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(54) Title: METHOD AND APPARATUS FOR NONDESTRUCTIVE MEASUREMENT AND MAPPING OF SHEET MATERI-
ALS

A2

e (57) Abstract: An apparams for contactless measurement of carrier concentration and mobility includes a microwave source, a
circular waveguide for transmitting microwave radiation to a sample, such as a semiconductor wafer or panel for flat panel displays,
at a measurement location, a first detector for detecting the forward microwave power, a second detector for detecting the microwave

&y pOwer reflected from the sample, and a third detector for detecting the Hall effect power. A circular waveguide, carrying only the

~~. TEl1 mode, is terminated by the sample behind which a short is located. Perpendicular to the plane of the sample (and along the axis
of the circular waveguide), a magnetic field is applied. In this configuration, 2 given incident TE11 wave will cause two reflected
waves. One is the ordinary reflected wave in the same polarization as the incident one. A detectoris provided to measure this reflected
radiation. The other reflected wave is caused by the Hall effect. Tts polarization is perpendicular to the former wave and a probe is

g provided fo detect this as well. This reflected wave is detected by a probe, the output of which is combined with an attenuated and -
phase shifted portion of the forward radiation at a single detector. '




MEASUREMENT AND MAPPI NG OF SHEET MATERIALS 10 FIELD OF THg (Il)l}lvtl)zel}rgto%l
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t | measur enent and mappi ng of mater :
nmpggg\?va‘\;‘;égﬁ}i‘]%&%e nmeasurenent of carrier concentration &6A/URIRILEGBY and
 sheet resistance in seniconductor wafers and flat panel displays. 15
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m crowaves in the neasurenment of sheet resistance in GaAs wafers enploy an
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whi ch e of. 1/4 wavelength, a short is'|ocated. Perpendicul ar
Y\QI tC hga'%'sé‘%g{%o ﬁt) %"g&\ﬁa 3 THEDS &Py ongli(dDh¢hagnel deenprd a cp05 WO
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. appli &gn [lxp t hi SK%Pnf |s'9|1;lr ation, a given incident L )

| 3 degrees Kelvin, such as at 77 degrees Kelvin, in such existing systems in order to

.25 increase the channel-Jayer mobility relative to the conductance of the cap layer. These
instruments also fequire involved calibration procedures.

[0003]Destructive techniques for measurement of sheet resistance and mobility are

also known. However, such techniques necessarily damage the wafers or other material
being measured,

SUMMARY OF THE INVENTION

{00047 Disclosed herein is a device for nondestructive measurement of mobility and
carrier concentration in sheet materials includes a microwave sourcé, a circular waveguide
configured to transmit microwaves received from the microwave source to a conductive sheet
material, such as a semiconductor wafer or flat panel display, a first detector for receiving the
forward microwave power, a second detector for detecting the microwave power reflected
from the material, and a third detector for detecting the Hall effect power. A circular
waveguide, carrying only the TE11 made, is terminated by the wafer behind which, at a

distance of 1/4 wavelength, a short is located. Perpendicular to the plane of the wafer (and
along the axis of ‘




TE11l wave will cause two reflected waves. One is the ordiqnla(r)% reflﬁgt ed
wave in the same polarization as the incident one. This 1's obf 08° reasur e
sheet resistance. The other reflected wave is caused by the Hall effect.
Its poV & 9%%09%n is perpendicular to the former wave andetiitseesis be
separately detected with a properly configured probe. [0005] According to a
first aspect of the present invention, there is provided a device for
nmeasurenent of nobility and carrier concentration in. conductive sheet
mat eri al teiwatdguille; a vaiableGhdpneeTieRlY bftied an tif bR attR VLGV 06 RQS! 11 oned to
receive {rgﬁrowave radiation fromthe mcrowave source; a nount adapted to
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a seconccaddt egpuarelydetdcled Witk d ptPpedPtBEukipropover of the m crowave radiation
reflected f;@%&sh&%g&t rial itemin the neasurenment |ocation; and a

third detect c t agpeckRfithepresep invontigis therp) ie providedea drviver . A

~ fourth detmetsoememyf hebifltyQn 6ot PnetaiRf iNBIARLVE seb@h oSl ifOGIL at the
measur enent | ocati on. %@0061 According to a second aspect of the present
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field oftogegécf&t ed in g@si.t . detecting mcrowave field strength at a
f orwar d positi oR " dét BEPHGV IS CA O ENTFRI d strength reflected from each

of the conduatsésord Ghetdr pasiibnbi®d &RIPME povit? LEGE hiGow iRk |ra£§tifo§ Cdnebikgr ovave
field ?tren th: gplglavebas d on the detected m crowave field strengths,
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DESCRI Pdét&isla Hall Biftct midobiRiv® pbWQO7] Figure 1 is a schematic di agram of an
apparatus acgaordi,ng. to the invention. [0008] Fiigure 2 is a schematic
di agr am of a% %%‘?"51"‘&95“’&%@%?‘”87('33}‘Pd‘eﬁeﬁénqgﬂ%rﬂeldcfﬁmgﬂ[ gdh®o] Figure 3 is a
- vi ew of measperniendtcatibn.an appar at us according to the invention, [00111
ection of the a atus of Figure 3. [0012] Figure 5

Figure 4 is 0SS- ar . u
is.a view of ﬁ’gﬁg]ég“ﬁ%f?% 2 %f&%‘raal?%offt@e RTRRSTY iRVABHeN, gme is pogisfaFi gure 6 is a
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Includes generating microwave radiation; transmitting only the TE11 mode of the generated

- microwave radiation successively to a conductive short and to a sheet material sample;

during the step of transmission, applying a magnetic field of selected intensity; detecting

microwave field strength at a forward position; detecting microwave field strength reflected

from each of the conductive short and the sample; detecting Hall effect microwave field

strength; and, based on the detected microwave field strengths, calculating values for mobility

" and carrier concentration.

BRIEF DESCRIPTION OF THE FIGURES ‘
[0007)Figure 1 is 2 schematic diagram of an apparatus according to the invention.
| [OOQSIFigum 2 is a schematic dlagram of an apparatus adcording to the invention,
[0010] Figure'3 is a view of & portion of an apparatis according to the invention, .
i}lﬂll] Figure4isa cross-section of the appa:ahxs-of Figure 3. - ' e
[0012] Figure Sis a view of an apparatus according to -ﬂlc‘_invention. ; '
~ [0013] Figure 6 is a flowchart of'sqftwére used according to the infrenﬁon,' '




[0014] The present invention includes an apparatus and h@gog,gr

measur enent of sheet resistance and carrier concentratl on in coné)ucti ve
materials. The device includes a mcrowave source, that has an out put
coupled to a wavegui de configuration in which a small anpbunt of the

i ncident wave is diverted, and the greater portion of the incident wave is
10 transnwotsaogt ong a main branch. The mai n branch acgus@upked to a

circul ar wavegui de. The circular waveguide transmts only the
TE11(transverse electric 1, 1) node of the microwave radiation. The

. circul ar wavegui de receives radiation at a interface, and outputs radiation
to a3 test region having a PREIMLED BESCRIBEGNt i ng ei t her a conductive test

item such aspf4phiRl ’fesen%vcﬂuon‘éﬁeiu%s aﬂﬁpp%tti@dhd &%Mﬁxhéé&rcﬂé%i itemto be
tested. A nmagnetic |s provided to ap magnetic field at the test

region. AR ceraawraﬁa@a@gﬂa&@ema@tdé@feelaﬂ?rﬁht ?%l@de‘aq:ee%fﬂ"&ﬁaon of sheet
resi st anGﬂcr&Me Sofcé, ittt hat ANt do@lddaa Wiregidoeinfigdatdnth vamaammus of the

out put . APe ST Bl B o e el PP Plngr 1 of o

convént i mawlmltteéﬁlbrecam@dlmvle Tihey mbih brageh iveoypded &0 4 credlarovavegsidd. e | nci dent wave.

A third debeehNeedid nafB)l ‘%1 1@!%%&&#&1&&83%%@&“&&8En%‘:ﬁov&é@eve having a
SI te 2 to t o}

pol ari zati1 on op e | ncl t wave ere is preferably
provi ded redistien. [Theqivuatwasesyidercpcivesadiation atanpterface, arfdjopiputeddiplipp & a whi ch probe is

electri Caéslﬂgnﬁﬂidﬂhgaﬁnéuﬁtf@rsdfaﬂoﬁiﬁﬁéﬂ%'coﬁ%ﬁ%ﬁiumﬂ;fdﬁch% @bt 8k portion of the
i nci dent lY‘\é?ve after passing t an attenuator and a phase shifter, is

‘al so eé%fofhﬁr"PFﬂ“%t“’F-@e?“ta‘Ff‘ﬂi?tt‘?S%‘haafmﬁ%ﬂﬁllsepp"fd&?wéal?Y bration purposes.
The 1Hal I nﬁgﬂea@ﬁdimmb teS@eHInE At ledsSlotirlvaltes @@ ditbond irl tBe @lcdiRfiRadt Meet A fourth

det ect or 51 eo%tansdct hg rm'gnQI% 0n1namg4u§cii R a{engus%fthezS gglglde grur es 1 and 2
depi ct sé‘fnmat calm.ln P& conponent’s o1 PR appar s o dccordance with
the i nverptqvxdvﬂtos&qmpahfamalsrmm@wamq;bmgspumztsemnad@ecmi;rpmidndiddét@t 15 which - may
provi de ough ot her
frequenc?ﬂéegﬁ'&ﬁg\éﬁlzogﬁ%t} oyécgl or %)gg%rrﬁ?&cpg%% reqltt}%n?\qgi;@s may be

enpl oyed Attb‘f@ﬁ%PféS miovided fo datect 2 sesend seflepted frave haxiag BPPIW@OWP@WGM other item
bei ng tes&ﬁaoftmua&ﬁtmélﬂhﬁeﬁﬁ@m éﬁﬁl&@ﬁ{ﬁleﬁ&tﬁdﬂﬂod&&%ﬂ for exanple,

~ and ot her _sources y | e 15 i ncludes the m crowave
“source 16 %ﬁeﬁvw@lwrv%@a@ycmegm ouplert Fresligheda wavegui de to
i sol at or pdfion df &® indident wive, aaﬁydasmgﬁn@glnanaﬂémaﬂahd Opha@lshifdr, iSaliot abl e design to

pr event rad frome re .i.n_.apparat f.rom gnte i ng source 15.

o o mealeBle B iR T Sabi AERR0R, e Iy kI RBIE, 03 CPTCE, o

-i ntensi tystb‘:ﬁlccbdpbdmadptmmwéfduﬂbﬂmctowteesﬂnmaglﬁtmfsltbsltrsrmﬁl 35 referred to as

the ,torward I ule 15 may be
2F RétMS Fﬁ%ﬁ% gﬁﬁﬁ de Lt%ﬁgﬂc %e%%@dénts%ff gxfe@y%ﬁ&f fmid

coup ed to neans |vert ng a sna t1on orward power to a
si de br afeeprdampgithfhedpenticyy Amaxﬁéaeﬂ@ﬁ@uc&swwpvemmeunmlﬂ@is Wik forward power

to a sidgapp r@vﬂ&'h&@d‘av&%a@iﬁ% ﬁen%_lﬂpf abeRUIRI Gy, dAdkougRYihREequbRies €Xanpl e, a cross
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may be employed. For example, hl gher frequencies may be employed to enable a smaller

meastrement area on the wafer or other item being tested. Source module 15 may include a
30 - Gunn diode, for example, and other sources may be cmployéd. Source module 15 includes
: the microwave source 16, such as a Gunn diode, which is coupled through a waveguide to
isolator 17. Isclator 17 may be of conventional or other suitable design to prevent radiation
from elsewhere in apparatus 10 from entering source 15. Source medule 15 further includes
_ a power detector 18, for detecting the intensity of the microwave field. Detector 18 is also
35 referred to as the forward power detector.
[0016] The output of source module 15 may be coupled to means for diverting a small
poriion of the forward power to a side branch. The means for diverting a small portion of the

forward power to a side branch may be coupler 21. Coupler 21 may be, for example, a cross




5 guide coupler, and may be nore specifically by way of egpgg{oge,az(%%dB
cross guide coupler. The diversion of a portion of the forward power is
used in properly calibrating the Hall effect probe to zero in the absence
of an applied magnetic field. The side branch 22 has a single conputer
controlled variable attenuator 35 and conputer controlled variabl e phase
shifter 4800i030%F der to produce a very small signal POT/USBIA3GHEY oper phase
that can be used to make an tiltra .10 fine correlation in zeroing the Hall
effect probe in the absence of a magnetic field. As the variable
attenuator._and vari abl e phase shifter are preferably-conputer controlled,
adj ust negide couples, apgwpy hermpresgecifically\Riy WRY 95 examplea 2OdER5ePs EHdRCOuDleh princi pl e, the
vari abl e Taé diRRa 0P poritd o AvardpbwérliAlsediPptbitild SalibRiMsd < Al 8gctSt abl e. [ 0017]
The main o t£Ut of cgqu Ieg 21%I be rg}‘,@rr%&gto s mai.n. branch 24. Main
15 br anc B praidics "‘g"eﬁ g @yeliege st ?Pgli‘r??s'??‘bﬁ‘flg@f ni crowave

radi at i onordipatet doamnstied vatitble atbnuathds Anddompdt cahdrolddwariable phedeshifterent | onal

rect angul ar V. i.de_ 20. in Fi r ef r detector 23
i s shown mﬁ’ﬁdewrfg’ipgog T gr‘{%"ﬁsﬁa}ﬂé‘%ﬁg?ﬁ ?é%”*e”af Pg%)s\?vtehratcgne eeucs?éotg 5‘%% @%ct s nicrowave
powd® beifingrotreletion in zeoe e Halheffeptarebt inithpnb@ie piawasdetc felpl 4yth91. Refl ect ed
power del gkt o3 tddblc BRNERiRGAR ek afly Lol Siilonld iBmbAck 10tO M N

branch 24. 2 Feé' ¢ not ed above, a circul ar vvavegw de 1s provided
posi t i on&@facitaedclepijlbe updepstopdiiatdn PripgiPcthorrsieirugoneePess  Specifical ly,
ci rcul ar spimy eaad eaffily Sivsidipl ed t hrough coupler 21 and main branch 24 to

raner tion odiThe SRR ewbEA R ol BRI PR bt R lte 507 8 o o
cyl i1adr i babchWaprefguablgl baswivialegeidcior teatdnddsion sfosisreg@ave tadiation téiranecitidnar wavegui de 50
transmt . T . iati. ' F: Wavegui de

cint erfacZS'%L%/%r%g%%%ﬁ@'d 10" g@%@%&éréc%%g’hﬁ%&)@j %%}gw\/\#\f?&?gbr exanple, in
Fi gure 22 r¥fisetedrotpl deiegjor@P istshasndt majy branch i Refested@o®g detectpr 8bnvent i onal
Wavegui dgu20 nitiShavbousAlell fitlsBtted AShatilion 25 &uaidbbapi# 81, ighkaat i on and | oss

of signal strength. The calibration procedure is set forth below. G rcular
wavegui decvspdstestor I3dgieetuppwstiietieppdirgmyied itens badkiMapain&wrd24t o the 1 ong axis of
- c?n\aﬁnti onal _[msae:]glﬁbt_d@aba{lik,aalaﬁar?vﬁvgaahéigpxaﬁfm@oﬂme&lelreeéi\feect ed byI adj ust ment
of the position of. circul ar vegui de . along.its ng, axi,s relative to
Phtert a g AR Rt APt Nt Bec B el oo ' s
t hr eadedcduplasct apdmaimbrench ac© s@fce 1A Gonventidnalrecveaguda wiavkgnidediOisst nent 55 i s

_provided ] - . X S Gl | vegui de 50, so
Priat t hecied HEx bRl v S35k SuleiBlodil 8 Cholcielle 44T S0 00 2
[ 0019] Acylindrical veteepide withoadirelday cross-sertipnl Gircwlaravaguidé Shiiosmits ety eri al at a

measgyr eNgRTEL il RERL iR addiel. Cirllie WONBUE i@ Ads iORubiEAD Skt €d from the
circul ar vvavug‘guslode 50 is receiyved. be a wafer or other
Y

conduct i V&¥eg rHBvay fongxample, iJeigi 2. é%y g?&gs}ggg} the oM Waregds B & vacuum

- chuck.  ShQbverdiidil ReveAfdc2 iR BE cafifratbdScaRRfully ioGRflmize roflBtien 4B WA of 60 4 31 Cct ober

2005 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

30 calibration may be effected by adjustment of the position of circular waveguide 25 along its
long axis reiative to interface 25. In one embodiment, circular waveguide 50 is mounted in a
threaded track on interface 25. A circular waveguide adjustment 55 is provided in the form
of a handle that rotates circular‘ waveguide 50, so that the vertical position of circular

. waveguide 50 may be adjusted. '
35 [0019] A mount 60 is provided to hold a sample of sheet material at a measurernent

location where microwave radiation transmitted from the circular waveguide 50 is received.
The sample may be a wafer or other conductive test material 59, Mount 60 may be in the

- form of a vacuum chuck, Short tuning adjustment 65 is provided to move mount 60

4




‘WO 02/ 090922 PCT/US02113643 5 precisely. Munt 60 is ada 09 a
wafer or other material in sheet format an end of «circu ar vvavegu I"de 50
opposite to interface 25. A noving short 58 is provided on the opposite
side of the wafer or other material fromthe opening of circular wavegui de
50. The short 58 will be placed '14 wavel ength fromthe wafer or other

mat eri al . wBlmew2s8 is in the formof a conductive FGEES/1¥4Eh as a
copper-covered circuit board. 10 [0020] As noted above, a detector 18 is
positioned in source nmodule 15 to detect the forward power before division
into main branch 24 and side branch 22. A detector 23 is positioned in

mai n Sbr ameRsey Menl iz adaprafehold avesfer erothsrmsisrial 8 ghssidorpsiwsend ofhe ref | ect ed
radi ati omlraﬂ&@%gﬁhetsnoﬁﬁ&@%@t&ﬁﬁ&zmamﬁh@shaﬁwmgﬁhaédoa%l on as the forward

m crowave radi robe. 7 inserted [n cirg r. wavegui de 50
p0s! 1 on GBS e Pl oty PRl o Seoniiok SR PRBP G Rel | cct ed from
mat eri al smmsmmeepdicedmw#velen@ﬁmmmmhrotﬂanmatbmISheftﬁZarstnther adi ati on has
ppl ar i Zag&:@%ﬂ@o&&fﬁﬁgsﬁe‘é %ﬁ%—c&%e% {r&&tbba% of the incident wave. As

el ow, e rat|

di scusse rocess provides that only the Hall effect
radi8tion is [ﬁﬂil@l@&m@dalbryc. dettftctoella&lenqsmpnegﬁl sofirGopddple fitoldeteat e 70 i s coupl ed

through ¢Qaxh Bbwek be@&e aﬁmaﬁn@alainrmﬂéh z@fandﬂswe%ﬁhéh@@ak gk 2441 er 80.
Di rectional coupl er 80 be a 20 dB directional coupler. The output of

br anch 2291“05?%1%1’1‘“{55@%‘?‘%3%"?\?"638*@% r"ﬂFf‘é“é'FF%W&PWI moEifietdnd vari abl e phase
3 hifter, md&u@maﬁaed@dct&@orammmlapa;ﬁepe]fmﬁudnasglb eivddrd @RIbERI 80. |Th§ out put of
i rectional S upled to et ect or e calibration
“process, © tqf?})gggﬁéqsﬁﬁﬁm&r% H@‘?g‘f“%!?ﬂ) POSHONG4AP T‘e‘eafg‘iagé& 95 detects
onl yi5r adinadmvmme ﬂadtmon gflectqddiommiaegslipositiopelriptn dicown ehocld Ghd lﬂialteffecft t he forward

radi ati OI;Ia é—}uhﬂr}[& g%%gdégénmﬂ%%%agmg 0“%%89%“? ;Vgr 5 is thus Hall

ef f ect fTom a sanpl e s of an exenplary
enbodi neﬁtscwdbfﬂmv thpaaiiéiaﬁﬁn@rpcesaprpﬁ@ﬁsﬁ\atqnbv@gﬁhﬂéﬁectaﬁwonm)unt will now be
descri bega.Fa® Hﬁlcﬁtebtérg%n isonetric view, with partial cutaway, of
interface 25. g%a is a sectional viewalong line 4-4 of Fig. 3.
Interface 25 [#f2L “@EP%?Q%%H“ ﬂ%@?@ﬁ@%@egﬁ%@“@é@m&tﬁﬂﬂl ed at one end
tEe?gof E&gﬂﬂswemieb@ﬂﬂlco t/&)gﬁﬂydeaﬁéﬁB mMOﬁchduﬂﬂeTheS)bﬂﬁoﬂﬁmchCé anggl ar
chanber an apertur rovi t.0 cihrcul ar vegui de 50 is
ot ached 2 BpRB s Beiincde ey St Bl RS St RISH iV equi do 20,
there |sn;pnt@ﬁdmbetdmaic@xpam%ﬂ‘b@uﬂpiﬁafdmpﬂneltoehp}erﬁﬁ)isbmup@dmrllabpenl ng, and having
a taPereg etl R 63, Thpgaﬁgrgﬁo?jﬁ fibs &&P%%ng\g%gqg%@ HE U265 m}’%’ tical, at 120.
ace I e

It-w |l be apprecrate I'nt er be no _ by those of
skil | i ndsttsts oahtadbyon&aflwmawéommp@mlaﬂgthﬁﬁwwwMti on and |oss at

t he gsnt eﬁ‘fu@f&&mﬁhﬁ"d&&%&bgHEJPd&e%rW@&M@fféﬁaﬁﬂﬂn&ﬁ&%@%ﬁ%na' wavegui de 20.
In Figs. 3-4, it may be seen that circular wavegui de 50 includes a probe

fl ange 16#MP¥t an upper end thereof which has therein an opening for a
probe at 110 food2]Hirtals §iad BRmPlay chbodinRERIT the Garditio 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
30 primary rectanguiar 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. Interiorio iﬁterface 23, oppostte 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 degrees to vertical, at 120. Tt will be appreciated that interface
- 35 25 may be modified by those of skill in the art by alternative designs to minimize reflection
and loss at the interface between circular waveguide 50 and conventional waveguide 20. In
* Figs. 3-4, it may be seen that circular waveguide 50 includes a picbe flange 107 at an upper
end thereof which has therein an opening for a probe at 110. A Hall probe may be inserted at

5




31 Cctober 2005 WO 02/090922 PCT/ US02/ 13643 110. [0023] H1abk&sher 2o65a sSide
vi ew depi cting an exenplary arrangenent including circular waveguide 50,
hol der or nmount 60, and rel ated exenplary hardware. Hol der or nount 60
serves to position a sheet nmaterial itemto receive mcrowave radiation
fromcircular wavegui de 50. Conventional waveguide 20 is shown coupled to
interfacew@B/ooset erface 25 is 10 shown coupl ed to cieCEib@AIEVegui de 50.
Probe flange 107, located at an end of circular waveguide 50 opposite the
coupling to interface 25, is opposite holder 60, in the formof a vacuum
chuck. Vacuum chuck 60 is supported by an arm which is chuck hol der 62.
ChucR hél%er 62 is supported by adjustable screws 121, 122, thereby

e a0, Rl Tl st abl

Cr ews . re, suppor 0 i : ich is se adj ustably

mount e SavegHian Hetesos B o ndauel s e Gt BPRRBTET St ew 195 1o

reduce t begves toostionr siebt mateyialiteln terbdeiyn sidrawate adigien fré@id circikr Wi | | be under st ood

that Ot DileaSi@inh! Gl akba\ou e A8, SR O § Blicrh9sPRBIAL93INY of ol der 60
ar e . FIgure

relative to crrcular vvaveg‘:i_ al'so ‘Shows general ly the
posilPi onshsin pengladto ciradar whneguide3P.oRipledlange 467, lopasesiat ancppd) of tic field. The

nmagnet i ¢ yhieglidh 509poRR!heQBupREY b Bitethe'95,34 oppQitd MRePd0MAeWbrmione 20 wafer or
other sanple and along the long axis of "Circul ar waveguide 50. The design
of one oFfcumshEcks Yieeuapcckflin SiPRoried b §T. Fich i Shgk RgldeeeP. tic field

st rengt hhélaarlmi& hipﬁortemy ddpteie sfazfews fjﬂlﬁiZﬂ&lﬁeﬁbﬁﬁdﬂﬁkﬁnﬁﬁdjﬁsﬁﬁpﬁﬁm As ROt ed bel ow,
i n one exanp t he etic field st at t or other item
posi ti on8W D%gqvﬁcéluﬂS{I{lgg& P EVOFEE %%%"I’SQEEBQ%%G %R@afw\é%eq%e calibration and
opertat i owhici is {tielf adjpsiehlyaiousedss BHown etvi2§) 6 24 i Spingsi32ohay bElpragided®@m entire process
may be c J i . 2 [ANGS dis UNderstood to

i ncl ude %E{v',a%gg,q%ﬁ_%m%ﬁ%ﬁ%ﬂ%&@ﬁgﬁn\%ﬁgﬁgﬁgﬂkgﬂﬁgy coroygd odrlitﬁabl y work. Room
“t enper at ofhes conSigeratipgemay| be amplesieshfor the pesisieningsqi heldes 60 rehbveesitcilary t enper at ure of

l'iqui d nighJpaRF0ake@E mmh@wsigsnerangﬁé §d4fitBn of YRk BIOShRh ploGiaRfuRf erably
connected to the Hall detector cable, an input or forward power |ocation,
and a rePycEsILREReRdFld Teqnastsic field iy applicd newendicvlato fe Barepb et o measure the
33.8 2% Nt efgketoy ot@dr sinfite mg&@mﬂoﬁg}aﬁh Gfglir@HﬁWeﬁtii@ISOﬂtﬁeﬁfeﬁgnV&fbﬁt 0E8232 or | EEE

4 us _co icatiops are preferably . shor.t .5 such as a copper
conted. PEORUY Shises e Bt BT St A g B e he
conput er odinay slall indic arit Aewied below ilaehe esnpie the Bagnatis field sienghadle t 0 a maxi num
The posi )] s b CLL i jdcadj usted to obtain m ni num
vol t age g%%%ﬂggtﬁg%%%gﬁé@h%%ﬁgwﬁgﬁy&gﬁ%G the Hall detector voltneter,
t he 35 conpul®@?4]dbeeatipption andenperation af thosppaseliisrdll agvnie disusied. Thien adj ust ed,

pr eher ablnfeaicQuRh} Serthii¥ out'st kddgh ti}RraGRTRESE femP @il ¥R uRdersida B | Ng det ect ed
voltage to a mninum The conputer controlled phase adjustnment 40 is then

adj ust edinclpie@ e | SpraRaEsHaHich pygans ey rgmtopably wirk Roop teipgifiigar e, to obtai n
a m-ni NUugRcRAes IdvaerhfRbdurd ShGh 86 bilighagrratbheliquid efiged 4t Smopldrigst ment  and

pressure. Voltmeters are preferably connecied to the Hall detector cable, an input or forward

power location, and a reflected power location. A gauss meter is provided to measure the

30 intensity of the magnetic field. Commercial meters with RS232 or IEEE 488 bus
communications are preferably used. A short 58, such as a copper coated PC board, is placed
on the vacuum chuck and positioned. The computer controlled attenuation adjustment 35 is
increased to a maximum. The position of the circular wavegnide 50 is adjusted to obtain
minimm voltage at Hall detector 95. While monitoring the Hall detector voltmeter, fhe

35 computer controlled attenuation adjustment 335 is then adjusted, preferably automatically

-using the computer software, o bring detected voltage to a minimum. The computer

controlled phase adjustment 40 is then adjusted, preferably automatically using the computer
software, o obtain a minimum on the Hall detected voltage. The attenuation adjustment and
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automatically adjusted using the conputer software, to obtarn m Ni mum
here. The ‘Hall detector voltage, forward detector voltage, and reflected
detector voltage are recorded. The short is renoved and replaced with the
sanple to be checked. The short tuning adjustnent 65 of the vacuum chuck
positi on weendpsast ed to obtain a mnimum reflectedpoomsri3edhe circul ar
wavegui de adj ustnment 55, attenuation adjustnment 35 and phase 10 adj ust nent
40 are all adjusted for a mninumon the Hall detector. The three voltages
are then recorded for O magnetic field, and then at successive

i ncr émentkdse adjugiment preputpmagindlyiadiuste pargthaxompireysefyvareTlaebttipel d st rengt h ranges

from O- 9nh1@n@§h@e D A eclr RfiRE, 3 wid ddilifr vdm&nﬁxfd'réﬂecftéd‘%!lﬂdctdrs automatical l'y
vari ed usi ng ng’ ut er_sof tware t(gmt cont r ol ma % H)ger supply to
obt ai n t NelAERA] Peofetplig shartds poyp dF‘iﬂlaEﬁdlwﬁbﬁ’ﬁF@PIWgerF th7% 1B devel opnent s,
15 signi fs}io@t&ﬂiﬂgydjhs&\t@f65rmgﬂaeztctuﬁndhuﬂdpdsnﬁinliﬂagﬁt&ﬂoemuhdmtmmmsed in accordance
with the d val ue he spaci ng

bet ween Sﬁ% ppery :ﬁéel cgc'gaélwﬁvegm gee?ﬁga%mntt %)%?t %%ndﬂd{u?) %?arlr‘lg P& %4nal ysi s
accglﬂacyadgﬁsﬁﬁbﬂﬁqoaﬁhéaﬁmfummmonﬁn@ﬂ;ﬁm@udTh@hWtMgﬂs ampbi ity and sheet
resist a”‘ﬁl%nr{]e&ﬂ&e Sg?& %dé’ﬁ bﬂagheﬁQcsx'fdc&ﬂge%?emeﬂ@nypéf&{elfﬁ%?{etﬁf the software is

provi ded e written ersonal conputer using an

| ntel Pefi¢lf slypngsis- E&?ﬁ?&ﬂ‘rﬁlg@%ﬁrﬁ%@ ks 6 iR ﬁfﬁfabllﬁl"?l@ DOS or W ndows
operati ng:a%%@itﬁﬂﬁs auloRBtidARY FYeT Ring YoRipBieR s0Bded thi @chtale @¥ Biagnet | Ndi cat ed

gener al | bl ock.600. The first ul e,. 605 a, Si naI acquisition and
Jontr ol | Ftrk gD o RS e bR FORLN it ot et IR Bt or s 1 ¢ he
appasat umg:dﬁmrylldmdma@mmemmdengtﬁmmdbeused1heccvﬂancabiﬂethq:th. shifter and

. attenuat %e umg etyv?'ald[gﬁ es%n% es a%@egetw %&u%ﬁei/cfvg]ue% gls 25 are: Hall

Power defec |on on of fer; Reflected
Power demtmnmed@nna@ﬁmmnﬂmmcmawd V\afer and Magnetic Field Strength

~det ecti on. Tk A Sth 1ﬁterpﬁé§t%%9ﬁxw{oﬁlﬂt9gmﬁsﬂ@e't8§lstﬁn9e diaggiel al conver ters

and nodul e 6 obt alns values fromt out put Once t hese signals

are acquﬁpmﬂ&qqgse@ﬁrﬂ@mwﬁghw Egerpdsdt Theapitiesse mgyde ji¥8ed on to the
Si gngl erasér@hﬂe&mﬂh@mmg a1 ﬁ&ﬁuﬂ&eﬁmﬁmmwﬁﬁﬂo%m&ﬁtﬁeoo%] Si gnal
correl at| B%Llje 610 recelvee;]ij@ll %t{Jts fro‘gg9 g ‘gn U|S|t|on nodul e
605 as. r RRSCPNIoRopiize sysier, cbg hay SO S EHER] gor 1 t s € 0

~ obtain vgénae]sybylblmclcmor’ﬂﬂﬁrsemgiunffﬁﬁ I1§‘@1gnﬂlat®131tl$1haxﬂcﬁﬂ:tﬁhnddﬁlea strai ghtforward

| correl at 11, m{){;}g%?}]mThe tHcde%I:tot h g‘?%lsfﬁsg rans%zpudcwayl e 610 is

recelved Y ARSTOr At 1 on- 1o or nati on nodul e
convertsﬂmhmaﬂmplpmshitcrasigwwa@m@ubas@@aﬂﬂlb@asﬁr th«tmeefemalahl ch is then

reags by m%mm,ér uét%m'ﬁpﬁ&%vmkam@pa&eeﬁan%f &@mh%n@\%@fe i&rﬁc@ e Qutput file is

corrposed | 1 nes of'grgenera test information, typically includi ng the

sanpl e néﬁf’ﬁ%u‘md’é%sméﬁ‘&d ; prdMagetie Figld Sireaath detentipm Jbese Bignak 4% ne cont ai ni ng
- the sanmpgsed through analog to digital converters and module 605 obtains values from the digital

output. Once these signals are acquired the corresponding voltage input values are passed on

to the Signal Correlation Module 610 for farther processing,

30 [0026] Signal correlation module 610 receives inputs from the signal acquisition
module 605 as raw input voltages. These voltages are input info algotithms to obtain values
in comrect engineering units. This step is a straightforward correlation.

[0027] The output of the signal correlation module 610 is received by the
transformation module 615. The transformation module converts the output to Sig;mﬁ Output

35 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 2 line for each magnetic field at which Halt data was collected. Each




t hi ckness, followed by a Iline for each magnetic field at dat a
‘was collected. Each 7 31 Cctober 2005 WO 021090922 PCTI Us%h?%gg?dgs

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 X and SigmaJY val ues, respectively. Al
~entries aweop/epoNKSA units, i.e. thickness in netersecTdegpiessc field in
Tesla, and conductivities in Sienens/neter. This file is used as input for
the Mobility Spectral Analysis Mddule in order to obtain the final mobility
val ues 10 and charge carrier densities. This nodule is co osed of two

" separat e e Aanlines eanigindbhsenarated gitics for fe prgiets feld, Sigma sy 3Pt henat i cal
caldclul at ISﬁgﬁiﬁd maﬁc:sigrxst Q?@é@i tmnh ms Deﬁéx@méstﬁtdﬁddﬁﬁﬁ&igﬁﬁﬂfe Haltl dat a. lehetse
modul es rea at romthe u e an erate a nobility
spect r umSEH p%}?g‘t%l VAP CHPRED, ugz?“}fs%ﬁ %/“"étﬁléﬁ%fl Shhose peaks

i ndi cat e in inétgs, mgtemzoﬁ‘esm ad rartigtivitiestin Semdnymeer. Bidfilais Meblbd - Carrier-Fi t
file 640 b pbi | ge carrier
tensi ty SRl AAER R 0ot I‘wl‘ﬁ?j%ﬂ bl a0 G380 07 2T

sol uldi ongnd dharee eprist depsitées. ;’}F@é@wé@emonwe@ﬂm twasqpszr@tepthngwtab bility spectrum

peaks is gy wrﬁttﬁh%etyfaﬁmtﬂ@&%ﬂ%c@%ﬁdﬂ%ﬁeﬁ&tﬂwemgneﬁyﬁaakl ng assunptions
about the carriers in the s ﬁ"f i men. For exanple Multi-Carrier fitting

't echni quéeRFaeRidall data. Thespmpdujes readiugyhdts Eom tf‘?tsotﬁfn%(i’iéﬁ‘“éf’]éﬁ@ gshffed nunber of
carriers amoaa@tspewﬁnt\o@pudms 6356ihEeh FROR{ds b tnybilitg Gpeb B2 Mosclfagks ealcar| at i ons

carried ut ftware invol e f n | es When t he

n cr owav eé’f‘?f) 7 gﬁ‘s?ﬁ%caggﬁtﬂpeﬁtud u?t&g fo @iﬁ%ggﬁﬁ@ Iﬁ?'ﬁ?‘m?é adj usted to
t he 15r opdikely woldlitpmdehargelvarierdbmaityi et fophdsetamieetypan anpl i tude reflection
coefficient I @9? e i npedance Z of
the circular em(/ggjé‘ﬂ]lﬁ?@g%y 2 ﬁﬁits%fu%g%at a?ef&n &p@c&%&%@ﬂﬁm ?Ig + rzr;) 25 For a
circul ar %@W@Bﬁcﬁéﬂ kasriﬁélreét‘@“ﬂﬁf@&ﬁf@wlblclﬁ@uﬂﬂnﬁé’mgaﬂsﬁé@ﬂ%en found to be

697. 5 - OgtgubidiafRrs iV¥id HhoibRall §8m E%Uﬁh@cﬁtﬁé’x%ﬁngt’@lﬂﬁqwfna]@sﬂt@ n cap. [0030]
The mcrowave electric field at the wafer must be determ ned. The electric

field anBTauiampHon hat fhgg are 3 fixed nurpher ofiogryiers x eah pih a disceetemabilis ent ed as Ex =
(1 I42_or ) d( Plu [90&9]/1&)3 w&lauomwnﬁwut%yﬁglsof{ué)e invdlve the fdllbw@inXprihcipRE T | ?)n f:l he
~anplitu he sum ci dent ve anplitudes or
The. anpl st B o B8 pP PR Ren 5 Aol SRS BEEORT Y 1 ect i on. ¢ he
only pr op:aigabdtkmgelmooshmwm gmgtitude sflectien ddeffibiendyths shudniesiflades  gener at ed at

he wal b AR SEURdIauLI Lol RIS Gl HLASEIAOR, dligral e AT a

g is;
const ant et erm ne

-

egrati ontacr 685 the circul ar cross
section of the \A/aDE@HZ)éR+ﬁbde The conductl vity, a., or axy, depending on

the XIS = (11zZ2) (1 -
5 TR iy gty 1, (L9
F2) 1((1 wep@ych gopmatemgasyrapeptof 2 thiMar e i s al so a constant
~coefficient a6l themicrowave electric field at the wafer must be determined, The electric

field amplitude in various axes, By, for example, are represented as By = (1 + T') (PiocidendA)'2,
and E, = (Pua/A)"™. In the x direction, the amplitude is the sum of the

30 incident 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, gy , O Gyy, depending on the axis, can be represented, using these

35 - values, as Op= (UZ) (1 -T2 PO + T + F), and a3 0y = (F/QZ(1 +T)) (1 + D) (3 -
T)—FA((L + T)*+ F%), where B = E ,)/E",,. There is also a constant coefficient used to
multiply the theoretical values of F since the currents that are locally perpendicular to the




multiply the theoretical values of F since the currents t ally
perpendi cular to the 8 31 Cctober 2005 WO 02/ 090922 PCTI @3@&@5%@%
excited TEl i node do not couple exactly to the orthogonal TEll node. The
constant can be obtained by integration and has a val ue between 0 and 1.
The previous anal ysis assunes that additional TE1l nodes that are

gener at edwoezassohe wafer are negligible. In sone caes/usirasesd s not valid.
For those cases, a multi-node anal ysis has been devel oped and can be used
to determne Signa XX and Signa_XY fromthe reflected m crowave powers. 10
[0031] In order to obtain the nobility, the results of the cal culations
abové@ ar éxcitefiiomeds de ey equple pxagifyiie the préogapldBnaepdprain eempiant panded i ntensity B.
For one %&ﬁyiﬁ@ﬁﬁbﬁﬁd?ﬁaw@eﬂg@%@ ﬁ%ﬁ.dﬂﬁtpfe‘;‘ﬁué'aﬁﬂﬁfs,assﬁl?@tﬂﬁﬁr rier mogi lity
is given by.p = (ar a, ~ . e nmuttj-carrier fitting procedure
wor ks as “'?%ﬁ‘q%ﬂ\;@il 'P?q\é%”@,m?ﬁ@‘“ﬁ'i‘&%tﬁ‘]r WHHREREIRRL e TR for a single
carrier  usivag. tHaehdse eqpds eomuliBinbdedndlygis frhsrbiest deeldpéiand @@ dé used®d® squar es

devi ati on_bet ween 't f.iof t d ur ed . Hal ata (6r and cry). The
uncert ai %?tﬁm?%%gé"ghﬁg?ndts e%@&n;?%ﬁgc{eﬁ%%?%ag% "o wei ght the ternms in the
| east0- squar ed865lihin arder to phtainethy/motilisy, dicmestilsaf ipealculafidue ibpvesand ut i on. The

uncert ai iR dkdehdd RihBE hvela ARk el iRGiRITo} G B8R Seliks in @M € esti mat ed
fromthe conponénts of the Hessian matrix at the mninmum (at the solution).
[ 0033] Néirgle conpretivereyes psaeior mebility B Sivemy bedP»PBiPxusi ng two carriers. The
starting 20 \vgdsbiese bfti-dulier faidyRloteduR HRAS At IR WA FEstORt gbi@sl by di spl acing the
previously-determined single "carrier to_slightly higher and | ower

mobi |'i t i defermimsithedeshiit fox a finelpcagigruaing e P’&@WP&%?d‘PH’HF‘H’é‘”h?J’F%edure for a

si ngke CaduateCdevia®nGaRben R died A MEasREEHAM (MPard0L). Thd un@faibeg ivary. The
uncertaintjes in the derived paraneters are again determned as in the
descri pt £ 0%5‘?”‘?3“5‘?‘1616‘?@“Segé"r‘g‘?%‘ﬂh“f”f%““b@‘b]@’f‘sfi i o e statistical
F-test t obtais the MaitdikdNSlution) Miefuncaniaies hithd datves eokilig atfratiardensity, 1.e., it

eS| MRt €5 WGLAE hom At ib O 8 nd B S0 RS LIBI AAdyLNe F1t by
enough t0O “conc ude that a second carrier prooaqy exists. "This is a very
usef ul f eat urle038] ezt the progrem détergines theebesfdigwsing dwaeatriervalhe stetting nunber of
~stabpsti Galds }B'orﬁfegﬂdpiékglgﬁ%d%rg 5t bl bl Bflactls o DA ROER dlefmbciGingSanpl &, The

procedure contl nues, one carrier a ine and estinating the

~si gni fi c&3mEe to Hehtly highes argderee mpbikitiep. dhe Jimplex prosedictis iBical B ar ri ers exceeds

Pal ft hfp%bm%o&gﬁmg;mﬂﬁabﬁeﬁtmﬁtf&%atre&@tﬁ%mmi&hmﬁ@@mthet Ee procedure is
erm nated. [ OUS Su r 0 es regu ts. co ar 1 n t he or egol ng

T i auBEeRE i b AR 0 SRS o A BEPPRs LSt od o ngl e

magnet i ccértiee] The pGerkia kiko dsexsalpniataties] Fagselo s@itnate the sighifilaede@ithe £ABHE PHEMI TEST

RESULT SEMMARTY, Restim$Std Ve ahicdl NGl aenld: frndrd Ve fe sy hidobn 10

conclude that a second carrier probably exists. This is a very usefid 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,
30 at which point the procedure is terminated.

| [0034] A summary of test results comparing the foregoing techniques to known
destructive techniques, namely the contacted single magnetic field DC Hall techniﬁue, are set
forth below:
TABLE

. PHEMT TEST RESULT SUMMARY

A - CONTACTED SINGLE MAGNETIC FIELD DC HALL
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NONCONT Al
MAGNETI C FI ELD RF THIN CAP PHEMI SAMPLES WAFER # 1 Sheet %1%;6&%%2
Mobi l'i'ty carrierslcn2 cn2N--s A53912. 67 B47212. 848 B4780 -2.837 47532. 859
4751. 32. 848 STD24. 1150. 00898146 STDY®. 508%0. 315% WAFER # 2 Sheet Charge X
E12 Mobility carriers/=2 cn2N-s A53912. 67 B47212. 831 B47802. 852 B47532. 827
4751. 32. 8806L®®72 STD24. 1150. 01096459 STDY®. 508%0. 38 PYETHRAK4TCAP PHEMI
SAMPLE Mobility Sheet Charge X E12 cn2l V-scarrierslcn2 A70962. 44 B77831. 46
[ 0035] Analysis software may be provided for use in non destructive,

noncont a";ﬁ-f%&ﬁﬁéﬁ%&nlhiTI%LEfnthéNﬁglFfE?.%dﬁFt or wafers.or flat panel display

~materi al

mm >

STD
STD%

wom >

STD
STD%

THIN CAP PHEMT SAMPLES
WAFER #1
Mobility Sheet Charge X E12
cm2/V-s carriers/cm2
5391 2.67
4721 2.848
4780 . 2.837
4753 2.859
4751.3 2.848
24.115 0.00898146
0.508% 0.315%
WAFER # 2
Mobility Sheet Charge X E12
cm2/V-s carriers/cm2
5391 2,67
4721 2.831
4780 2.852
4753 2.827
4751.3 2.83666667
24.115 0.01096459
0.508% 0.387%
THICK CAP PHEMT SAMPLE
Mobility Sheet Charge X E12
cm2iV-s carriers/cm2
7096 2.44
7783 1.46

[0035] Analysis software may be provided for use in non destructive, noncontact

measuremnents of full ssmiconductor wafers or flat panel display materials for use by
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10 31 Cectober 2005 WO 02/090922 PCT/ US02113643 5 operat or g, W {p dqsnal
training. Experienced researchers are provided with the capaB 0
performin depth studies by varying readily accessible test paraneters:
Such test paraneters include the magnetic field strength, the attenuation
and phase of the m crowave signal along the branch. The software al so may
.provi de gwaphesen2di spl ay i ncl udi ng plots of the nobi IACrpsSezapaEtra with
conductivity and concentration as a function of nmobility. 10 [0036] Plots
of carrier concentration and rmbility as a function of magnetic field may
be dlspla ed usj | e_car r solution to the data _of each field. The
si ngPe c&PFREFW &é‘gﬂ"ﬁ‘l"is?i’l‘fg Hes @gr;ac Iesegrehots A1e 1Y “@ﬁ&‘,‘kmﬁ)?@? Bnalysis; a
sanpl e Wiptdbora irsdepth btediGdy Firghg m&dﬂyicdesmm(dastbarimdtdae SachTest imeineie®r concentration
and mbi l1ﬁc}uﬁe ﬁl%ﬁl?gg%%%% d\égen%tl therlﬁcnu 031161}8 pﬁas cmlcrovgf:a?.rgv%gns a sanpl e Wit h

nore than one rrrerts oIt vart a sa15funct|on
of the ndhgbeanshe The softeare LGOIy progils grammsmsym@}dum@moérbb aylityas sheet

concent r%ﬁ&%ﬁ%ﬂ%&t&t}ﬁd%&&n&%ﬁma%@é%f%bﬁ@e software. A cal cul ation of
the volunetric concentration of electrical carfiers can be |aunched by

chedRi ng t he WPALIANF Scapipreonceimion aadmebiiy s fnption ebmaspetic 8eld pry ¢ hi s operati on
s ﬁel ectbeatspéatygtmsﬂg\@mﬂ%ewzatrﬁfsoﬁ@&nu&th@ﬂhta cﬁez@?ﬂﬁ%l&%@ﬁnélb}baﬁhe mJIhtl h carrier

t echni que_.an I e a separate w ndow th the entry
fields f&M °5§7é’? %eﬁ?{@ﬁ“%%dhc aﬁﬁs’e"‘rsaﬂﬁ)‘g‘ ch g‘T‘ Equ}?atl on is then used
t 0 cal culesttt thesemclepieatoh@niralibroint siolilit imetpative ofthestigheic eldnd epi - substrate
interfac %%TVB%% Qﬁpletxﬂﬁxﬁoré{ﬁantoﬂé GKRGES, e]hs%%]ﬁ 1 SERPVELENE.s2Yer can be

obt ai ned pbe appr ecl at e variatitons 1n nmobility and
car dfer &wpiventthemigoriic figdr oss a | ayer maybe obtai ned by conducting a test

on a sanpl e, [édaﬂmammaytﬂaalsa@eanésehemom&@aamuﬂpamﬂfea:x@ he plane
perpendi cul ar to the central ~axis of circular wavegui de 50, and then

repeat i nindpwofthrspftware, Acalcplation of the ylumsizic consentration of ¢lecisicdl armiery optain a nmap
of nobi | lcén)be&&i&hcd%@bﬁdcﬂﬁgtﬁ@ﬂﬁ@ﬁidfﬁ&te@lﬂt—sc{e&ﬂﬁ%sdfhdaieﬂfﬁnh@pdrﬁivb@ntI on has been
descri bed % ve W th rLesn ect totr X articul n‘% i ment ?ﬁﬂ no |f|cat|ons and
subst i t ul% SRR BFHEPHE %“FS’PPF yé‘&ed'b@l‘%?ﬁef ARG 2 AR 30 be
-appafent itazefatazsaendofv tepkihdriwith the bty fialds for Jaykr BibkdSstaotbenrieR@GRL TMO 02/ 090922

PCTF USO24 A4 B e ol A8 bplefin whind Aol Pl RS LY eent. of

nobi lity carrier concentra nrn conduct | material s,
conpri si AEpstrae igigriapas,ea that thoime ickness of the conductive layer can be obtamed

[0038] It will be appreciated that variations in moblhty and carrier concentration

-across a layer may be obtained by conducting a test on a sample, then moving the sample in
25 . the mount in the plane perpendicular to the ceniral axis of circular waveguide 50, and then
-repeating the test. ‘This process may be repeated in order to obtain a map of mobility and
carrier concentration.
[0039] While the invention has been described above with respect to particular
‘ embodiments, modifications and substitutions within the spirit and scope of the invention will
30 be apparent to those of skill in the art.
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a circul ar wavegui de positioned to receive mcrowave radiﬁt } &Bb&f said

10 m crowave source; a nount adapted to position a sheet naterral"Ttemat a

neasurenment location to receive nmcrowave radiation transmtted fromsaid

circul ar 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

radi ati orweoumer? 15 a second detector to detect thecpeserns@d the m crowave

radiation reflected froma sheet nmaterial itemin the nmeasurenent

| ocation; a third detector to detect a Hall effect m crowave power. 2. The

device of_claim 1, further conprising a probe positioned in said circular

wavedui dévietisglppedisione hei ng coupled to said third detector 20 3. The

‘devi ce ofl. A avvig dr méasiirériva of GO sl cagicofbeit@tda if tialince@eer positioned to

receive mcra \(/:gml‘n%dl_atl on fromsaid source, said directional coupler

bei ng couple a%fﬂ%‘ branch and a main branch, said nmain branch being

coupl ed to said cémicuivaiesqusgegui de, and said side branch being coupled to

said third det eCté)Jirmﬂé‘wan%ad%yiH&lgdfafrecggoaﬂni@oﬁaw%&ﬂlﬁ) qd side branch is

coupl ed through a variabl € att enuat or 5 and a vari abl e phase shifter to

sai di0t hird deNEEVHPSOIE The device of claim1, further conprising

cal cul ating nmeansa hévnt kogoRiGonthathedt thatHA it 6la melelr@6hObGtias f or
ent.ration based on said data. 6. The

calculating nobility an rrier . cent,

devi ce of ol AFRVImERYARYE LRl A BB TR wavequi de | nt er medi at o
said mcrowave snundpes paltidned & iokducd 4 Baghaic fivld wialguescliecatimbier ei n sai d circul ar
waveguide is .30 ] I iLf]on elatjve. 1o id conventi onal
wavegui de. 7. The’ ge{g#%ieogg)fdgtg{?g?Hﬁwée?oﬁﬁee#gljfwﬁ&‘}seéaﬁlﬁ%ne%%%d detector is

posilfi oned t o detasetond defekiontd detect the pomened the nfijretadle wdintion geftbetddn sai d

conventi onal pWaVEEH HferiaBtem 1Be HEMERnObcafidbl M 1, further conprising a
detector to detect magnetic field strength at the measurenent |ocation. 35
9. A method for m&ﬂ%@%ﬁ?d@ﬁt%ﬂpﬁﬁw@wa%@am er concentration in
conduct i ge Tah@Rfce oMRIET, idth& c6RiTIiNE &R8belpoGticnbER Saiddircul @QARIE@Ed, Ng M cr owave
radi ation froma. m crowave spurce: 12 31 Cctober 2005 5 WD 02/ 090922

PCT/ USOleﬁ%‘i obe PEnE F°p tﬂ&"“ﬁﬁf@g{eﬁ%’ TEl 1 node of the generated nicrowave
radi2at i oa. Thedeesdicla 3 frtberaommpisidgic ditevtivpng hapler pugitlodedtoaecsiseet nat eri al

sanpl e |.oc %c%tva% raftadlh Ro rsa?c{rs%%c, sé@ﬁ%&doﬁ)ﬂ .couplcr being coupled to a side

branch and a main branch, said main branch being coupled to said circular 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 varieble attenuator
25 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 carrier concentration based on said data.
6. The device of claim 1, further comprising a conventional waveguide intermediate said
microwave source and said circular waveguide, wherein said circular waveguide is
30 adjustably positioned relative to said conventional waveguide.
7. The device of claim 6, wherein said second detector is positioned to detect reflected
microwave field strength in said conventional waveguide.
8. The device of claim 1, further comprising a detector to detect magnetic field strength at
the measurement location. '
35 9. A method for measurement of mobility and carrier concentration in conductive sheet
- materials comprises the steps of:’

generating microwave radiation from a microwave sotirce;
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during said step of transm ssion, applying a nmagnetic fie of .a first
selected intensity at the nmeasurenent |ocation; 10 repea#?ﬁﬁk?ﬁf%h%fep of
applying a magnetic field enploying a magnetic field of a second sel ected
intensity; during said steps of transmtting and applying, detecting

m crowave field strength at a forward position; during said steps of
transm t t wog2emad2 appl yi ng, detecting reflected m cr owamwsozii@sfield strength
refl ected fromeach of the conductive short and the sanple; during said
steps of transmitting and applying, detecting Hall effect reflected

m crowave field strength; based on the detected mcrowave field strengths,
cal cdl ati ng val ue&using orbnthe TEL) medepf thgepesied misrveie edigioan. 20 10. The

et hod ofsudeds@bd t0 a coMb@KiRd shorbaid & aSh@PmAérial SRMS Hhdidd S0 PmERIMmSES transmitting
m cr owavz?cr adi ation through a circul ar wavegui de. 11. The nethod of claim

10, wher e¥Ai%%i d step of detecting Hall effect reflected microwave field
strength conpri sedurips aidisep ofyragsniissiol) @prilyingsanagnetit ficldibfarfirsngekergdi de, and
transmtti i .said probe to a coupler, simultaneously
transnit%#%%ng%mg#%%%%g%ggggﬁﬁ phase 25 shifted portion of a signal from

~ the Microwave sourrsatingeaidsiépd! explyjpise magngiicficldemploing & inaggetivrfieldofit put of said
coupl er t3QecBndd@bfRlidnsityl2. The method of claim 10, wherein said step of
transmtting conprises transmtting mcrowave radiation through a
convent i onal wavellingraidplepsohtrapsifting endapplyipg, destinganicreave fipld net hod of cl ai m
12, wher girdagth @iadorhe posfifondet ecting refl ected microwave field strength 30

conpri ses detecti sai.d ref]lected m.crqowave field strength at a detector
positioned to e‘{‘}grégtsmﬁist@?s Rpemifting prg anplying, el‘imfgrfedf?ﬁtF H¥%&nt i onal
wavdg§ui déeld fitengtiteBectos fiom dach bf the @hdncty@ shattand thesamplonpr i si ng t he step of

adj usting a positj i s I el i teeting mcrowave
field val ues. 15.d ggaétgﬁggmg&éﬂgg%%aﬁ%%%g@}%ﬁgﬁ%cr%}%lﬁbﬁggt he step of
det ect i nguigeEHeieidsteneit d strength 35 sinultaneously with said step of

transm tting. 13 paged on the detected microwave field strengths, calculating values for
mobility and carrier concentration.
20 10. The method of claim 9, wherein said step of trangmitting comprises transmitting
microwave radiation thrbugh a circular waveguide,
11. The method of claim 10, wherein said step of detecting Hall effect reflected microwave
field strength comprises providing a probe in said circular waveguide, and transmitting a
signal from said probe to a coupler, simultaneoﬂsl& transmitting an attenvated and phase
25 - shifted portion of a signal from the microwave source to said coupler, and transmitting an
output of said coupler to a detector.
12. The method of claim 10, wherein said step of transmitting comprises transmitting
microwave radiation through a conventional wavegnide to said circular waveguide.
13. The method of claim 12, wherein said step of detecting reflected microwave field strength
30 comprises detecting said reflected microwave ficld strength at a detector positioned to
detect microwave field strength in said conventional waveguide.
14, The method of claim 10, further comprising the step of adjusting a position of said
circular waveguide while detecting micro\fvave field values,
_ 15. The method of claim 9, further comprising the step of detecting magnetic field strength
35. simultaneously with said step of transmitting. ‘
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