition 25

t owar d” asrlgéf gte&%a &i:?n?j}p% ?V\%\{p%vcv(eg\rﬁ\ﬁ et e%&ll&fgag%gct s power reflected from
test itens back into nmain branch 24. Directional coupler 220, in nain
branch 24063 colid mduimltplnmfceupl& Hnwlill bearesirteddo aQt‘n,airdlbnandt% rMhinect ed
power from pain_br anilh 24 to r ected ower det ect or $003 A%Mr;ot ed
above, bTangl} $4pretgratiy éig%lf”&@eg‘% BV?]EPé’b‘ %%Pf’f“&ﬁ‘i%‘ﬁa‘fed’or"%é i

power %RE d it Pigpb ed
t hr ouglglr coup é{{fﬁm%§ rrgo%{,%ﬁ{anc e&bﬁ sou eﬁggb %bsﬁggbr?t% ] Op{%p
rect arn@ﬂleeted paw egdsteteor2X is shavaw mehn\hranch e Refflecked pawsi ddteators deteats

circul ar wavegui de 50. Crcul ar. wavegui.de. 50 is.a cyl] ical wavegui de
with JETPWATEROVS bewmedrnsmyizd fgm HG‘?%?OW@@&@F%O‘%%E $ g‘%‘%ﬁﬁ %eél PPXY the TE
mode Ofieit sy M@écts }%v(/éi*ﬂeﬁécté’@ff@rﬂ‘iés@ﬁeﬂngbw ﬁfdamgﬁ Brénchoup | Sigectionali r cul ar
wavegui de 50, shown, for exanple, in Figure 2. The coupling of the circular

vvaveguum@lﬁaZD,anmnbmnpbaéland\,amggftﬂ igson@efisnd enguen BY.atiwdtsgeflestad |y to
mnimze reflectio d of n th. The calibration procedure
i s setPF¥Ft %g}a%ﬁra&q}%%f ﬂﬁ%@‘iﬁ%f'?fedeg‘?f‘ ?%m)unt ed on interface 25
perpendi cular to the I ong axis of conventional waveguide 20. The

cal i br at i |go3spy ke nefctiebbws] alkitcadt watdpmide 1@f>rdvit&d@f@sitibn@moq%ceﬁvar cul ar
wavegui de 25 along its Iong axis relative to interface, 25.

In
enbodi mrEsTOW A RAAT dFomnenraef | W eSmuificall st WaKegUide Thissorpled thzsughA

el r ou! gl 35 36 PlatSh TR solfed 15, REGERShel RolBEwbP M Bhidk AR iEd

r ot at es |rcuI ar ‘wavegur de e ro atlr o circul ar

waveguvide rﬁﬁcmwdaglt@djzuShtechrc{lla,f)%]/eg%ldaﬂmtclaﬁllar&vaazregmdel 6d id ocylnldgical
sanpl e of sheet. material at a neasurenent |ocation where m crowave power
t r ansniVEYeeyderBith @ FECHan Eofsasectirtl deilif i Wy eguide 66 diapgnits gy the TE( mode of

the power. Circular waveguide interface 25 is coupled to circular waveguide 50, shown, for

example, in Figure 2. The coupling of the circular waveguide 50 to conventional waveguide 20
must be calibrated carefully to minimize reflection and loss of signal strength. The calibration
procedure is set forth below. Circular waveguide 50 is mounted on interface 25 perpendicular to
the long axis of conventional waveguide 20. The calibration may be effected by adjustment of
the position of circular waveguide 25 along its long axis relative to interface 25. In one
embodiment, circular waveguide 50 is mounted on the interface 25. A circular waveguide
adjustment 55 is provided in the form of a handle that rotates circular waveguide 50, so that the

rotational position of circular waveguide 50 may be adjusted.

[0036] A mount 60 is provided to hold a sample of sheet material at a measurement
location where microwave power transmitted from the circular waveguide 50 is received. The
sample may be a wafer or other semiconductive test material 59. A moving short 65 is provided
on the opposite side of the wafer or other material from the opening of circular waveguide 50.

The moving short 65 will be placed % wavelength from the wafer or other material. Moving



sanple may be a wafer or other sem conductive test material 59. A noving
short 65 is provided on the opposite side of the wafer or other nateri al
fromthe wpeniengossi circul ar wavegui de 50. The novi ng slportuséisiond2bs be

pl aced 1A wavel ength fromthe wafer or other material. Mpvingshort 65 may
be in the formof a polished netal plug. Mving short 65 is nounted in
nmount 60, which may be in the formof a vacuum chuck.. Munt 60 is adapted
to hold a wafer or other material in sheet format an end of circular

wav egustiet Gomeppodi the foum pha polished n&al piugy iMgvigashart 65 i moynted/ingaeunt$i de

of nount.60 and is, capable of bei i ti.oned precisel Mount an nove
el ati Didhge s RRERGLTwa B e el v NE5° aBe ddiele o X3Sy R

wav eguifdeerialintiheet ToMh BOarS & 61 Boulal MABGuidd SRbokiRs to ihrrfaee 25. MavEhg siedrect or
18, is positioned in source nodule 15 to detect the forward power. As noted

above, 6aisgirpeided misie of oagsme 60 aodisicapahde Pt besrepositioned iprediselih diovat eags t o
direct_reflect ' : : T,
et ect BT aLEde BB ASARNTS0 h Qu G A0i0G: ¢ gop DB MR BRI

power . midaddg shbABe. 70 is inserted in circular waveguide 50 positioned to
detect Hall effect m crowave power reflected frommaterial positioned in
the vacuum chuck. Hall probe 70 nay. be | ocated at vari et f. pasitions
wi thin ci088Ylar Redeitsioraforygrd m‘rﬂé@rﬁaiept%ﬁ&éépf’%a@ méemﬁsﬁéﬁw j igdetect
per pengj Gk e =T i Qf . Welcy t: i el ow,
t he cafﬂlebr at |r%%1)8‘2{%1Itd'1 f“ﬁgﬁ"?\% a%?g%%gh sn%;g)trl%ﬂ\}?a%lgﬁ%rﬁ%? 1So yg?%eé%rﬁgr}a?&glf%ﬁgg%zppomr
i s det scae dingctHallbctedimabenvOpowdrG0dskctoall. Photedlezied pswendgtaed bhr ough
coaxi al, line_ 75 tg an input. of directiongl .coupler 80. 'recti,P l. cougl er

|
80 may AECIGT S0RuHbe e P aFZANOB GRSl R R ISTAVE DT ok ERIgROR ) Rripserte
passi ng, éiﬂ:ﬁ%‘%v&%%d@gé ﬁaﬁ%ﬁd t9 Qe AR i WAV O PEREr rBhbdtéEirom! S

connected to an input of directional coupler 80. The output of directional
coupl ema8fial posttionet éul theovaekith chietke dall probe 7T hmydwllpdated dtarvapetyod positians

d i bed. bel ow, i, that .t 11 d t Qr .95 det ect I

ot ng it sBvRiAESh o A Bel S porfEb S iated PRgFItp TR BN«

pover gehRsdtRE d¥hdHatidestoh et Ns ARuksedtRibw, i daldbdtRatanR dBAg pRCbRCt ed from
a sanple. [0039] Details of an exenplary enbodi nent of the transition,

ci r cul provigey dupt oy, the\Hall reblgett powier is tasbyidelt deteetdr 9Fi gure 3 is an
isonetric view, with partial cutaway, of interface

[0038]  Hall probe 70 is coupled through coaxial line 75 to an input of directional coupler
80. Directional coupler 80 may be a 20 dB directional coupler. The output of branch 22, after
passing through the attenuator module and variable phase shifter, is connected to an input of
directional coupler 80. The output of directional coupler 80 is coupled to Hall detector 95. The
calibration process, as described below, provides that the Hall detectér 95 detects only power
having a polarization perpendicular to that of the forward power. This power detected by Hall

detector 95 is thus Hall effect power reflected from a sample.

[0039]  Details of an exemplary embodiment of the transition, circular waveguide, and
mount will now be described. Figure 3 is an isometric view, with partial cutaway, of interface
25. Figure 4 is a sectional view along line 4-4 of Fig. 3. Interface 25 has a primary rectangular |
chamber 100 coupled at one end thereof to conventional waveguide 20. On an upper side of
rectangular chamber 100 an aperture is provided to which circular waveguide 50 is attached.
Interior to interface 25, opposite to conventional waveguide 20, there is provided a beam stop

115 completely filling an opening, and having a tapered face, preferably at an angle of 30



25. Figure 4 is a sectional viewalong line 4-4 of Fig. 3. Interface 25 has
a primary rectangul ar chanber 100 coupled at one end thereof to
convent i onel2oveeegui de 20. On an upper side of rectangulper/ushesies2s400 an
aperture is provided to which circular waveguide 50 is attached. Interior
to interface 25, opposite to conventional waveguide 20, there is provided a
beam stop 115 conpletely filling an openi ng, and having a tapered face,

preferably at an angle of 30degrees to vertical, at 120. It wll be
appr eciegresd t¢ Merticilnatek20adewilbbaranpresiatad that ingerfasy 26 meryebegnodified by these RE ar t

by al ternatjve desi.gns.to m.nim I I i ace

pet nect it e SRR B alsfe o5 ith AREobE A ey R, BENRERCS
it maycikelgefvebiiat 50 ah€ bbfenibns gav cenidd20. Nkl Rige S-4 ipmapbe fdeaniye cirbzlant an
upper end thereof which has therein an openi n%ilfor v@iu'pr obe at, 110. A Hall

probe Yayegyide S9sneludes aprobs flangetloft apugeirend thegeof wehighhis hereHed RENHg an
exenpl ary ar ter] i I r egui de 50, hol der or nount 60,
and re °ét%é’6°‘5ee%e??rg§§rgy}lﬁgﬂ &g@%ﬁ%ﬁrﬁg} Yvf?%unt 60 serves to position a
sheet material itemto receive mcrowave power fromcircular wavegui de 50.
Convent i oj0a#0]wavEBguicd®is20sidsviswalepicting ph exerbplaiyremngeamentdscluding enrfdee 25 i s

h led t i | jde 50. Probe, fl 7, | t t d
of o1 B S KGRaAFs B BRI O B s P b ST G o P Bt o0 Sl e
hol dertoq%ﬁitio o et LB Qfitetn WAL HEGKave (R RoslIbiednl f0vdvegsidPBor t ed by

an arm ich 1s chuck holder 62. Chuck hol'der 62 is supported by
adj ust @bheensionawsavtgdide 20 25 shohmroobyled ¢ miterfacn gS adiitefacesiftis showmeoypdsst toi on

of vacuum chuck 6Q i es. re 121, 122_.are.support.ed.@gn bridge
Toa, wHTeHEEerade £ B e ey | ib dreid b R r OB pug SEgpri©T 2
may bethBrCQMIIB f80k0 HkeSFRELYS, 1LSpPoRitd BElU&S50, REthE FaRS b4 vATuuAvhuvk bvati@ns in
bridge 124 it w |l be understood that other configurations may be enpl oyed
for thesk$0tis supipagedby bokger wisich issthack beldendZ i Clauskdroldeavé gusupponred by 0041]

Ref erri t.q Fig. xanpl e of..a | der i h ;| IS e a

poSi ti%ﬁﬁﬁ@bq? is‘ff?ﬁ' P Z%d%ar ﬁ‘e]fe é’te’énﬁliﬁ)lpaw%ﬁlﬁ;?‘@antooﬁt% @%@éonﬁia%? 121u&;&e 08 has
t her ei fivaxeg! 8t@RIse2d] B2 &8 4upoted an Gyilpe U24, edlicH RiBHUFadRsEBlypacittddared of f
center. Disc 504 can be described as an eccentric slug in fixture 500. More

par t i cehosyn af,126; 3a6urSpriogd 23 asayebeprpvided o exrewig? dp redsicy tisdraapiey oamanar ,  and
disc S98DA% th StidA%8. 10%m WhhiildisiBbh R ShABhaARSRRE b LRFLIRHR the

surfac
positioning of holder 60 relative to circular waveguide 50.

[0041] Referring to Fig. 5A, an example of a holder is shown. In this example, a
positioning fixture 500 is rotatably mounted on a base 502. Fixture 500 has therein a rotatable
disé 504 with a cylindrical through bore positioned off center. Disc 504 can be described as an
eccentric slug in fixture 500. More particularly, fixture 500 has a surface 501, which is generally
planar, and disc 504 has a surface 505, which may be planar and raised from mount surface 501.
Mount surface 501 and disc surface 505 may be parallel. Disc 504 is rotatable about an axis
substantially perpendicular to the plane of mount surface 501. Bore 506, which may define a
right circular cylinder, is not coaxial with the axis of rotation of disc 504. Rotation of disc 504
adjusts the position of the bore 506 relative to base 502, effectively permitting adjustment of
bore 506 in the vertical direction. Bore 506 defines the portion of a wafer or other material fixed
on fixture 500 exposed to the output of circular waveguide 50. Rotation of disc 504 permits
vertical adjustment, which combined with horizontal adjustment using screw 520 as described

below, provides for alignment with waveguide 50. Fixture 500 may be a vacuum fixture or



Mount surface 501 and disc surface 505 nmay be parallel. Disc 504 is

rot at abl e about an axis substantially perpendicular to the plane of nount
surface 590.20801e63506, whi ch may define a right circul arceystovders2si s not
coaxial with the axis of rotation of disc 504. Rotation of disc 504 adjusts
the position of the bore 506 relative to base 502, effectively permtting
adj ustnent of bore 506 in the vertical direction. Bore 506 defines the
portion of a wafer or other material fixed on fixture 500 exposed to the
out put véeuwn ehufkahavipg aguiteréorsbamiah iqvp Aressure pad salh beyss terain (e fix meggrial

adj ust i b ned. i I, | I I i r S
descri @gh%g%t?h%%\“%@gs opgg?%agﬁ%ﬁph%t@qggéégﬁ%g&go@ﬁlg?f%tsﬁp(éé Oeamay
be a vamplogetitsove fxvac00mn adili@k of pesitieng an interior chanber at |ow
pressure and small bores therein to fix material on the fixture.

i d X h h - 07. dl 0 b
orpt oyed LM4300e Hrxitre s 8 oelPhERemic O beg0p by Groel 1050 570 BHAAR S5O | <
r ot at abl oy, fIRKRHh &IPS AADPesTA 2aibl MonfR SEL50W wiieh W ﬁ%d@ﬁ%&%ﬁé b8 ys%fzs haf t

ext ends through bores in raised nounts 522, 524, which are rigid i xed to
base 50Rustbeaningsnd beampregsiom sprangoad mpruas §24imold fixiturg 580 implact. S2ew K20 d

fixt 500 i I . .S 5 th d i t.522,
that - r GPEREeS A TP Bogohahoee Pl Aanafieh Of Rarusg0 gisbes fhe e hitgty °°
adj ust pReAhit@ig filCadi@Rnbh T thE pddiforPOthé hOMidHEng Fixdurd B d Kbrdoh@I hgontal axis.

In operation, the position of the fixture is adjusted by adjustnent of both
screw Speratiog thepeditien of the fizoue isradjustedry ddjystmens of Sor sspryy 530 pukiutingidide

he fi , hen be | ocked,i . | i.gidly fixed
bace 5ant D08 ke EPpaR NS0, Pl 86T, a0l B BadkeRudb et vt ian
appr oxispe} tyrigian figad todesd 502, Bfe@@ﬁ@lkﬁaﬁdﬁ sfReuReoonRgoa hlcdd@icdPRntof arm

530 receives a c%/l indrical knob 507 on an edge of fixture 500. Referring to
Fi g. 5Bn fnpkeximatelpermiscydingdupal caneave pwdasq defingshenr Bngasi$3R opaam 63Qreceivenat he

opposi t.ey:Si 043} f [ h. - .5 IS, di ¢hded. i nt g

st at i otrtfglr@dr%?r ﬁ%ﬂ@ﬁﬁ'ﬁl n‘g{g[grt?\q/} géfuge g%(?'t lﬁ%%“gl%% 8 %(%‘ %én iﬁz(ﬂlr? |gt>)<(§j (relowgdn A
nmount edlosbdbundpeeatipmal pasitidiZomsheappabitesidel ative to stationary portion 540
perpendi cular to the axis of screw 520, thereby permtting adjustnent of

e P A e S8, e e W e R 52

wav eguipdRion®42on Which HIRRB0IB M mouliRE. Mbvable portion 542 is movable relative to
stationary portion 540 perpendicular to the axis of screw 520, thereby permitting adjustment of
the position of fixture 500 so as to adjust the gap between fixture 500 (and hence any sample
mounted thereon) and the opening of circular waveguide 50. In this embodiment, mating
grooves 543 and rails 544, and mating pins 548 and bores 549, permit édjustment of movable
portion 542 in only one direction. A threaded pin 550 has a head 551 which engages a surface of
movable portion 542; body 552 of pin 550 traverses a smooth bore 554 in movable portion 542
and engages a threaded bore 556 in stationary portion 540. A constant separation is further
maintained by providing a device to urge movable portion 542 to the maximum separation
permitted by the position of pin 550. An example is shown as coil spring 558, which engages
surfaces of movable portion 542 and stationary portion 540. Any suitable substitute for coil

spring 558 may be employed.

[0044]  Referring again to Fig. 5, Figure 5 also shows generally the position of magnet
130 which provides the necessary magnetic field. The magnetic field is applied perpendicular to
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grooves 543 and rails 544, and mating pins 548 and bores 549, permt

adj ust nrent of novable portion 542 in only one direction. A threaded pin 550
has a heawlo2bds/02bé3¢h engages a surface of novabl e porti eoThs2005hegdys 552 of
pin 550 traverses a snmooth bore 554 in novable portion 542 and engages a

t hreaded bore 556 in stationary portion 540. A constant separation is
further nmaintained by providing a device to urge novable portion 542 to the
maxi num separation permtted b&sthe position of pin 550. An e le is

xa
shown ths pdasielof ¢y Waigr es@herfample anlpdefsths loerdsOlgrIcHy 3BV esds 21 oh'S42 and
crmpl oybat &S00 oF Rt Py AP A AP PP B defhdn ARG e PRI 18 3 EY °
t he p;)_mieu??@n logér_dmyn ekltiu 113611evunﬂ. (ﬂmdlpxrtali/bde?', inmmt h erefaampleathp mmh Bﬁ? ﬁeldfsitleh%tﬁ The
magnetic fie i s _applied perpendjc r tothe plane . er. or other
sanpl eatdhe Wafes 95 othse tprg pgsigigned ‘é‘fth"c H‘P@?ﬂ 13 rdem oth H’elcbg‘é orﬁiﬂéﬁeﬁe‘g PEIPSET Y one
or nore suitable magnets to provide the desired magnetic field strength is
W thin theolsyel ThE célﬁ?ét%&a)ﬁd%&ﬁaltioh @f%ﬂa%ﬁaaﬁatus/eﬁlmﬁm dshR¥sd, iThiP&Rire
exanpl e, the magnetic field strength at the wafer or other item positioned
i Nt heplootgenay s chesed aitlay ragm tempb@itGeo Roonylemperatire iiansisssteod to[igdud 2 The

librati d tion th 1] be, d d., Thi
ent | 1 e 9006 CEmAR IS AL SR DTt TR PGP LR e R R P | s
ggcr:?gf%eg@l%ﬁ%%,k%lﬂ getha boARgSeBperhRPPSS 1Rfulid BFrodbn WHHtSBsEHAAR PSesBBY. Power

Room t enpér ature excludes | ow tenperatures, such as the
boi | i nmeteesprempatiarablyodonneaied @ the Habgletectar cahlpmrmmpnpitios fprvesd pewer Ipeation,

For war BRORRIECIDERt L Irc i A pracridn PR BiaRles TP nfpsilet MBI, )

provi dg@eoh&id Ras U Eninbridl Aekss With F232he IRBBRASE bas Eoehiniceiemere bafferalyer s
with RS232 or | EEE 488 bus communi cations are preferably used. A short 58,

such aused. dothartSi8asush as 6,8kl plaisd ceppepcodied PE, bopkd, i placed awvihe MecupaedwsK chuck
and positioned. .T ter j . (W ' '

ncr oot en, B ERTPURE oM BieritaH ASTHRLPLS RIMISEER o el

adj ust €He posifbi af the BirtulsLwaR@WRE 58tis bfjubted 8t cithiamidimundbolver axtiall dsteaigr t he
Hal | detector power neter, the conputer controlled attenuation adjustnent

35 i s PheNhilsjmenitgingiheHal dpegtonpewerdaneten theconguiey copoliestasisnestiofos t war e,
bri - W | h .
to bri g}g#ﬁ%@%@g tggly;f%ﬁ% ggaggrabl%moﬂﬁﬁaﬁyﬁaﬂg e HAPutRshRGRNBMing

adj ust st
detected power to a minimum. The computer controlled phase adjustment 40 is then adjusted,

preferably automatically using the computer software, to obtain a minimum on the Hall detected
power. The attenuation adjustment and phase adjustment are automatically adjusted using the
computer software, to obtain a minimum here. The Hall detector power, forward detector power,
and reflected detector power are recorded. The short is removed and replaced with the sample to
be checked. The short tuning adjustment 65 of the vacuum chuck position is adjusted to obtain a
minimum reflected power. The circular waveguide adjustment 55, attenuation adjustment 35 and
phase adjustment 40 are all adjusted for a minimum on the Hall detector. The three powers are
then recorded for O magnetic field, and then at successive incrementally greater magnetic field
strengths. The field strength ranges from 0-9 kG as a minimum. Preferably, the magnetic field
is automatically varied using computer software that controls the magnet power supply to obtain
the desired magnetic field. In principle, with further developmeﬁts, significantly lower magnetic
field strengths could be used in accordance with the method. The number of magnetic field
values and the spacing between magnetic field values can be optimized to maximize analysis

accuracy.
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preferably automatically using the conputer software, to obtain a mninmum
on the Hall detected power. The attenuation adjustnent and phase adj ust nent
are aut ormbi2eedd2yszadj ust ed usi ng the conput er software, pro/usbdogiors2s4 m ni num
here. The Hall detector power, forward detector power, and reflected
detector power are recorded. The short is renoved and replaced with the
sanple to be checked. The short tuning adjustnment 65 of the vacuum chuck

position is adjusted to obtain a mnimum.oreflecte ower. The circul ar

wavegui del08dfList Fbpdazre ther ERerRTGteshioANaia %Htty,§e§§$%£381yﬂ§¥1 nt 40

are all_adju for { rs
regg?ﬁgg%%%%n ) R@fe%rﬁ% W (?,, Qx?ob@rlvﬁvp@fttﬁg\gﬁwarg oblaee. pave are

then re or nagne and then at successive increnentally
gr eat egoftRgs eidytbelvgiteh o b pagbhs cofipatef usihg as IntelRpnhiumanrgempitibimchipRsieG as

i ni Preferably, the tic fieldi i cal | ied. usi
TS S S RS S Y
desi red igﬁltgﬁt;g& ondrhify B biobic BOO. "HohirG m¥i16, dos! sk orlPApuRRIRH U control

signific ower ‘negneti c strengt’hs cou e used in accordance
wi th t hedokt Adds mbtele neoebes sighalydignethie defactorsinthe eprsiratnsideshmabeshaboive gnd

bet ween magnetic field valyes can be optim zed t imze . analysis

accur auaty @g‘ﬁjvaﬁ*ﬂl@e&} #s¢ Sh T ?ﬁ‘iﬁﬁqnﬁ?@gﬁ}oﬁlﬁe St%e%o%?tﬁ? Pagig ﬁ%‘?%‘?wﬁvﬁget
char 9?s1%ﬁ£!§ by EBNDP e Bbtebifst; FHANEE PoRRF 1RSI onRETCH SHotGardOWaFegUR efldtedan
overview of the software is provided. The software may be witten for a

per sonRbwendgsedton of SlurthoatrendriVefer;Pad Vagnetie Feddrbengih detesfiqn. gshoge pigbdlessor ,

and the DOS ar, Wndows oper.atin stens., The hardware ; I
Sbove. RS HARHLIRLED BENET SrP Ly AP cBRust e mear it S G G B LHERel

si gnal n[g &st dudin@Rudsardm e B loatpul NDBace el Roriadcat vequitdghal s from
the detectors in the apparatus described above and controls the variable
phase seir¢spendiagdokiagednpritvetucparpiassedoniethe SignalieoripigiivatMode 61 @&y ved
signal§ re. Hall Power detection; Forward Power detection of Cu Short and
vafer; q BEYEEF ower detection of Cu Short and Wafer; and Magnetic Field
Strength detection. Those signals are passed through power anplifiers

and/ or supmaiipt Segel vetdation raodile§10 tecdivgs inplitsdomy éretségrml aciphisitiatuineddes

obtai ns val ues fromthe digital output. Once these signal.s e acquired the
cor r es B aF FRY POt ¥jdgrs pthicss ¥oliagss éﬁcénlﬁiﬁé%t@(?&%%lﬂﬁlﬁst t%Pdsi&’FS B erht i on

Modul e BdiQed B st Hfils sBipqS §$74iB8forward correlation.

[0048]  The output of the signal correlation module 610 is received by the transformation
module 615. The transformation module converts the output to Sigma Output file structure 625
which is then read by the Mobility Spectral Analysis Module 630. The Sigma Output file is
composed of 14 lines of general test information, typically including the sample name, date, and
similar information, followed by a line containing the sample thickness, followed by a line for
each magnetic field at which Hall data was collected. Each of these data lines contain tab-
separated entries for the magnetic field, Sigma XX, SD_XX, Sigma_XY, and SD_XY, where
SD XX and SD_XY are the standard deviations for the Sigma_XX and Sigma_XY values,
respectively. All entries are in MKSA units, i.e. thickness in meters, magnetic field in Tesla, and
conductivities in Siemens/meter. This file is used as input for the Mobility Spectral Analysis
Module in order to obtain the final mobility values and sheet charge densities. This module is
composed of two sepafate program dynamic link libraries, which perform a variety of
mathematical calculations in order to analyze magnetic field-dependent Hall data. These

modules read input data from the Sigma Output file and generate a mobility spectrum output file
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[0047] Signal correlation nodule 610 receives inputs fromthe signal

acqui sition nodul e 605 as raw i nput vol tages. These voltages are input into
al gori t hmwot2ooea2badiin val ues in correct engineering unit®CTs2@592Ep4i S a
straightforward correl ati on. [0048] The output of the signal correlation
nodul e 610 is received by the transformation nodul e 615. The transformation
nodul e converts the output to Signa Qutput file structure 625 which is then
read by the Mbility Spectral Analysis Mdule 630. The Sigma CQutput file is
conpos é35 whichin¢lndesss mpbidignepeatrumerhost ptakseditaie thetpypdeoed Pidipatete galiriey t he

sanmpl e,_nane, ., d . and_ si.m inf.ormation. foll a line nt ai_ni ng
ho” sahprnaihf Slia Mo ST blepobhidh PRI g Bt RRER it te/ S SnER AR O
Hal | daémsityasluedfdraée@arrierefpeef these data |ines contain tabseparated
entries for the magnetic field, Sigma XX, SD XX, Sigma_ XY, and SD XY, where
SD XX and SD XY are the standard_deviations for the Sigma XX and Si gma_XY
val ues, rHE948Lt i Jbppnlyayay terdfind sefutions thah angrapte precise, orjquantitatyetRepts i n

t L1 vEFy-=oA _ SRS, B e "
il e s peRRRSil fls Ko FRdi andiled SCAKEb R ER b B FIERRARIGS, o7 0
obt ai nabdue ilid caaiersixbibkispciman UBsr exathpid) et MoliaCaeict fittiig teetmiquEhhakesmigtul e i s

conposed of two separate programdynamc |ink libraries, which performa
vari et FXRICTASEHRPHAT toah therg peqd g%“?‘ﬂ%‘“‘?‘?ﬁ 06 FRfEIeTS 0ea8 a‘flf}kaedﬁ%ﬁﬁ?émhsflw

field-dependent Hall data. These nodul es read input data fromthe Sigma
Qut put fijepsend GRBeARAGHSS TR dut bFREECSITNRO MBI thd fo@ﬁ%@n@é‘é‘ﬁxﬁ?plbé?c' udes

a nobility spectrum whose peaks i ndiCate the presence of discrete carrier
t ypes a¥iendhdvrierow@es shiogtrat Fiet back lo€ tie4@vith bethind tiel wafesis alpisted $¢ tHeiprepey

nobi I ity and sheet. charge densit .al ues, far thagse. carrjer. types 0049]

The. onftie tEorertisaoh Bviesn an piali b Eoaesfian paBFieB b el FRianbeot hun
the mofielv ity RPaMEthe hRRRKS: 7 of i@ dirtdlal Wabedul® foRrMRErMf nAs$d: bl e sol utions
by maki ng assunptions about the carriers in the specinen. For exanple, the

Mul ti-Carrier fittigg techniag)tsje makes the explicit assunption that there
are a fixE95hunb&r= Gt -&Rifefs - each with a discrete nobility. [0050] The
cal cul ations carried out by the software involve the follow ng principles.

Wien the . ; . . .
ad; ust od {052 e Y8 £ Bl R RE il LOR GR bl pBRlh O Heek I SE 1hBe
r ef | ect9nb Glowkdiacs, evitichlenables ashestt nieasirsinamad adhin cap.

[0053] The microwave electric field at the wafer must be determined. The electric field

1/2’ and

amplitude in various axes, By, for example, are represented as Ex = (1 + I') (Pincigent/A)
E,= (PHan/A)” 2, In the x direction, the amplitude is the sum of the iﬁcident and reflected wave
amplitudes or the amplitude of the transmitted (standing) wave. For the y direction, the only
propagating microwave signal is the Hall wave, which is generated at the wafer and detected in
the reflected direction. The value A is a constant, which may be determined by integration
across the circular cross section of the waveguide mode. The conductivity, oy , or Oxys
depending on the axis, can be represented, using these values, as 6, = (1/Z) (1 - [ = FA)/((1 +I)?
+F%),and as o,y = (F/Q2Z(1 + I)) (( +'r) (3 -I)-F)((1 +T.)*+F?), where F = E,1/E",,.
There is also a constant coefficient used to multiply the theoretical values of F since the currents
that are locally perpendicular to the excited TE;; mode do not couple exactly to the orthogonal
TEqy; mode. The constant can be obtained by integration and has a value between 0 and 1. The

previous analysis assumes that additional modes that are generated near the wafer are negligible.
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the wafer R and the inpedance Z of the circul ar wavegui de for the TE1l]
node is: [0051] r> (R 2)/ (R + Z) [0052] For a circular wavegui de of radius
1. 045 cmwoheodompadance has been found to be 697.5 Chm squarsegoswbs2sh

enabl es accurate neasurenent of a thin cap. [0053] The m crowave el ectric
field at the wafer nust be determ ned. The electric field anplitude in
various axes, Ex, for exanple, are represented as Ex = ( 1 + T)

(Pj nci dent/A) 1/2, and Ey= é}PHan/A)l/Z . hi the x direction, the anplitude
i s t helnssomeyfasestthali inopieatid. diod those Fases adniiivaodmarialysisces been dovelopsprnd ude

or opagitt A &t SR EhE SR Aok R eafl ' ik o REReRigleRBEPers,

waf er and detected in the reflected direction. The value A is a constant,
whi ch nay[obs4]det i sidectd dbyain tlteagdslaht}omeaemeftﬁbecadaduﬂamhaabwecassempbyécbn of
t he wavegui de node. The conductj vit or sxy,., depending on t he axis,
can betqgéﬁbﬁé‘yéhﬁwet%%@a%‘é@ diel l‘fy Es F@&?H&Cﬁ}ﬁfzﬁpe%leim asinglepny / ( (|
+T)2 + S Cl+ 3 -T) - B2)I((l +)2 +
F2), Ae:nr%ﬂelc?—‘\aeq%% ?]Eu%er%{})&%%@%ﬁen ?’%ﬁ (Gd’h%t ant coefficient used to
multiply the theoretical values of F since the currents that are locally
per pendi ci@Dﬁi] toThdnmudIi(-camedﬁﬁEig procedues wioks et fodlows| Eirsixféciprqgmm t he

ort hoggnal .TEi The constant .ca inte and has
Vol et B e bR o Shge B buitd e bl BB Rmi R R o
rmodes E({}ﬁ]['es reeaa&ms&%@ﬂ {HRGRedl 48 rﬂeéﬁ{ed 129 daeoqu,gdﬂal )| Thé GiRnaRseR t hat
i's not For those cases, a nmulti-node anal ysis has been devel oped and
can becached thetmelsumdrﬂamals Ssgim Woiglatrible @ngsrm Y 1dasbsquintes snef dndchedbynoltainnway e
powers, [0054 rder to obtain the he result of the

cal cul Hheimertl slwg E‘?-Fpulwaamflayéﬁh%&eweéﬁq Yol Sawmisy d FREUNAIG ¢ fiel d
i nt ensegtafnﬁed 9 tH@@oxﬁ@Jﬂeh%roﬁl&eHés%&n'n‘?atﬁx si g |n%nﬁﬂlﬁ9£g§ttthé/§‘olh @orgr . the

carrier 1ty 1I's by m = (sxy/B)/sxx. he mul'ti-carrier
fitting procedure vvorks as follows: First, the program determ nes the best
fit for al0856lgl eNext; Hiegrograimdptertanesithpbesk fitresingtiva carriensi Fhesatting values

DI i e G T e R G Y
terns gliphtlponidiRAshd RAHR MRSHIIRER PRASTHRESS cQltdisAdentical to the procedure for a
single carrier, except that there are now two mobilities to vary. The uncertainties in the derived
parameters are again determined as in the description for a single carrier. The program also uses
the statistical F-test to estimate the significance of the second carrier, i.e., it estimates whether
addition of the second carrier improved the fit by enough to conclude that a second carrier
probably exists. This is a very useful feature since it permits the user to estimate the number of
statistically significant carriers that are present in the sample. The procedure continues, adding
one carrier at a time and estimating the significance of the added carriers, until the number of

carriers exceeds half the number of magnetic fields, at which point the procedure is terminated.

[0057] = A summary of test results comparing the foregoing techniques to known
destructive techniques, namely the contacted single magnetic field DC Hall technique, are set
forth below:
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the nost-1likely solution. The uncertainties in the derived nobility and
carrier density are estimated fromthe conponents of the Hessian matrix at
t he m ni mMuon2p@sio2043¢ sol uti on). [0056] Next, the programpdetuseevsnesss he best
fit using two carriers. The starting values for the Sinplex procedure are
obt ai ned by displacing the previously-determned single carrier to slightly
hi gher and | ower nobilities. The Sinplex procedure is identical to the
procedure for a single carrier, except that there are now tw nobilities to
vary. kFcertainties in the derived paranmeters are again determ ned as
in the rrier. The program al so uses the

stati stﬁﬁﬁlﬁ ?Ikésemégt@anﬁﬁg significance of the second carrier,

i.e., it estimates whether addition of the second carrier inproved the fit

by enofghCONTAGIEIBINGRE MAGNBRIC EIELD HC htAldabl y exists. This is a very

useful feature since it permts the user to estimate the nunber of

stati s SRUNCONTHET MOLTRAIE MAGNETIE MERDPRPSENt [0 the sample. The
pr ocedure conti nues, di ng one carrier at a tinme and estimati ng t he

significance h dd until the nunmber of carriers exceeds
hal f the nunb&“'&fgﬁéd:nlgg’\@a I(::'1'3E$at whi ch point the procedure is

term nated. [0057] A summary of test results conparing the foregoing

t echni ques t oWWAPER #qstr ucti ve techni ques, nanely the contacted single
magnetic fiel @I&EII | tech 'Eé fzort h bel ow. TABLE PHEMI TEST
RESULT SUWMAR ACTE é "'ESS I'C FI ELD DC HALL B - NONCONTACT
EMI

MULTI PLE MAGNETI®NVES ELD RF HATRE SAMPLES WAFER # 1 Mbbility Sheet
Charge X E12 cnR/V-s carriers/cn2 5391 2.67 B 4721 2.848 B 4780 2. 837

A 5391 2.67.
B 4721 2.848
B 4780 2.837
B 4753 2.859
4751.3 2.848
STD 24.1 15 0.00898146
STD% 0.508% 0.315%
WAFER # 2
Mobility Sheet Charge X E12
cm2N-s~ carriers/cm2
A 5391 2.67
B 4721 2.831
B 4780 2.852
B - 4753 '2.827
4751.3 2.83666667
STD 24115 0.01096459
STD% 0.508% 0.387%

THICK CAP PHEMT SAMPLE

Mobility Sheet Charge X E12
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B 4753 2.859 4751.3 2.848 STD 24. 115 0.00898146 STD% 0. 508% 0. 315% WAFER #
2 Mobility Sheet Charge X E12 cnR2/V-s cap ers/cnR 5391 2.67 B 4721 2.831 B
4780 2. 8580Bodb/Rd632. 827 4751. 3 2.83666667 STD 24. 115 0. @t@AS4608/028EB%6 0. 508%
0.387% THI CK CAP PHEMI SAMPLE Mbbility Sheet Charge X El2cn®/V-s
carriers/cn2 A 7096 2.44 B 7783 1.46 [0058] Analysis software may be
provided for use in non destructive, noncontact neasurenents of full

sem conductor wafers or flat panel display materials for use by operators
with mninml cm@/Nreg. ExperddHeEs/CMXear chers are provided with the
capability to performin depth studies by varying readily accessible test
paramefpers Such t/ggp paraneters incpude the nagnet field strength, and
attenuation of the m crowave signal along the branch. The software al so may

provi dg gr aphic quﬁl ay including pl‘%bs of the nobility spectra with
conducH vity and centration as a'function of nmobility. [0059] Plots of
sheet charge density and nobility as a function of magnetic field may be

[0058]  Analysis software may be provided for use in non destructive, noncontact
measurements of full semiconductor wafers or flat panel display materials for use by operators
with minimal training. Experienced researchers are provided with the capability to perform in
depth studies by varying readily accessible test parameters. Such test parameters include the
magnet field strength, and attenuation of the microwave signal along the branch. The software
also may provide graphic display including plots of the mobility spectra with conductivity and

concentration as a function of mobility.

[0059]  Plots of sheet charge density and mobility as a function of magnetic field may be
displayed using a single carrier solution to the data of each field. The single carrier solution is
used as a general check of the analysis; a sample with a single carrier should exhibit the same
sheet charge density and mobility irrespective of the magnetic field. Conversely, a sample with

more than one detectable carrier should exhibit variations as a function of the magnetic field.

[0060]  All results may be displayed as sheet concentration numbers in the text window of
the software. A calculation of the volumetric concentration of electrical carriers could be
launched by checking the window of the result-screen of the software. If this operation is
selected, the one-carrier solution is extracted by the multi-carrier technique and displayed in a’

- separate window together with the entry fields for lgyer thickness and carrier type. This
information is then used to calculate the depletion widths from the top surface and epi-substrate
interfaces, so that the true thickness of the conductive layer can be obtained. Alternatively, the
user could enter a thickness and have the program present the volumetric results for the one- or

many-carrier fit based on the entered thickness.

[0061] It should be noted that single field analysis techniques may be used as an

alternative to multi-carrier analysis described above.
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di spl ayed using a single carrier solution to the data of each field. The
single carrier solution is used as a general check of the analysis; a
sanpl e wWiwb 2a06mi206phe carrier should exhibit the sane sheetr/ushasgesdensity
and nobility irrespective of the magnetic field. Conversely, a sanple with
nore than one detectable carrier should exhibit variations as a function of
the magnetic field. [0060] Al results may be displayed as sheet
concentration nunbers in the text w ndow of the software. A cal cul ation of
t he vol umi062t cdhwBhbe anprenated thet eartationsin webitifyesns! sheetichalge dentityciseass by
checki i f resul t-screen o h f. re. lf this ration
< cel Hebity OBl by AL ERE AR R S ol MG AR hEBcamply hithEuPRACA

t echni eheeplamopedtp&idi aygdo the RnEsRRidfRiouIad Mwvéae®s ST andvHeR réfratieptheptedti el ds
for layer thickness and carrier type. This inforpmation is then used to

cal cul A0 Bragesy By deirensalgddr REder fophteRea mapokmpbilibwangd deeinhargislonsitt
interfaces, so that the true thickness of the conductive |ayer can be

obtai ned. Alternatively, t Qﬁltuﬁﬁgicggé&é'ﬂgg@qlﬁh;s@eﬁlhi ckness and have the
program present the vol une e- or many-carrier fit
based on the entered thickness. [0061] It should be noted that single field
anal ysi s [006BNi qFeg Mibysthgestssibls @wsenaforalst afithathé YepdrfusitidstiibabinreRtioamal ysi s
descri bed above.éOO62] It will be appreciated that variations in nobility
and sh&igs- kR4 gad Hdidi qap bguserdto aytqmafe thekgiener 1l pane] aeptilty cornping praeess:
test o , : - d ,

per penar S eyt R AR ol SR TR e OrER ¢k e B RLBE 00

r epeat camgbd ineunted insiderdnd/quionde;s sf aEystene cabdps J02.d Fig) 8ahows tHeuedihgpper a map

of nobili.t d sheet. charge density. Automatic Mapping, Subsystem [[0063]
Fig. 7° hlﬂl%@?@?@goaedsﬁgsafgf% ip fhe Bl MAPRIAG s&s@%%ﬁ@- [86s rAvEd! b,

rel ati I " i R Nolas:) f or flat
panel %@%%??%ggﬁggﬁPﬁgb ?2@@2@#9$R|5 éﬁ?ﬁ%ﬁ?@%ﬁh% |{|tykﬁ%%gﬁ%gﬁ?§%§ystem
(her ei systemes, or ef & méggrated aptiont foenew noitaEP=rbuilt.700, can be nount ed i nside
and/or on top of a system cabinet 702. Fig. 8 shows the automapper cabi net
702 posit) a ttached to the nobili mappi n te f Figs. 1-5C
As will b@ﬂgglgre??%? ég_g‘?wtsﬁkberﬁﬁfpé’ﬂ%&é‘?‘ms/ t& OB‘épg?f |d‘é‘g}“a§lgaﬁ1 upgr ade to
cur r enfotareRlittert JO4ED BADEFFEYS DB sélo BRI T8 THLBEAINSIhORId-HRectRabBEMUNi t S

to be built.
longitudinal axis, an x-axis table 710, and a servo motor 712 for adjusting the x-axis table. Not

shown are the servo motors that will operate the rotator/lifter 704. The rotator/lifter 704 will lift
and rotate the wafer 59 to be tested. The end effector 706 will hold the wafer 59 under test, and
the servo motor 708 associated with the end effector 706 will rotate the end effector (and wafer)

to the desired vertical orientation so that the wafer can be inserted into the test area.

[0065]  Fig. 10 is a detail view of the wafer 59 mounted on the end effector 706 using a
pair of alignment pins 714. An operator would load a wafer 59 to be tested onto the end effector
706 using the alignment pins 714 positioned to receive the particular size wafer to be testéd. A
plurality of different pin locations corresponding to different wafer sizes would be provided to
allow the user to easily establish thé wafer on the end effector at the proper position for testing.
Once the wafer 59 is positioned on the end effector 706, the operator will initiate a computer-
controlled automated testing program, which will automatically turn on vacuum elements 707

(Fig. 18)) located on the end effector 706 to hold the wafer 56 in place during testing.
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[0064] Fig. 9 shows the nmain conponents of the automapper 700, including a
rotator/lifter 704, an end effector 706, a servo notor 708 for rotating the
end- ef f eaworzo@maudz1i ts | ongi tudi nal axis, an x-axi s tablpeTikB0sarstsa servo
notor 712 for adjusting the x-axis table. Not shown are the servo notors
that will operate the rotator/lifter 704. The rotator/lifter 704 wll lift
and rotate the wafer 59 to be tested. The end effector 706 will hold the
waf er 59 under test, and the servo notor 708 associated with the end

ef fect or [0D66Mwi | Fig.d ahews hew ércseefdf moton 708 imebediéd mtjte the endectigetor 786 and

vertical orientation so that the wafer .can be. inserted i h ar ea.
[ 0065] &Fi "&flefl‘{r)b %dagfa%ﬂttaiaﬁs‘weaﬁe&fwﬁ H%‘T‘\%glfpé’ﬂ%'é’&qﬁ‘o‘ﬁﬁ%“&d (2‘%"%5 '8 ngltr%lggtaf fect or
706 USb&Hich Rakhietdd, Md GRAPAbLOP TS ashddiateARviED@E RL1able RO bl lopadtetowader 59
to be tested onto the end effector 706 using the alignnent pins 714

posi t | teeddeficetor 206/ and Wafep5? along thex-gxis intpaftest poytipe (KigstZdbetyest theal ity

of differen inlo i corrnespaongdi i r . i : be
or ovi cEet o QP oEREr S o PP IEE PRGMERut i it R PG ePUiSts iy EREpditet

ef f ect ghe BémpiReriRIdORG MRS ErmOMLI htrbEsdrfotthanédwiehé Besired hreubilt§ téssing and
positioned on the end effector 706, the operator wi|]l initiate a

conput tecoHeetion afdatanoina necsed 6a e9mplets the meRilitimapninghe MagnerdReiPesdy |y turn

on vac?éegghggﬁﬁﬁ@%lﬁoz@glr%ﬁ fs. 18)) located on the end effector 706 to hold

t he wa ace during testing.[0066] Fig. 11 shows how the servo
notor 708 is used to rotate the end effector 706 and the wafer 59
90-degrees to assune a desired vertical position for testing. Once this

vertical oYL Ofies tlacdRiieyetatd heinses velleoriipthe wWhZerds sithiaiadiom e t he
x-table 710 wll operate to npve the end effector 706 and wza,;c er 59_al?ang
t he x- BaEBetilddand it wiichbaskis gh hprroptal positiopdisiiedhe 678 NS/ Wrasiarertethgnet
713 of _f i ld pi I PSi ke IS i :
posi +1 SIATRBRLcieclor RO A3 FIR. 13, R poind the KthEpiflor 108 dcleslbly it |
desi r eehisenly oi engagectht wagera9d Theeotatolrilitet wilh exfagel dieaw gfor wdisg oeeatanoneo
conplete the nobility map, in the manner previously described in. relation
to Fi g¥acujursclemgfs fnotghewn) Navillapiagsthg aderia chaentthe ngce&atlp*?é%ﬁl&i? ?A«ﬁe

waf er | i i I

ot i 70T SRR kA% R Ehne VN ) Beb B Bl AR ol Qfbthn of |

ef f ect anoti@Geriesoftheiwiata poitts ¢n the ManAer dltviady gedcribed. t Flmisy otcattbe Aprirbpreate 704

gﬁ;:gglﬂ%i;p\égx{ggq éq%i l%gp lpjl i%\%él?@g?ﬁtgp%ﬁi%ew 64{9 {)vil?%WeIt % v(ré)ttera’g)e%(/(foiv\;nto%tto mel elnd
effector 708, the vacuum elements of the end effector will be actuated, and the end effector and
wafer will again be rotated 90-degrees. The end effector and wafer will again be moved between
the poles of the magnet 130 and the desired series of data points collected for the new theta angle
position. This test process of will be repeated until the desired number of data points are

collected for the wafer under test. In one embodiment, a complete mobility map of the wafer

will be obtained using this technique.

[0068]  As previously noted, all of the above steps can be automated and controlled using

an appropriate computer program.

Sheet Resistance Subsystem

[0069]  Fig. 14 shows the automapper subsystem of Figs. 7-13, attached to the mobility
measuring system of Figs. 1-5C, in combination with an additional subsystem feature for

automatically measuring the sheet resistance of a wafer. Fig. 15 illustrates the main components
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vacuum el enents (not shown) and will rotate the wafer to change the wafer's
theta angle (the angle at which a particular set of data scans will occur),
pr epari ngvoheosab@n for collection of another series of peeats2aanzs2poi nts in
t he manner already described. Thus, once the appropriate theta angle has

been achi eved, the rotator/lifter 704 will | ower the wafer back down onto
the end effector 708, the vacuum el enents of the end effector will be
actuated, and the end effector and wafer will again be rotated 90-degrees.

The enef tbf tesbised an@manparandisheet sepagtancs anadleebpisicis inalyding s pais obend he

Theta. shgr 2e IR, RS} b Ss 35, g RLE, OQkBh SBR RO bR RS

desi r ednpitidied] afs, shat ashpei rbistantemeootlege8ed dliding thsleWwades pronided férardving n
one enbodi nent, a conplete nobility nap of the wafer will be obtained using
this tberadgtectorsséus anssays alang i fajatiosite the mebilipt measuring systery @B@@e Bethe
aut o bl ! r xRl

Ros: st isaufR e 7S, T 5 PRty 788, AR i Ene 3L RS RIPHE BSleRSEIb,
7-13, didiactblt 710, iiethoshéd: rdsistanea soduted/ 18yweitleamaein statgpmaryl -NdE,shown is the

conmbi nation wth an _additional subsyst feature for automatically
measur ¥HY° F!‘?E’réﬂaé&ﬂlP@Eﬁ%éﬁ%@t%‘?rl?];‘ﬁﬁb?@r. Fig. 15 illustrates the main
conponent sof the conbi ned aut omapper and sheet resistance nodul e

subsyst enfpo7oinc! e BbePreBRiahc@hno8ME 78R LaE hfeS pHibof opbBsing cSifd ¥X0, 7121 g7 08
for controlling rotation of both end effectors about therr |ongitudi nal

axi s, Hpdised shaeasurethe sesistanse wbithe wafen3) orothér appragriatetsheetmaeiial (pegoflitded

for novin he .end .effectors al ong an x-axis ang in relatio e

robi |1 Ve tate S B R R g ebertif of bR dhed dufifas p iRy

ef f ect @& ad B8iails'dGhe BekiSE avedifabsid i 08S Viratdnt BRs ANE e48 BY, ikhed S/3odong, t abl e
710, and the sheet resistance nodule 718 will remain stationary. Not shown

i s t hearnskd. 443,004 B2, issvad Nid/2002 psigired te hehigfon Edgctionios ghe gaire cpoigrGlef The
sheet [resistan u 7 have a pair of opposing coils 720, 722
(Fig. Ygﬁch&geeﬁlgglggp@g%{sﬁre@e%%ﬁlgc’%:]ieeﬁl%‘t ance of the wafer 59 or other
appropriate sheet material (e.g. flat panel) placed therebetween. The

princi pl ef90vf] opThaiitomapger ol his iabbdimeat wilbcentigdtedend 3811 operatsihlth@s
details of the design, are disclosed in U_S. Patent Nos. 6,71 1,948 B2,
C

i ssuedSaeIpARYHAs des ribed above in relation to Figs. 7-13.
[0072]  Fig. 16 shows the sheet resistance module 718 in greater detail, illustrating the
position of the upper and lower measurement coils 720, 722, between which a wafer or sheet 59

will be inserted for testing using the end effector 716 and associated components.

[0073]  Fig. 17 shows an exemplary wafer 59 positioned on the end effector 716
associated with the sheet resistance module 718 prior to being inserted into the module for
testing. Fig. 18 shows the wafer 59 positioned within the sheet resistance module 718 for
testing. To achieve this positioning, the system operator will position the wafer 59 on the end
effector 716 using positioning pins (not shown) similar to those used for end effector 708. The
operator will then initiate a computer program configured to control movement of the end
effector 716 along the x-direction with respect to the sheet resistance module 718. The program
will automatically turn on the vacuum elements 724 (Fig. 15) of the end effector 716 to hold the
wafer 59 in place. The program will then cause the end effector 716 to slide along the x-axis

(by operation of servo motor 712) to place the wafer within the sheet resistance module 718.
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and 6, 443,002 B2, issued 9/3/2002, assigned to Lehighton Electronics, the
entire contents of which are incorporated by reference herein. [0071] The
aut omappewoebodiroa1enbodi nent will be configured and w lPcTapes@ioes2sn t he
same manner as described above in relation to Figs. 7-13. [0072] Fig. 16

shows the sheet resistance nodule 718 in greater detail, illustrating the
position of the upper and | ower neasurenent coils 720, 722, between which a
waf er or sheet 59 will be inserted for testing using the end effector 716

and asElagj ticadhfeomiioremosed §ed@7S] thEicgils 120, 32 tesa pluradite ahiesling lnaftons glpng

posi ti %ned on tft;ke tgng ef f ect.or fzéG associated wt hn he sheet resistance
modul eth9 Xeaxss fodpke the Aeieg SPHS S Bee i R SR RS E " Por testing. Fig. 18
shows the wafer 59 positioned within the sheet resistance nodule 718 for
testing. To .achieve this positioning, the systemoperator will position the
waf er 59 [gﬂﬁghe £13d 18 b R BE wokG 39S) MRS FohPth JBed? kddsstdrie indeRATDS ief | ar
to those used for "end effector 708. The operator will then initiate a
conput iekingradijsaserienof tesfumedutementsn t Thelrotatovidifien 704fs nosiésioneditognzage be 716

along the x-di.rectio ith respect to the.sheet resistance | €, 718. The

progr an‘(%HtP raith %HBP?fctﬁ% FRA ?fﬁ?‘ﬁorcﬁ?dtt?l E\Otetﬁéﬁtﬁ ﬁﬁﬁ%ﬁéﬁﬁ??wg%glgg‘?&%) of the
end ef iQGLOhew Hetd SndIOlsthchitQedVah&fotfSr/lifler0aGets tHWafet baikedow bito tiesmdcause
the end effector 716 to slide al On?l the x-axis (by operation of servo notor

712) t effqutarcd 61 the vaeiust elpmenisiy 24 valldraerctivated & lork ehenwefiar © the gndrpfifecion; he
warf er %“@thgggﬁ@%gﬁga DELNEAD Kool %o E2Rserf A% v RerSRhH @b ihder Rlsishigh | N

| ocat i Sired séries o eet resistance
neasur gEBeRk Y18 [P hédharmedpredRDusiysscrivee tnedlrct afdtivdr sbddsaofiatapointt Asosiaret
resi stance nodule 718 after taking a first serjies_of test neasurenents. The

r ot at owithitha esw thete anglepckliis Pipsess Wi beagrpgdommrd Wil die shegl Tpgiftapce ManpyIgoist
th d effector.and Lo ¢ ' |
osi r et ROV el i bt of Ao 38 Tah BE abBtRa Y sEnu iy rion

back dgyhromidt@cdiputenstogfabrect or 716, the vacuum el enents 724 will be
reactivated to lock the wafer to the end effector, and the x-table servo
nmotor 712 will be used to re-insert the. r 59.into the sheet resistance
nodul e 718073 th@’hﬁ’éﬁh"eﬁvﬁ?@ﬂ 13?3316911 é%ﬂ%@&'@&??@& to Btfor‘lliﬁr series of

data pg Q&ﬁg@ﬁéO&ioé‘i:f%gti%ﬁtaﬂdtsﬂﬁsﬁ@lﬁ%nts R&iih MBSHSit addscopRlo? BRSEvatioh AR be

re-performed unti sheet resistance mapping is
apparent to those of skill in the art.
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conplete. It wll be appreciated that all of these steps can be autonated
and controlled using an appropriate conputer program [0075] Wile the

i nvent i orwbasodneessidescri bed above with respect to partipcwhmroosmbsedi nent s,
nodi fications and substitutions within the spirit and scope of the
invention will be apparent to those of skill in the art.Wat is clained is:
1. A device for nmeasurement of nobility and sheet charge density in
conductive sheet materials, conprising: a mcrowave source; a first
waveguiVieatpodprimedrigd to receive m crowave power from said mcrowave source;

an adj yst able item
havi ngLfa pl lf‘r%‘%w#&% o&%ﬁﬁg%ﬂ?%qng%blﬂﬁ&q@ %}rl]és%??ﬁa%é;@%l?l\}z %gé:nrdg?&va\%gh%%mr
t r ans minidi@thld, compdsing: first wavegui de; a magnet positioned to induce a
magnetic field at the test location; a first detector to detect the power

of the m crowave 2PBREPVIEAPEES: a second detector to detect the power of the

m crowave power ﬁeﬁéet ) glrnfdé gﬁ%}ﬁoﬁébetstren{:‘égsﬁ f(#wdvte%vdep ﬁ%ﬂ?saﬁ@ﬁr?&&%&?é“

| ocation; a thir etect a ect “m crowave power. 2. The
devi ce of claurpe;1, further corrpri sing a probe positioned in said fi rst

wavegui de, said prohe bejng coupled to said third detector, .said first
wavegui de being &"é Jl”é‘i?rﬁﬁ g%ﬂ?ﬂe @Jusﬁgg’ RSt %L%Hﬁ%ma‘ieﬁ?lz teni Bgvipgp
conpri sing @hfﬂéﬁt%?fhféﬁﬁherﬁ&%%@ahoﬁ?&i IrebéW@ﬁluérQwEt@é;ﬁdWé? &&%ﬁi’é@‘ﬁoﬁgﬁﬁr from

said source, sald directional coupler being coupled to a si and a
mai n branchihgawwegudﬂ branch being coupled to said flrst wavegui de, and
sai d side branch beln The devi ce of

t dthird
claim 3, wherein?d%& %I?Q:Tﬁp%’?gﬁ%ﬁldﬁgé %%%‘IFJ@& fdeﬁ(i ?ﬁfb?l o5t ]\?ﬁ?ﬁl%l e attenuat or
and a variabl e phagg @hictdres détectRé &W@Jﬂh%ﬁ&&&@&epowa source;

a second detector to detect the power of the microwave power reflected from a
sheet material item in the measurement location;

a third detector to detect a Hall effect microwave power.

2. Thedevice of claim 1, further comprising a probe positioned in said first waveguide, said

probe being coupled to said third detector, said first waveguide being a circular waveguide.

3. The device of claim 2, further comprising a directional coupler positioned to receive
microwave power from said source, said directional coupler being coupled to a side branch and a
main branch, said main branch being coupled to said first waveguide, and said side branch being

coupled to said third detector.

4, The device of claim 3, wherein said side branch is coupled through a variable attenuator

and a variable phase shifter to said third detector.

5. The device of claim 1, further comprising calculating means for receiving data from said

detectors and for calculating mobility and sheet charge density based on said data.

6. The device of claim 5, further comprising a power amplifier for receiving a signal from at

least one of said detectors and for providing an output signal to said calculating means.
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5. The device of claim1l, further conprising cal culating neans for
receiving data fromsaid detectors and for calculating nobility and sheet
char ge deweizbgs/2essed on said data. 6. The device of cl aiporhis2dosntdres
conprising a power anplifier for receiving a signal fromat |east one of
said detectors and for providing an output signal to said cal cul ating
nmeans. 7. The device of claimb5, further conprising a superheterodyne
receiver for receiving a signal fromat |east one of said detectors and for
provi di’Tng afhedepiae o§tlgmap, fustherdonmsisingd swperhytaiedime re@iver fer 1gesiyias aof

Cour oo it ot |ERER T b oRuRRRY PN o QUL CEOUTH PRI,

positi gngfs.relative to said second wavegui de. 9. The device of claim 8,
wherein said second detector is positioned to detect reflected m crowave

field strength in said second wavegui de, said device further, conprising a
f our t h3det edtgdeyise geelain 1nuther qoannrisyigp weprhyereaidainerpediaissaident

| ocat i ' i1 AT mrgg'd}@e@ by made of
conduc%}??/rg&%g g@?&? ds%?%ﬁ%ﬁgﬂﬁ?égg%(?ehghg‘%wu%ag y r?ou‘%t ed v?nﬁﬁ% ar gspect to
sai d dewsitienslrelahiat tssidisaroad waesmide. | ocation is intermedi ate said short
and an end of said first waveguide. 11. The device of claim1, wherein said

adj ust gbl e unt furfher conprises:, a bo havi.ng a.first planaf surface;
and s Brsc paeRevihabcRim SaPheRand ooy i ofionitadsehatt ' an
axi s suhsloaave fblastRAENSH 94if Yednd WavBgRi&REidfevRBIfthdricepRsRBafos f ace,
said disc further having a bore therein that is not coaxial wth said axis

of r ot detiectnr todrteatimagnetiaifield seength sidhe mpaswemen loeaticact sai d sheet materi al
itemto adjustably position said sheet material itemso that at |east one

Of 321 30P1 Ul Yo HRRT 4T RHRDL L BSRIANS ok o865t e\ Adh ASRAL ARk 0 L'

wavegui de to recerve nicrowave po nt sa irs

devi cebeihgabpistiblylmowtied ®ith répeet tadhidsteniot o VI aRaNIrEBER I8catidgi!/m chuck.
13. The device of claim 11, further_ conprisjing a base, said adjustable

nmount HEeTpdiate said phart gskan ensrpigaidfirgt Weisawids.

11.  The device of claim 1, wherein said adjustable mount further comprises:

a body having a first planar surface; and

a disc positioned in said mount, said disc being rotatable about an axis substantially
perpendicular to a plane of said first planar surface, said disc further having a bore therein that is
not coaxial with said axis of rotation;

wherein said disc is configured to contact said sheet material item to adjustably position
said sheet material item so that at least one of said plurality of measurement locations is located

adjacent said first waveguide to receive microwave power from said first waveguide.
12. The device of claim 11, wherein said adjustable mount comprises a vacuum chuck.

13.  The device of claim 11, further comprising a base, said adjustable mount being rotatably

positioned on a base. -

14.  The device of claim 11, wherein said adjustable mount is positioned on an adjustable
portion of said base, whereby a separation between said adjustable mount and a waveguide of

said testing apparatus may be adjusted.

15.  The device of claim 1, wherein said adjustable mount further comprises:
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14. The device of claim 11, wherein said adjustable nmount is positioned on
an adj ustable portion of said base, whereby a separation between said

adj ust ablwormesnoand a wavegui de of said testing apparatrus/useyshoes2ad) ust ed.
15. The device of claim1l, wherein said adjustable nmount further
conprises:a first end effector adapted to position said sheet material item
at a plurality of nmeasurenent |ocations to receive mcrowave power
transmtted fromsaid first waveguide, .said first_end effecto ei ng

novabl e bet &8Est cag cHegtersadented t?)ﬁgﬁlfl?lbﬁﬂ‘éﬁ@eénla@ta ﬂ%@laWBlr\lralW@P ein said
ad) ust ment  posi t%n%@sdrém&tﬁgé:a'u%{éf{& Blei %gég?\g&@e SR tA0AlcRRI Lan gk he

sheet materi al emi1s selecta ust sald test positionis a
position at whi clvastgidnsiid dins ehésffecianbd:iﬂg pevhide etvesn anlaéjusﬂrrmat posatiar i al

tem usin thefrtwae 16. The_ .device of. cl.aim er ej aid
:‘i r st uZlndgef fect IBIP o S%g;r?gwpﬁﬁ%%ﬂ“i] ‘;JP%%C ta‘?‘?f“ﬂ“r@f“ptgﬁ O%V%Ma%‘%e: ng
rotatabl e about ﬁﬁbﬁjor}ap 1t’idﬁj¢5f"cﬁé }%)éi r‘ﬁateﬁ%l i@exﬁ‘fbdseféccfa%?} Sjudiayié,han sQﬁ't@ﬁ]j

translatable with respect to said vice along said |ongrtudinal axis
The device of cl postidibis afpﬂsttimratWbrthat@aﬁtgaﬂeltﬂittcambdpgéwmwd omdhosheghi t s,
said first notor unit g ug Siﬁf gted wW.th said first end effector for
rotating said fi FfeHBhHeBAPEERT LEhIAYSRUI% | ongi t udi nal axis, and said
second notor unit being associated with said second end effector for

transl g4 i NgTEQHEViENGE RAHELS, Whevdih Baill EiSNREH effoctoPhat LloMEiarlinll axig, sd frst
| ongi tudi nal axis. 18. The ‘device of claim 15, further conprisi ng: a second

end- ef mi:qfﬁactqréwmggmaé@lq ahbauh grid ongiindinglasas, spigcad ielbctpr Bitherhring sheet
t t Ly di d s f
ol é%ngs aéa%b’i{;]ge{ﬂ 38t t[o'sEu% de%% a?%g%g‘& 188@8@1‘1&3%& gdi sposed coils for

measur | srstance material item wherein
sai d second end-effector is rmvably adj ustable wth respect to said sheet

resi st gnce Wht tetice @ﬁraiuheld Ifenhﬂi!lcbmpﬁs1ﬁgai$$lraﬁdsadoﬂd$xli‘(ﬂ&ﬁumtsssasd firs¢ otor
property. at a pluralit, |.ocatons on_ said, sheef nmateri item 19. The

devi celdt beingpysrgugtedswi %/11 srad fiesh st pldGotey: forrqtefing sgid figs %r@ref?e@wréhag@awg sai d
sheet %ﬁ%ﬁ‘]&dlﬂh ade @Mdt ugl n%o‘t&rtﬁ‘lt glggagl %ﬁ%ﬁ(gw?tpfsﬁldssg H'e?i}el:t)ér for

per pen ar to é ongi axis o ector,
r ot at otraﬂsﬂefthagrsai‘dmﬂhéfector with respect to said device along said longltudmal axis.

18.  The device of claim 15, further comprising:

a second end-effector configured to engage said sheet material item; and

a sheet resistance unit having first and second oppositely disposed coils for measuring a
sheet resistance property of said sheet material item, wherein said second end-effector is
movably adjustable with respect to said sheet resistance unit to enable the unit to measure said

sheet resistance property at a plurality of locations on said sheet material item.

'19.  The device of claim 15, further comprising:

a rotator-lifter for engaging said sheet material item and moving it along a second axis
substantially perpendicular to a longitudinal axis of said end effector, the rotator-lifter further
configured to rotate about the second axis using a third motor unit;

wherein said first end effector and said rotator-lifter each comprise at least one vacuum

element for engaging said sheet material item.
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configured to rotate about the second axis using a third notor unit;
wherein said first end effector and said rotator-lifter each conprise at
| east onewvacwurvahenent for engagi ng said sheet nateri acTiusersdfs2s54 he
device of claim 19, further conprising an adjustable base that is novable
with respect to said device using a fourth notor unit, the end effector
bei ng nounted on the adjustable base for novenent with respect to the

rotator-lifter. o ) _ .
20. The device of claim 19, further comprising an adjustable base that is movable with

respect to said device using a fourth motor unit, the end effector being mounted on the adjustable

base for movement with respect to the rotator-lifter.
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