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NONDESTRUCTI VE  MEASUREMENT AND MAPPI NG OF SHEET MATERI AL g ﬁ OF THE
I NVENTIW&%Q@%; The invention described in this patent application relates

- to nondestructive nmeasurenent and mapping of material s, ReaAVESoets@s| y usi ng
m crowaves in theneasurenent of carrier concentration and nobility and
sheet resistance in sem conductor wafers and flat panel displays. 15
BACKGROUND OF THE | NVENTI ON [ 0002] Exi sting instrunments that. enpl oy
mPcr owaves i IVFEHORANIATPARATES FORINONDES TRUGAHI VIR er s enpl oy an
X - band mvmammmmmm%wmﬂ@mmt ce of 300
ohnms whi ch does not permt accurate neasurenent of Warers w thin cap
| ayers. Such instruments are discussed in Y. T.S. Patent No. 4,605,893, to

Nor man Braslau. 20 One di sagvay kﬁgﬂi_{ﬁfnﬁ’?? oSt ruments is an inability to

geparately nmeasure the properties o mu |p?}§ﬁconducti ng layers in wafers

that cont aiggg : 1S el JH ah-e] ect.ron-mybi ity transistor (}I1 T)
[ mlh@éﬁ%oﬁ deserifled & @ji;'il %ﬁ%flé a(pEBan@ngﬁﬁ@f tqwé?s

waf er, which contains a tWwo- renst o tyakves cap

| ayer . MFHERERR @d napping 0l marsabypeticdle] FERGE miceS ANt He 3RdsiOhidd by at

t enper afty; :!E% n 0_degrees _Kel vin, such as at 77 degrees Kel vin,
in such -ei?gl%l ng §§é€%bﬁ%%’Fﬁ%?etfﬁs%cﬁ%i’eégg@@%fmiﬂaéyml mobi lity
rel atidisplays. t he conductance of the cap layer. These instruments also

quire invol ved calibration procedures. Q03] Destructive techniques for

?riasurerrent of sheet r@ff@?@ﬁ@ QHT'EEEI&W@H L@N al so known. However, such
techni ques (009 xSetin [n6trIRBRY thak Sk r rial:.  being
measured, SUMVARY OF THE | NVENTI m?ooo@fﬂ Bﬁsg‘tép‘%s“é‘%h% gﬁﬂnoqsgee devi ce for
nonde STHYAECT Pebasedfes sawiovom Xbpnd wayegaivd confguratiam weiths elticdotdrisgn i N sheet
- mat er ip&lahdIra0e shs Which WAV, ur.ce . a circul ar vegui de configured-to
‘transmit nicrowaves recelved %ﬁg%%ﬁ%ccﬁ%%aﬁr%evégrgmg%m‘%c‘@%F%“g tive
sheet [2YRt Bchanstrumgntn aresdispusseriice Uil Pateor Nowaf, 605,898, fol Mdmpamehsigi spl ay, a

4 r st odelugs YA e faorward m crqwave power, a second
detector f oérh@gté1 ‘g{;:ﬁtf‘%g tw'é‘&r%n%gsoz\’/\n/awgl?l JRerParas r&e@&@cﬂfemm %aterial,

and amihipleiccsduction dayefson vwditretibi gt suchiddyeret EOCkigA M Eron MobiifigUl a7

vt oo adox EMD Whediich Mgiay e g beasiana igh) ceansldesis ol a fr pend cul ar
t o t hiaygl dherefifre,ohe nued méask@nibl shabGREsthie aﬁ&hﬁbﬂfty at temperatures lower

A than 300 degrees Kelvin, such as at 77 degrees Kelvin, in such existing systems in order to

.25 incrgase the channel-layer mobility relative to the conductance of the cap layer. 'I‘hese

instruments also require 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 recéiving 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 ‘




31 Cctober 2005 WO 02/090922 PCT/ US02/ 13643 the wavegui (rjt") a%%obgbl e
magnetic field is applied. In this config’uration a give (R‘&t TE
wave Wi ll cause two reflected waves. One is the ordinary reflected wave |n
the sal® 9%¥¥O%2 zation as the incident one. This is usedpto/usensisus Sheet
resi stance. The other reflected wave is caused by the Hall effect. Its

pol ari zation is perpendicular to the former wave and this can be
separately detected with a properly configured probe. [0005] According to a

first asthectavahide))a viBReMtznbtR\RI i @ ﬁbnemﬁ&ﬁség’ﬁf@ﬁ&wx]dﬁ% ifdGydnee for
uctive sheet

nmeasur enigf of mapili t arrier _concentration in

mat er i al 8¢ 1 NEPV§EL cause OGF%R&Q&%%PE%*Sﬂ&%ﬁlﬁ%reékct%v@@und@sm| tioned to

recei ve polataname thedstidhi . THOR SR m¥h&F ANBY FosRRHLC Phe @ndRMLgdapt ed to
tem at a neasurenent |ocation to receilve

osition_a sheet
Iron cr owav¥2¥PAYTEed Pftl{e%ﬁ%ﬁ%ﬂ%‘%ﬁ'@ﬁ@@@ém'&#“%ew deve mdrikignet

posi ti onead bte@epbﬂfbl%taﬁta&&@ﬂetpt@e;f]y@n@g@gdE,,Ia,ge measur enment | ocation; a first
det ect or pos;@b@ﬁ%ﬁ%itlo de ct the fDower of the m crowave radiation source;

a second det ‘{‘ﬂ? tagpeqiridha presqat ipvenkion, teretinerapided odeyice r adi ati on

~refl ect etir méasormant SNRObIliFR0E Edrdbr doh@Mrhtbnlif CondBRRY SIRPERM terlRCRLLRY; and a
third detector 05|t| one etect a Hall effect m crowave power. A

fourth JetESH8Y ??HV“&”&S%&W%’&&"%P%E&O@@O sgive micEowwave radiation Epmtthe at t he

measur enmmtowhmtztce;rh muROAAJed@GREEbIE stedt Iﬁataﬁ@ﬁaﬁa@sa&%eﬂé ¢the present
i nventi Qe ided.a nethod for neasurenent of ri)l lity and

ro
carrier €0 ﬁ%%tﬂtr ?"3‘["? Hﬁcr?‘ﬁa"ﬁ Bariibqﬁ‘(:"ﬁ‘ frgusmutteddfonyihe sirqular sraveepidei pdmaengiener at i ng

M cr owaesitiawd &t induts a tlagigioifitidiangie aithytirdnt@t ibBatibd; A MsSieREol d&ﬁ:tﬂﬁ&le rated
m cr owa at i onl??#%cesm vel ébto a conductive short and to a sheet

nat er i aIOdeéec {hgpow?:f P RRISTHPNN SP¥ SRS i ssi on, appl yi ng a nagnetic

field of sel actedd amoambﬁtyonemt@eeu 108 mmr@ffnw@]v&o&a‘@lrﬂnaﬁoh?a?g&la? at a
forvvard 03| ect.i mcrovvave ield strength refl ect rom each

of the SR %‘fti?\rl%’tegﬁd?ef“ Bl vpgenremgnb fsatigpe e thipthdetgstar pesitiased toni cr owave
field detecengiah,eﬂadnducr&aaaze@ow& t he detected microwave field strengths,

cal cul ati ng for nmobjli nd carrier concentration. BRIEF
DESCRI PTI ON ‘I‘ﬁiléi I"I %ﬁ‘ﬁﬁ“d‘ﬁﬁe@‘ﬁaﬂl%méiekdéﬁ@?ﬁ}! ftehedi agr am of an
~ appar at msasacaendbéagon.t 0 the i nvention. [O0008]Fiigure 2 is a schematic
di agram of a ratus according to the invention. [0010] Figure 3 is a
view of a potb f@n&(ﬁ?mﬁ'ﬁ to3 9550ndagRecLi il RiFSSRL ipvsntion: therpigpioviged a [ 0011]

Fi gur e ethed for mmmmmemf arldRErrRP QA A GorOh cilddbtive sﬁeet IanQ&&il Figure 5
IS aV|e aratus according to the invention. [0013] Figure 6 is a

fI onchal't "‘%fs gg%eﬁ @EP’é"r g ralidispdrany gl thaTRHimess of the genel‘ated

- 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.
’ [0008]Figum 2 is a schematic diagra::i of an apparatus adcording to ﬂ:\c'ilivention.
[0010] Figure 3 is a view of & portion of an apparafis according to the invention, :
[0011] Figure 4 is a cross-section of the apparatus of Figure 3. ' e
[0012) Figure 5 is a viow of an apparatus according to the jnvention. - |
~ [0013] Figure 6 is a flowchart of'sqftwére used according to the inyenﬁom '
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The present invention includes an apparatus and nethod for neasurenent of
sheet resistance and carrier concentration in conductive materials. The
device includes a mcrowave source, that has an output coupled to a
wavegui de configuration in which a small anmount of the incident wave is

di vert ed, wangoshe greater portion of the incident wareuse1i@3transmtted

al ong a - main branch. The nmain branch is coupled to a circular wavegui de.
The circular waveguide transnits only the TEll(transverse electric 1, 1)

. nmode of the mcrowave radiation. The circul ar wavegui de receives
radi@tion at a interface, PRIASHHUESCRIBEPNti on to a test region having a

mount  for supPef THRGreSint AR iCRBLUE biphSud 88 et SR maledheaRfa Short, or a
waf er or other conductive sheet jtemto be tested. A magnetic is provided

to appl ySEBEELISSI%‘P&%@?@#?%W“@P“Fﬁ@‘d?@ﬁmﬁt@@lsoﬁ?edAcheI’ #3 our val ues are
detected ﬁiﬁgtoiid?esdﬁﬁé (ﬁkl{lﬁkm]l:;ﬂﬂccoﬁdltfd@&awd’v?@ﬂcﬁb@ﬁ@.&a@ﬂ&vﬂ@h%ﬁm congegt ration
In a netho rat us, I he ventl tor 1Is prOVI e to
bt ot t o e RRRR s Rkl fod B et Pion LTS TR B, PL oy our ded 1o
det elft  tulamsmiited dmgtain:}auf‘qraaaclc Ot eits bk is cogpldd et abuivlaameeegiide. the sane

pol ari zaty GFavelndi tﬂaﬁkﬁﬁtﬁ&{l}fthé/‘?é’ﬁ Heddlidtic 48 g&%&e%thleml [ayd ded to detect

a second refl ect wave ng a [() ari zati on opposi t to that of the
i nci dent rédipgien. TMW@MV@VW@P%#W&%WG@W%MOFtpetﬂa@ettonwobe to detect

this r Eftésﬁ@élﬁﬂlaﬂﬁg/ﬁnou%lcshpﬂaﬁﬁgﬁthbﬁ ceﬂde&lw ieﬁﬁérb,)éucﬁ@&@h&@ ofp a directional
coupler. The diverte porti dent wave, after passing through

an at t en(ieBer °ﬁ’ﬁ’d’°%fl“f5’r’(8§‘}§e étﬁ‘?lf‘tbéﬁe“e? sA‘&?%‘Ef“’ IRersed PRl ¢ hi s Hal |

di r &6t i on@knefofish o the festiregionl hbleatfomrvalmsmaaaﬁcd infihecatdalfiondf shekt i onal coupl er

is then cou led 1o a d&%n cLar. nam%Jl LA.H&'P d %‘emv tect tth]res magnetic field

strength. 0 cf’f%lf%l}j I*—cogures T 6’? |ca efﬁé conponent s of

an appar @toviedii@ddtest thetolonicameve power butiuh eA semndldrttecoms pﬁqspaitaﬂwt 10 incl udes

m cr owav ving a frequency
%’eéeéﬁa&ig b J&%ﬁtﬁ)ﬂ%%w?cmsme%ﬁa%uw (hQY}@M

of about 1 al t hou enci es e For exanpl e,

hi gher fﬁéﬁ%@%ﬁ@@sw @dé‘ﬁﬁlaé@y@@f‘t CtM?@V@gSHﬂMZ@OMM%@urenent area on

t he jpaf ek, @ik oﬂhm&demt‘@m, bﬁlb:@?b p&&éébﬁ%v%wﬁ@em@%& td Betd¥BYis| ncl ude a 30
nd ot her s urces | oyed. Source nodul e

~ @unn diode, for ex

15 i ncl uaféﬁgcedtwmwﬁeme\%\}%d@%wéo“% fo ﬂauchgU@fn fiBEE which is
ggﬁ\eleﬁ'?l %Mmﬂmwew;mwgmggﬁ@gﬁiﬂt o ?g\?hfl@m@ﬁlﬂflﬁsoﬂﬁyffog el sewher e
in appar 3?8 %&"&%ﬁﬁ%ﬁ%#mﬁgﬂg%rﬁ%b%ui’? Sotir c& r"%i)%r @n%wpﬁrther i ncl udes
-a power @b&heaccmmledtbadctﬁm A ddugth tetentpr ddteots tha megreiid feldskrenigthe mi cr owave fi el d.
Dot ggt or 18 irf18ifires 8 Aeflbs b BB e B sl P BUGTIogiEL ect or . [ 00161

The output o sour coup ns for diverting a
smal | pmrﬂﬁﬁewhthmvemnmémmﬁ@ joclpdgs raw@r«va'@ swweqdlﬂe Fhehidkeans for

di verti nghapos A& dicrBPdvd HaRne frdgli@icy of about 10 GHz, although other frequencies
may be employed. For example, higher 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




forward power to a side branch may be coupler 21. Coupl er for
exanpl e, a cross 3 31 Qctober 2005 WO 02/ 090922 PCT/ USOZ/%géﬁg;Bérzgg}isde
coupler, and may be nore specifically by way of exanple a 20dB cross gui de
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
appl i ed megpzwiRe2 fiel d. The side branch 22 has a si RgTES2EBADUL er
controlled variable attenuator 35 and conputer controlled variabl e phase
shifter 40 in order to produce a very small signal of the proper phase
that can be used to nmake an tiltra .10 fine correlation in zeroing the Hall
ef f eét pEEiRcopmers e mapeappEspesitically by faeal examplea|20dB osass gyide coupler abl e

at t enuat ghe @nekion df 4 PRtoR oPHSdAvaiiPoWr®y us@iSprbfetly Sdliblfingieammefief control | ed,
adj ust rrentﬁ)g ar e, fachl i ta%a;d. _Iilﬂvm | | bgé%nd rstooﬂ?dtﬁhat, in principle, the
vari abl e PEPt BATAEAC Atsere ghipemplicmsepets feld Jhe Hdqfuancthed 4t 4 §78%dj ust abl e. [ 0017]
The mai ncatfuptdonpdlied atitlettentitondslahd dompiteicaitoid vhubl hassshiftebtoanch 24. Main
15 branch ref.erabl y has. egui for nsm.ssi m cr owave

radi at off Fo BBt 3oy MRS Bl ol ARG B BT T 00

r ecti@ngulfiag comelatiog ini zdwing he Halbeffepiguohe inthefbsgnce ofa magadtic dltlets thower det ect or 23
I's shown ui B ReRuakl HAGRRBIE phaBREhinSCHERrRAElomPIREREk R Mjus@Ri®Ct S M crowave

power bei n%ﬁtransmtted fromtransition 25 toward coupler 21. Reflected

pover defie&riated3lt wilkhs wpdersigpdigst: ip pineiglecthayarisblapiteruaier (¢ B back into main
branch 24hifted Couldde iRduathsadivetidel above, a circul ar waveguide is provided
positioned toq.r ive mcrowaye_radiation from.sour . Specifically,
circul ar vvavi't?t‘!lfi eg’ﬁmf’gtp%@%ﬁ\lpgeaz{Wﬂﬂgﬁﬁfm%%ﬂm?g%ﬁgﬁﬁ%i n branch 24 to
sourife  1bwanchOfprefaiable hala waesghidsfge thaasmissiaw efhicrdeave adiagon tepanpii@d vi a a nat ched
transiti J | ' | | Ar e 50 is a
~cylindri gglﬁ%ﬂ\’/rge%ﬁlz&dﬁégyﬁmh%ﬁg g“%)ﬁ&%ﬁr%r?aﬂ%?%g geég%%@bﬁmé%?}éﬁar wavegui de 50
transm t g reslebtyd ppWen deect2 is shayardn wfin brivish 24 dleflediedpowatidetestok 37 wavegui de

i nt er f acge2A nliGovrRbPvweFbelnd nfrlshfitd Sdm cMANRDY kflaraRBuple? PO R fccf@r exanpl e, in
Figure 2. The coupling of the circular wavegui de fo to conventi onal

wavegui decvEndeR;iet 23sletegtypamerraficatsd feom et ifppspagkdntpmain frased 2def | ecti on and | oss
- of o8l _ggal 5gqqmgislﬁotea_ﬁbgveﬁlﬁéi@cﬁlhﬂ&tab@{ﬁdﬂgﬁlﬁﬂﬂﬁdﬁaesi%qﬁecﬁtlefecéiﬁrthhbe: ow. Girecul ?r
wavegui de, is .moupted on inter e per pendi cul ar the long axis o
onvant | GiEAROR ot 5o 1 SrsinRl s ey T Bty by ad; ust mant
of t he pesipled 20 andxhaitbraeh R4io savere @8) ot eendmalabomingplar waveghida®y iaxi s rel ative to
interfac ' iJrent .. Glr \‘,‘%QH. i & ounted in a
t hr eadeda{u_ﬁlgc}ﬁ?!l %ﬁﬁ{ﬂﬁ? g@ﬁ%e%& c“ﬁ\ﬁ%i“%géﬁﬁ ger%a\'/vaveg%i 15 a%% sz’sl{g)rrent 55 is
pr ovi dedcylindrich] avayegpids wighfa ciroula ra$sescotipia tCicdar aavasuide ippsmits gplv egui de 50, so

t hatst hegy eftiicl oRShdiddeh CRfue Wt inBresul depirlo BRMaPe adj usted. 35
[ 0019] A nount 60 Prow ded to hold a sanple of sheet material at a

] IS 1 10 NhO ¢ )
measur enEaEguide e ahevmnionFrarele. i Figusi Joe soupling pf thecievlanversetiged from the
~ Ci rcul ar pwaMadishdl ®avfhideD0 kG 84 daBEkated 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

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




‘The sanple may be a wafer or other conductive test materi Ioétt%b Wt 60
may be in the formof a vacuum chuck. Short tuni ng adjustnen B

provi ded to nove nount 60 4 31 COctober 2005 WO 02/ 090922 PCT/ US02/ 13643 5
precisely. Munt 60 is adapted to hold a wafer or other material in sheet
format an end of «circular wavegui de 50 opposite to interface 25. A noving
short 58 weopeon2ded on the opposite side of the walC@Uusen3i@s her materi al
fromthe opening of circular wavegui de 50. The short 58 will be placed '14
wavel ength fromthe wafer or other material. Short 58 is in the formof a
conductive sheet, such as a copper-covered circuit board. 10 [0020] As

not ed abd¥esiselyy Npi@isdapied tq kol of pro¥hetmsteriakip ghegtdorsiiafierd afs t o detect the

L 0[ vva{d Qg%i@&wbk%é@de%wﬂ:ﬁ&iéit&ﬁ!eﬂfdaéﬁ. RRloRinDidR 68is Sbviatibn®ede branch 22. A
etector 1S

, itioned in main branch 24-so as to. ect reflected
1 o oway SPREESHe SRR o et ot B PG BB B P lor 23 has. t he
same pol abarzZ@wiilbie pasedt'heavkleugefroth the wafewantier magehizht Shon 58 isilthe probe 70 is
|nsertedf&ﬁoﬂ‘go§&uc§\;es Y%g‘?%g%?l’?g"cg‘% Q0§ d 4 0 detect Hall effect . 15

m crowave radiation re m materi al pdsitioned in the vacuum chuck.
‘The Hal | ef f d8420] Asrdied eliosm 2 Befestop Bl inpdsifioncl frsoperpaindil wideiect the the

pol ar i ZatghQhka Bhwet Biork MGLEERD miRYEinchAS afH e ¥RRG32 DR ldAMkor b8 Cal i bration
process provides that only the Hall effect radiation is detected by Hall
det ect or Posiongddmmain biapoh 24 3548 [gedetors reflected aisspwaye paveh IdR *e€erdi al 1ine 75 to an
i nput of rfliafi@CdeteQtity d2tektds O8I @& s pollizatditak BB BrwLOMPldEve80 May be a 20 dB
directional .coyp|er.. .The output of bran 2 fter sl.ng through the
5t enuar SPnGaRLR 30 § dprien Pttt v gffetp b e HerBRIEHA . an” Phout of
di r €6t i omadrovasepdigion 8flectéiiiemaonstepal tpositfonedi in the vacomadhudo Ujpd Mall e8ecti s coupl ed to
Hal | de .OF . ] j Bgrg : ILb bel ow, provides
that t hegﬁgp‘% hésgq%}aa(r:l %rgn%?eh‘%{a etlt';:)tﬁlsg PR §§°?‘Z’8‘ih§§‘?‘§e§‘§ﬁ%‘_’{°}i ﬁg a pol arization

per pendi @igfussed balow, g calibfatiqnipeocsse proveided thatonlyake Hnh effcebradiption sy adi at i on det ect ed
by Hall dateabpraPRete-gshus Hall effect radiation reflected froma sanple.
[0022] Details of an exenplary. enbodinent of the transitiaon, circular

wavegui de, an®P2LiHalmprobg/ i complid traughcesial nedS torp pptef dreptionaly j sometric vi ew,
}/vi t lgopar Ecin?jer thB nal @éuplet m@gi;as:m %‘rgﬁo@é(ﬁpl&.'ﬂ&o&tpﬁ@ﬁﬁrf.@mal hVithe)W al 889
ine 4-4 Fiqg.. Interfac 5 .has .a imary tectan ar chanber, 1
coupl ed 4 e S EE o mE R et S Bl HEHERAR 1o Coper 51 de
of r ect alingutloddirectivastioapled WO Thewutpoienf tincdonialolap 80 id echpledtodalich cir cul ar
wavegui d i el [.OL: i nt ; i to
conventi g%%ﬁ)r ag\}zl%%aiﬁ%&g@foog%’%r%?%%ﬁl?gﬁ%%tgﬁégg%ﬁ ge?%%} %555 conpl etely
filling detectspaiiradgtiondhavingrepplarizption newprskicalyr to thatof the forwardradisliop. at an angl e of

30 d€9r eqfis fadatiRdlbGlby HAL defediBr 95lid thi¥Etali efR3t BRRIR fenak@%ohhat i nterface 35 25
may be nodified by those of skill in the art by alternative designs to

ni ni m ze 3@t ect i on
[0022] 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
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




and loss at the interface between circular wavegui de 50 andgesprenbsonal
waveguide 20. In Figs. 3-4, it may be seen that circul ar wavegui de 50

i ncl udes a probe 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] Figure 5 is a side view

depi cti ngwam/eenpl ary arrangenent includi ng circul T/US@RAEGUI de 50, hol der
or nount 60, and rel ated exenplary hardware. Hol der or mount 60 serves to
position a sheet material itemto receive mcrowave radiation fromcircular
wavegui de_50. Conventional waveguide 20 is shown coupled to interface 25.

I nt ePfacé!®5 is 10 shown coupled to circular wavegui de 50. Probe flange

107, located [ms]errguamsQildmmﬁlafngaﬁﬁvﬁgwﬁﬁng&e&mmgmm coupling to

i nt erface 25, osite e for cHum chuck. Vacuum
chuck 60""?@‘&??&96}"?‘% fEgu ‘?Q&‘rﬁla X‘E??Pq?f% Eﬂlg‘i’fd’é?“"%’é Chuck hol der 62
i's supposdresitolpysnmdjammmahﬂteaalsemmewaﬂa;crolz@ﬂ:radlimu ghy cipelarm t t i ng adj ust nent

of the . ' r . 122 are

su porteglg‘%h&% d@ &V%W&@# algglg%?f&é%tgﬁgﬁa%%b%%ﬁ%é%% ed as shown at
125 10126Sh08pP¢unlgdtP280“iﬁaw\@g%¢eéO|Hdvfbmﬂ%hew e epdoficseilige t he transfer of
any Vi br ghi.pig ﬂOBpﬂBElle%Qoﬁ’pgﬂg to anerfﬁ\!elzlj iDppdRERiRE SU0H leftdin of 91 her

configurations mi§1 ed for the p05|t|on| ng of holder 60 relative to
circul ar V¥ é°5y, "h‘i—e}‘ &rporisd Wean e wEich i SR hlder 64 E0Bdsi ti on of
magnet l&ﬂde)f\m 1@hlppdr@&bpkﬁﬁxsﬁﬂmmﬁemsm,rmm&ﬁgmﬁmng adjistheslt of THee magnetic field

is applied di th I f.the 20 wafer, th I d
ai ong. t hETBRY R HePl et SebRgar e SRR aRu 26t one o' more
sui ttabl ewhlalg:ﬁeseh’adjustqblymmnﬂeﬂas!ﬂmwdaslm,é% rmg'ngdﬂﬁ may begkatidsd ouengt h is within
the |evel e%z% r?dgﬁ@cﬂé’mﬁé%ér of anb' Qibﬁﬁ&sﬂ{ %P&ﬁ% Dfifeba g ONE exanpl e,

the magneti strength Item positioned in the

“hol der i atheteanifigerasiops may bFemEJ%@[fﬂf[f‘@%ﬂzi}’mﬂ%féh@!éﬁfﬁ%ﬁe&tl‘f%ﬂ@#& operation of the

appar at Ugailide sDOMphes ﬁiko%ﬁb#&%@diraﬂif bgosmaéomgﬁee B30RLRE BRvidFRE be carried out
at roomterrperature Roomte ure is understood to _include a range of

t enper at BFEETRPAgREH V%HRPB?‘*(P&’EEF‘W%WR eﬂé’%ﬁﬂffhérrperat ure
exchodes whewsr btﬁﬁ@ﬁﬁﬂédﬁﬂ f6ng t&uéﬁg aﬁSoftcbambarwegm memmreﬂgmwene@f l'i quid

nitrogen at at s Vol.t S are, b connected to
e P ol SR PR lproviak B8 st it P hec e skt P BBt Y ©ont®s
r ef | ect ecrdipayekill indicatt] Amotcdbgaumommple;tbeqmmﬁddsttmma@ure the 30. .
i nt ensi t%a@orBQ&xtQﬁg&%bé&J q% ‘ﬁmﬁ@ oxfet ers with RS232 or | EEE 488
a y

bus conmuni cations are prefer use short 58, such as a copper
coat ed PC bo#i0gd] Thecalibration @nd appration of therppusivsotill agw mcwﬁdi thipned. The

conpiit er ofRkdoak hefberhdigbhed:t kRt @l HitdTRBIm RRpdriture IsNGdRABEMH 10 a Maxi num
The position of the circular waveguide 50 is adjusted to obtain m ninmum

vol t age Reldagrinsyelieperaiires s whigh hyraang sy, comfortahly ‘I"H]é Reopytemgpstalts or vol t net er,
the - excludes low temperatures, such as the boiling temperature of liquid nitrogen at atmospheric

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




35 conputer controlled attenuation adjustnment 35 is then J
preferably automatically wusing the conputer software, to’oalgdr)#ﬁ%&%g%ct ed
voltage to a mninum The conputer controlled phase adjustnment 40 is then
adj usted, preferably automatically using the conputer software, to obtain
a mnimumon the Hall detected voltage. The attenuation adjustnment and 6 31
Oct ober 200852108202/ 090922 PCT/ US02/ 13643 5 phase adjpasmisenissar e

automatical ly adjusted using the conputer software, to obtain a m ninum
here. The Hall detector voltage, forward detector voltage, and reflected
detector  voltage are recorded. The short is renoved and replaced with the
sanpPe t ghdseadiupiment arg autmpicallyjadipsted ueing tharompijter sefivvares to@B2iBR t he vacuum chuck
e egUT O e o160 ust rent
wavegui de adj ust men ,. attenuation adjus n an ase adj ust nen
40 are al'flty ‘EOEJGd'f'BWCS%PnﬁVﬁ‘PWﬁ‘iﬁ“BFFPP %Hﬂsswaéﬁ?‘tﬁ%‘?c *%hd™ hree vol t ages
are t heghoit@Gdizddjckuhent 65bf ma garein chudkd pedithn ivaapistbd e obtaih a RisdM@sSi Ve :

i ncreman'gi | | greater . r‘yvetei Cdea]:ij Et‘xlnéjm ren .hs... Th§t§§ el %ha%ét rength ranges
from 0-9 9% i BreY &8y thé FHEPER PP RS aut omat i cal |y
variled usdjmgnestiPpuetall pdisstrl fova menitimaen tholddlirdeteaort Hle thregvobitges gower supply to
obtain the desi o NBARES &84, fdd Reshld iRG ity o) Li.nher devel opnents,
15 si gni ﬁ%%ant‘feﬁ?o?ome%gnagenéﬁ é’deglate8+ dessit} rlg&n%n%hgﬂ%%%ﬁmgmg% used in accordance
wi t h t hefipldstrepgtts. Tifeeldpipastyrangss Sep@rdid s aminpym. Beferaly. 1d ¢ he spaci ng

bet ween mRgHRS flef if dubn@iodBy +1681 1SR cdaPuteiBl 44 R doruBls M Xagieze anal ysi s
accuracy. |002 The, data.are then interpreted tq o t?i n nobility and sheet
resi st an8¥'f Rggtam é’FsérF‘hn?%eufgelg‘iribEH”@‘P]&w ”rﬁr\?’é WRHYBY the software is
pr oub ded signift@ntydéwenmagetdvetisldaecnghs dotilé be us2din b@brdamcpeitsiadthedonput er usi ng an
 operati ngPoYRbE TS RE ol Gt e Be B R P AR e
gener al | yptimjzep fogekin6@AnalfEls@cciia¢yst nodul e, 605, is a signal acquisition and

control nodul | i ' e .5 dhLPi sctors in the
_ 16b251 ThE hg%ﬂpﬂui 1&3&%%%;6@%3 ﬁio%lﬁg a1 hEPILEe MBS

appar atus described above an ) ) vari abl e phase shifter and

at t enuat SeferpgigFigus &, apoyarvigns ofitheasoffagpietrovided e Theselbyaprappy e Witis 25 are: Hal |

Powep detde bdrdhal cinsindPuisths BOWRT PRiAs Lo chiplhs ShRédsson i thaf er ;. Ref | ect ed

Power dﬁt gctgggoof Cu,Sﬁort d V&];fg{; an%ﬁlgg%%tlci@iel Strength

det ect i oHO°h V§3i°§?f%q“§s3§?s’é‘s'a1g‘ﬁga§ PTG 0 i tal converters

. and  nodubk@ediDfhyehtias00SThe fikstmsiufer 608014 dpnsiiagjuishibn and Wb modace t hese signal s
are acquiy.ed e _Corres di vaol t i t val.u d on to the
& gnai B Epb Ol RRRORE Boeon it bRl kB R W S0 PRRREC, °5 e

cor r el at ihe mariaglelphage sBifier andatenuaosmicaivet wellfas rmpgnet. Jhepoceivedsignelssi ti on nodul e

605,85 T QW A Bber UQLHAY BSrward BHRE dfidn@P €5 SiftftGnd WL REdRbE: BlGOr i this to

obtarn values 1 n_correct engineeri n_% units. This step 1s a straightforward
corr el at Astionof 6 Hortrre Wkt H%th’é‘I‘mﬁﬁ d Stregeth detecgen- fihage SigRISHFdul e 610 i s
- recei vedphdsed tfgh 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

7




‘transformation nodul e 615. The transformati on nodul e conv;e(ﬁ kg,ezqygt put to
Sigma Qutput 35 file structure 625 which is then read by t

Spectral Analysis Mdule 630. The Sigma Qutput file is conmposed of 14 | i nes
~of general test information, typically including the sanple name, date,
and simlar information, followed by a |line containing the sanple

_thi cknesswofogbdozped by a |ine for each magnetic fi elrCTaAS0MMd4gh Hal | dat a
was col | ected. Each 31 Cctober 2005 WO 021090922 PCT/ US02/ 13643 5 of these
dat a Iines contain tab-separated entries for the magnetic field, Sigma XX

- SD XX, glrra XY, and SD XY, where SD XX and SD.. - XY are the standard
devi &t i orféihess ety lines conjaigiah-ssparied entiics fas txwagnstiq field, Sigma F&etPhy. Al entries
are in aUXIY {afid SD_3EY, whdid SIK XXSid SD K Y'R¢ @6 Sandia@ntibm fdritgl d i n Tesla, and

conduct i | ie s/ et er e s d as ut for the
Nbbility\g%%‘gﬁ %Sﬁ?}f{%‘g %“%‘iﬁ%ﬁ"‘é""‘{}r@b@&?ﬁ“ﬁd %‘i‘%“t‘ﬁéhlg‘?‘??al mobi lity

val ues 1@nmﬂds mtamegeﬁemcanﬂ‘esbrandeonﬂmmwa@mﬁémms/ma:dtmesﬁls:sommsosed of two
separate; t hemat i cal

cal cul ati ns |n ogﬁﬁgbﬁe ﬁ%l‘yf/l%}gﬂrirlg&ﬁe |I(§9§H&?tgé’ﬂc?le&!;ebynhd§e) atl'g‘lza—tla data. These
nodulfes redeharehgsirior dpasities.fThis motiids Simpased ol iwp separftp pregrandwg@bbmat e anobility
_spectr ummﬁsafor&hbae@%ﬁmmknmaﬂcaedwﬂaqnafdérle@awesﬁmg&ﬁ@ﬁé&m whose peaks

indicate A the presencé of discrete carrier typeS and a Miulti-Carrier-Fit

file 640 9RMden Haf dpt dacse mprulepisdt npridas fpom the %qufﬂaﬁwge%wge carrier

de|nS| ty waiolr:]ﬁﬁ@ spedtruih SUOREAIE 695MWnRA inkhi@e & mobif) Sfektrub@hoR Pedks Yiﬂy:at% oI find

solutiong that ar e precise anti an .t nobility spectrum

peaks is ed’mﬁee‘getotf%&rm ng?t?ﬁé &&%%gﬁﬁf;g%i EF’ §H§°I %’f?’? hg asgungtl ons

aboutt t héikeumetilgy sndiclmrgehiarigPesitymeies fBiohosecaaieptypss. the Multi-Carrier fitting

techni que rm"f&ﬁﬂ]t'ﬁl%onlg%gwoﬁh&soﬁﬁ&ggagﬁtakc%ré%%ﬁ bk Hldlalflﬁqhﬁ 'XEd number - of
0029 e cal cul ati ons

carriers - each i scret
carri ed @gbiligygpecian thmﬁéfl?tﬁvéﬂﬂwf@%blﬁwlﬁw bygnasing ssevmptiens.  \When t he

M Cr owav @oodt VRS darrfls it M€splhd. 1Rk exdaRifle, Q&Wﬁlﬁ'cﬁlﬁ@ﬂﬁﬁgk@ﬁ fofites s a@dj usted to

the proper . distance, the rel atIOI’lShpr bet ween an anplitude reflection

‘coef fi ci Ericitassumpiondpat fhere pre a fixad apmber of Gprrips = cagh prith 2 gecreleppbilifie | rpedance Z of

~the 20: rcul ar [mwegwd b?@laﬁﬁl{scﬁrﬂihﬂoﬂ_ﬂigzihelﬁﬁﬁk&rel@olv?ﬁefoﬁowmg?nhb? + Z]Z 25dF0r g-

- circul ar vegui de o us. c s been found to be
697.5 Vy}{a’égg reowaW%ﬁaqg‘ﬁ%ﬁefsﬂga H%’P@ﬁ%%ﬂg% @ﬁiﬂ%‘%t% “B%%i n cap. [0030]
The mi cr dm@we,tleﬂr_el&itonshqubﬁweéndn ahplinfile refection conffisibnt Bathekhteresistined. The el ectric

7 B G R S YRl e ol e SRS e WP C2PT 0 The
anplitude i s the Eau-ofV®h&) 30 i ncident and refl ect ed wave anplitudes or

t he ,3npl Bhudec gk w Jagwn&eromaﬂa f&?g?(tﬁéslﬂlpﬁh&g 15?9&\4?01111(1!: \Aﬁﬁéﬂe y direction, the

onl y propagating m ¢r owave Si Ich is generat ed at
t he waf ephlah@ﬂdeﬁe@tee@leﬁWcﬂfﬁelnﬁﬁélffﬁmt@dﬂ@nqﬁmt| on. The value Ais a

constant,  Waoah) THEMicRRvafelBiiPTies iRWafeNhfObAdcleRnAC TR Rciie Circular cross
section of t he, wavegui de
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




node. The conductivity, a., or axy, depending on the axis
represented, using these 35 values, as a,, = (112 (1 - )?1 6@??&%% P)2 +

F2), and as a,,y = (FI(2Z(1 + P)) ((1 +1') (3 - F) - F2)1((1 + r)2+ F2),
where F = E'yl/E+x1. There is also a constant coefficient used to multiply
the theoretical values of F since the currents that are locally

per pendi cwbarowu2t he 8 31 COct ober 2005 WO 02/ 090922 Me@TAw288@3 13643 5
excited TEl i node do not couple exactly to the orthogonal TEl1l node. The
constant can be obtained by integration and has a val ue between 0 and 1.

The previous analysis assunes that additional TE1l nodes that are
genefat e d*ehFEt Hede dapes pougle exapflyge the piogona THugede Tasestantpambei s not val i d.

For t hosept ,m@mﬂw dnll hd¥R JRueARMedtS ﬁaba&e@&eﬁugﬁmls@ﬁaﬂ%mﬂ can be used
to deternjne and Si XY frgmther [?I cted m crowave powers. 10
[0031] | A9EHY %‘Bﬁ‘&?‘ﬁfetgﬂ‘é Eela’fti‘"fvafﬂ‘taﬁéwﬂl'gg’ o8¢ ARG cul at i ons

above ar aotﬁlimlR?Mﬁde&m,@lﬂnﬁi—mwdetaimlﬁshﬁasdﬁéneﬁiemﬂemgmbeﬂxedioel d intensity B.
For one rier | ayer, the carrier nobility
is gi ven%gtf? neS1g(n§ Yy )nga%{Yf?%nb%%%lcc%ggm ngéa%rérl er fitting procedure
wor K9 as fol I[@Qﬁslhlﬁrdpmobtalﬂmerpmhdgy,mmresulsméﬂlma&mbmnhdmbfe%ﬂ fit for a single
carrier ﬁgﬁ%a?&ﬁ&hébvm?ﬁa@&etém& E%e&ccﬁemﬁ%énﬂﬁ ftopﬁle wgsﬁngquar es

devi ati on weeén the fitted and neasured dat a r and cry). The
uncert ai ﬁ@glcimdl@a‘@ﬁamthm@err@a%wawaa%urs@w@a!amto vvel ght the terms in the

| east - squar eqo@mﬁﬂluwaﬁéﬁﬁ%gp%@édﬁieﬂv&@ﬁs fOMswh: Hikstk@é pogh Ut i on. The

uncertainties in the derived nobility and carrjer density are estinated

fr om t he JEEFRTEHERest fibfor ¢ finglqqawies using thg Simplex gethed o mipimze gkt t he sol ution) .

[ 0033] Neqﬁapesaebi@ucmma%eamnedﬁ&cﬁmﬂrme@mm&@@%& dnid o, ) Fhd ey Gar ri ers. The
roce e are obtai ned by displacing the

tart | S
o ovi oS FiFh GUBP e G W B B e GRS S GHUTH | ovier
nobi | i ti ebtain THaemosbilikgly @lutifr, Dieadeesteinties ini thtalefived aobitity aidveniepieasitgdur e for a
single P%e%éﬂatcd E?%%Qém& h&%ﬁ%ﬂﬁéﬁesﬁ{ne E‘r&aclh"‘%n%‘?ukfn@!et[xé SRaby vary. The

uncertaintres in araneters are agaln ermned as in the
descri pti on fléfi33)Nest, ﬁngplegralcdﬁmmpsthélﬂwﬁpuwgﬂmamegoTMS@mg he stati stl cal

F-tegt tQuestd ngsﬁapieggro%&@mwﬁﬁbg%y @Lplécglg %ﬁisxy?éteﬁﬁﬁéa éﬁ@he Lo b

esti nat es whet tion o S5econ |er i nprove

~enough t 62rier yightly alskas ad lowes melilifigs. E&ﬁ‘lﬂélﬁxﬁfa‘@%‘bﬁﬂeﬁﬁléqtge This is a very
usef ul f gabddi® £ b AEe darieR BHoHG ISt thord Ve 1650 kahiRES lovberskhe nunber of

SR oL et A e 1 R, RUESET, gl D6 o €, The
signi fi camte. Thefrrogrlilﬁ alacidesdhecatistica Faest W aditmbte the eiguificih@iof é secamdr | er s exceeds
tor & nat 8ot s SRR Eblied g of e ol other cida BE R bl B P00 G
t echni. quemciuds thatmserond eastiar m@bablmmstedhn iiscpurery usefid frafuag sinbedt peoritsact ed si ngl e
magnet i €k L&l & eldfsatdlenuhiRE FilaGtitany SE QAR carib® bt heeirdsén 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




TABLE PHEMI TEST RESULT SUMVARY A - CONTACTED SI NGLE NA%@SI@[@W DC
HALL 31 Cct ober 2005 WO 02/090922 PCT/ US02/ 13643 B - NON i | PLE
MAGNETI C FI ELD RF THIN CAP PHEMI SAMPLES A B WAFER #1 MobilitySheet Charge
X E12 cn2N--scarrierslcnR 5391 2.67 4721 2.848 4780 2.837 4753 2.859
4751.3 2.848 STD 24.115 0.00898146 STD% 0. 508% 0. 315% WAFER # 2 Sheet
Charge X woR2zsht | ity carriers/=2 cn2N-s A53912. 67 34TX8R21831 B47802. 852
647532. 827 4751. 32. 83666667 STD24.1150. 01096459 STDY®. 508%. 387% THI CK CAP
PHEMI SAMPLE Mobility Sheet Charge X E12 cn®l V-scarrierslcnR A70962. 44

B - NONCONTACT MULTIPLE MAGNETIC FIELD RF

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

10




- B77831. 46 [0035] Analysis software nmay be provided for usg, b@topgpzoos
destructive, noncontact neasurenents of full sem conductor warers or flat
‘panel display materials for use by 10 31 October 2005 WD 02/ 090922
PCT/ US02/ 13643 5 operators with mninmal training. Experienced researchers
are provided with the capability to performin depth studies by varying
readi ly awoeyeidte test paranmeters: Such test parangcauseiddel ude t he
magnetic field strength, the attenuation and phase of the m crowave signal
along the branch. The software al so may provide graphic display including
plots of the nohiljt spectra wi th copductivity and concentration as a
funcfi on °B‘f’at?’r'ﬁﬁiﬂ}‘?"ﬂ"§'¥a] ti”éfgﬁgo%@@]e“@flfff“smb?‘s %%RI?‘F‘%‘F W%&'E&aﬂ{’l’tﬂﬁﬂ"on and nobility
as a f ungtdioan imdfepthiatgdia@tby earfih@leadily@yessibieted paphaddre GuthIeshgrameisngl e carri er
sol ution, a f..each field. . Th i.ngd.e carrier. tion is used as
a gener allﬁcglﬁéeﬁgﬁm%é@ﬁigldgﬁeg y's&fesa‘;ééngaug%arrgglpgas% tﬂi'lf’ Eémg‘fvar‘{a g agag'lrn ier should
exhi bi t tledregehndhewftvire alsororypromide grenhigiisplrcinghdixigiplotsyof the mellitect i ve of t he

magneti c g ch@g‘ﬂthco@g&w%gkaﬁceng.a@gmf@mmnto@mgml?. t han one detectable carrier
shoul d exhibit variations as a 15 function of fhe magnetic field. [0037]

Al Wesul ts AfPolrdotypisprienrengeniration grlapobiliprfe & fuption coReATiBEA ©4Y n t he text

Wi ndow - ofbe tikytayedising@ifsle AAniéPdoRiidnas the datsf edch Bely alhelGRild deiecONCent r at i on of
electrical, carri ars c%a %g I uncaflled_ b hegKki n%lthe \/\féngiow of the
resul t - sEVEOR EFed AR Retat FifkF & otpalPifi s gpe Vst 1 e Pt ed, the

one- car r iexhibiSled serhe @nier @n@xttiacind choliljty irdegpertint ofi theomagndtiefield.echni que and

di spl aye I i e } 38 fields for |ayer
t hi cknesg"é’%ﬁ%é?@%@%&tmf%ﬁegﬂte%t%%o%a%g{%%&%}?%{ﬂﬁagﬁ%%é to cal cul ate the
depllét i ofingiiod ofile magaeticdipld. t op surface and epi- substrate interfaces, so

that the trugoishy AKEQESmA be 1iRaye@RULELbMEnaRNGmER In B8 Dt @i ned. [0038] It

w Il be appreciated that 'variations_in nobility and carrier concentration
across a “indowpf thesofeare, 4 cefenlatipn sl the vlRstEiC ponRgenifatiop ot elesficdl cadgihl e, t hen novi ng
tpe _sarrplh@blmunczélbwda&cmgxnéw wiildidbvihdﬂﬂlefbklﬂﬂibereaﬁif_ Re Betivats lmthistToge_radﬁe central axib s
of circular. waveguide, and then. repeating.t test. .This process may be
repeat ed™ Sﬂ%@dﬁ%’“ﬁﬁ%f SARLen & exfpapiedy %%d'ﬂ'lthf'fa?@fr E?ﬁ@lq“%"ﬁlfl Pﬁsg?ye% oncentrati on.

[ 0020] Wi d sepatatzovindowedopkthawith e ety dinldcliosiayer thizkincssrod @rriet type. TS pect t o
_particul ' | £ '- | [ . Within the spirit
and scopie}&oonip t %ﬁcﬁg%?\ﬁcglnm%ﬁ&%fbogtﬁdﬂgsg%?ﬁ%ﬁ?ﬁgtu%%h%g "of skill in the
art. 11 sbsteketigtstapes 3008t g shidioeod the pampaigoiayes pe hgotipinghat is clained is:

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

: acrbss 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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1. A device for neasurement of nobili ty and carrier conc%tbgt%bgrrlzdog
conductive sheet nmaterials, conprising: a mcrowave source,; ciTcu
wavegui de positioned to receive mcrowave radiation fron1sa|d 10 nlcromave
source; a nount adapted to position a sheet material itemat a neasurenent

| ocation to receive mcrowave radiation transmtted fromsaid circular
wavegui dewoaziwegnet positioned to induce a magneti c HCTAak@/13#3 t he t est

| ocation; a first detector to detect the power of the mcrowave radiation
source; ‘15 a second detector to detect the power of the m crowave radiation
refl ecte%from a sheet material itemin the measurenent |ocation; a third
det ect or Ligglemedisy Hal | effect microwave power. 2. The device of claiml,
further conpdsvisé fagm&smmha;faﬂsjiwtheﬂdameaiadomﬁ toatidetve sy equi de, sai d

pr obe bei n%m%n%i? Dm A9 said third detector 20 3. The device of claim 2,
further conprisi ﬁ B54%r ecti onal coupl er positioned to receive mcrowave
radi ation from saanjlc@wem@@rcesal d di rectl onal coupler being coupled to a
side branch and pled to said
circul ar wavequi d%lﬂgﬁgn%p{sgglﬂﬁﬁgf%@@r anc g‘ré’?ﬁfgé%ggg%’{%é to said third

det @t or. 4. "RFfEVHEYIUEE of claim 3, wherein said side branch is coupl ed

through a vari abl@maﬁliaaﬂmwosm&&sﬁaﬂn@eﬂmfmb&ﬁeamﬁﬁeausméntt@r to said
third detector v

i.ce of t her orrprl sing cal cul ating
reans o r e EPUT HGRA IO TO P BB e SR cal culat | ng mobi 1ty
and carrier concedhagadt paitioted seitkiuosa Bapndic fielt] a. theest btwdordevi ce of claim 1,
further conprisi NG 8 i&gc%\%%rhte&&% o#@mﬁgeuhgr%wé‘}éxgl Qndslc)l%\ge said mcrowave
source and said circular wavegul erern said crreul ar wavegui de is .30
adj Ust abl y posi tlﬁnf@ddd@bfaxtbd@cttbemmfdmmmwm@nm@ﬁew de. 7. The
device of cl q}oma@heemét*&ﬁflem%@ehgm&@lﬁaﬁgﬂu%wt or is positioned to detect
reflected mcrowave field strength in said conventional waveguide. 8. The
devi ce of clai m P bifdfeieriero bl eyt BCRErEPPS t o detect magnetic field
st r engt h 2atThe dhRe SIRREMT, @ifREHcothRisiak b Fiobe pdéitidled if\sAiRlilo@& Watdguig®asur ement  of

mobility anddca%ri.er Cﬁn tentﬁL tjon in conductive sheet materials conprises
the steps 6t9PgEbaPgew a‘fﬁf“’é EPadi ati on from a nicrowave source; 12 31

Oct @ber 300Be GvMOHRRINID BORS cREPTkSOB cdiRHA Boupler positioned to receive

microwave radiation from said source, said directional coupler 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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transmtting only the TElI 1 node of the generated m'crowa?ﬁagr%g’i 9,240%n
successively to a conductive short and to a sheet nmateria ample cated

at a neasurenent |ocation; during said step of transm ssion, applying a
-magnetic field of a first selected intensity at the measurenent | ocation;
10 repeating said step of applying a magnetic field enploying a nagnetic
field of waogweund sel ected intensity; during said stcemsofess ransmtting
and applying, detecting microwave field strength at a forward position;
during said steps of transmitting and applying, detecting reflected
mcrowave 15 field strength reflected fromeach of the conductive short
and the sanpl e; diApRging ety the TR sodg of the gensrafed micyasmyadiaiopl yi ng, det ecti ng
Hal | ef f Qﬁdcg_sﬁiﬁbﬂdﬂtﬁﬁt:ﬁducﬁm B6rOMWA W shdehslerbl SRS IBateddpSREsRmdhe det ect ed

m crovvavi field strengths, calculating values for nobility and carrier
concent r a¥F®H. 20 10. The nethod of claim9, wherein said step of

transm tting conpurisesidistepofstmsissiong applgigraonuanetic figdlofatfirdseledd ough a circul ar
wavegui de,, n%igyatgg'ﬁeagﬁ&ﬁ'e?ﬂo&rj claim10, wherein said step of detecting Hall
effect refrected merowave Tt el d strength conprises providing a probe in
- sai di0ci rcul ar waversetingsaid siepcht enplying rimagrietipfickd emploging k mignetinfisdiol probe to a
coupl er, agdcopdstiaRa@Mskiy;, t ransmtting an attenuated and phase 25 shifted
portion of a signal fromthe mcrowave source to said coupler, and
transnitting an W& steps of Lmamifting pdapplying. detsgtiqeaniergvave fidd The net hod of

- cl ai m 10 strenfi eiifsrwadiphiteh,ep of transmitting conprises transmitting

m crowave radiation through_.a conventi onal vequi de to said circular
wavegui de. 13. T@ﬂ%a@&gfﬁgggwﬁ,apﬂﬂ% elteﬁmgﬁ?fg“g(%'@ﬁmg?vedet ecting

r ef 118ct edieldstengh@iietcf fremdach bf thex@hductivdGhoctangthe sepledet ecti ng sai d refl ected
m crowave field . t I Y m cr owave
field strength i z&ér%&gh%%\%ﬁ??@%@?&\%&%%?ﬁ’%ééeg&%j#hgﬁ%g%%ﬁ%d of claim 10,
further &mpravesiicldstrensth step of adjusting a position of said circular

wavegui de whil e dgle@6h indekiddied RIS HeldShdhodbiGBtindvalnese Met hod of claim
9, further conprising the step of detecting magnetic field strength 35

si mul t an &bty gudrmer QugERftatitay of transmitting. 13

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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