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WD 2004/ 006302 PCT/ US2003/ 021223 SCOFTWARE
SYNCHRONI ZATI ON OF MULTI PLE SCANNI NG PROBES RELATED

provi si onal application serial No. 60/394,414, filed
July 8, 2002 entitled " Sof tware Synchronization of
Mul tsoptréy. Q50N ORATES 1 §eAﬂm1ﬁtG\MRG‘§ES s
fully |ncorporated erei n by reference.
NOTI CE 10 Certain software prograns or routlnes
di sclosed in this application are subject to
copyright protection and all rights thereto are
specifically reserved. No dedication to the public of
those copyrights is intended or nade by such
di sclosure in this specification. 15 BACKGROUND -
ER?LQTE&A&@EHi@?@ﬁQ'On This invention generally

ates to scanni ng probe nm croscopy (SPM and
f ai | urlkisapplicationsclgima)priotitydo Wey. proyjseapak appli¢atipn seyiabNo.

S f l«Q SPM
URIAT A AP £ 2001, fitdt Bpfivie S EAR iR
CesumingPriobes”,ahe dibdosied clivaichds fully asatpomteddferdie by refeencen
sem conductor mcrocircuits for failure analysis (FA)
work has often been a difficult task Wth advanci ng
t@@HﬁEKﬁﬂyNtﬂECElze of features interest for FA
has Tradi tional .net

o1 oct REEER SEHpE PROErs F S e Jéscﬁqs fin i Saptionage subject
abeopyrght ;esteqsttoﬂ lané gll righty teie@tart! spetificalyabsemedalNo dedication

SItI h fine ng ,needl nd an
Rt 58 etpparenteyinisBistar Ghes & sl SpPBere o 3

a*aﬁﬁaﬁ@@es that can be manual or notori zed. Attached
to the positioners are sharp, probing needles. Using
a traditional optical mcroscope and the positioner, a
USSCKGROUND PIradi€ot thenvénifdgvi ce of interest with the
needl e. The small size of current WD 2004/ 006302
PCT/ USdirdnyentiamgenerally relatenia SNBINE Probe ABIORHPHAY Miad
| afab hﬁd]‘ﬁ/s&r@Aﬁ) AP IR s%cf&ll& %@5 st%ﬁl ﬁ‘cBﬁtk& léf huRipleSHrote
i mpossi because of [Tmts_of opt
rfcannirgcwisp SPEEisvsed1g lftﬂa@tf@“ﬁPFcfobEéopy (SPI\/D i s one
techni que that can be used to |ocate these features.
SPM can be used to create and i nage and | ocate

fBACKEROWND i-Reserivsipn of thp Belagd drfyuch snal | er t han
f e at u I[%§atfon ak fe%ﬁﬁ’ésqn pﬁ%?lk&lﬁ&%%‘lfdﬁ)lcﬁ]&n{s Ff@l'qi‘aﬁu ey Etgalrl?gls éﬂA)

m Cr oscopy. nce can probe on
f\wkdnaseomn beent adiffsultask. ¥Géhndvanging tashrologyi the sise@frfeqmres
'Tcltluﬁt&%%t%or%% J&'d@&e&%ﬁ. b?&gﬁ%faé H‘t%ﬁtggsdoftn(?a i 1&&§ca1 contact to
e féatures e e of usi ng al'so
chhthesl ofinerescin [Fay, also blled pebogy infdlidd ysiffganechimdgcad positomers

ovaﬂ:h fine probing needles and an optical microscope. The positioners are precision, 3-

axis stages that can be manual or motorized. Attached to the positioners are sharp,
probing needles. Using a traditional optical microscope and the positioner, a user

would probe the FA device of interest with the needle. The small size of current
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FA probing is called Atom c Force Probing (AFP). The
acronym AFP is used to 10 describe the field as well

W@300408d302ument s deS| gned for use in the field, P&X/UA1003/021223

Force ., Probe rt co a of
e Srgn sl fegiodoesa® oads okl @SS bPHEE bR e izt O
Svegin®oSSi babRGEHR Iinfitsflof aptivabaicrdseopgyver, only a
limted nurrber of FA ezgps\g) I ments can bhe E)erfor

wi th SCUHRGIPERSTRIEES0DY i§8Y5 teehniqye that a@r@sﬂsé% lgcate

Ftl?es& Elattirds® SEMVPE8 108 SiseditD cichi® aﬁ@ﬁ&g@ indloRAe fatufes RF RSt
the case of transistors, even nor egﬁr obes. The

|th%afeéau°brsmalleréhftn fedyrgs Ihﬁbcoexlsl bepcated uaing f H?Ir‘\‘éolﬁﬂcé]bes

frﬁi'i:roEc%tp§ h§1W§e ﬁ[‘lﬁ ca:Pﬁx%B@%l? SARIIPA ‘P&m?é‘@f iAlercst ﬂek EE%nﬂnﬁ probe
order to avoid [1Tsions. This nethod is effectlve at

doistogeang newstiplp gqaawgg prgbes wsaaeedethivicpntaoindido gturasy &he o
t t
1%?% &f ndé{ﬁ% REFA hE@ céqéa AR P%fce%@l m‘ﬁg E&F M), TOVRY gﬁrp ase.of of

onger to e scannin

314 prabing mm&ed Atomiq Bcrrc@PIIObmg (él?]li‘)h The aqroysmAFP dgysed to t o
%Séﬂf%e o R as AR a§mhggk e&té‘&és % PG&% the' TS E&?ﬁﬁﬂ‘é Bbree

I'S a serious ness of e prior art.
eﬂmbﬁdl ment of the prior art for 2 probes |s shown
pi cto [
cont a%ﬁgﬁ) Ihdr% dr étg{ngfn aﬁ%& mé)}etS%ﬂéngdﬁ%@gz% ea f}ﬂ%%m
Zﬁcludlngwse@ta shriigle W td»k)cate G Asfeatiles. tﬁommp polp@dingted inlipber

usi t radi |on

STkt R B pERIDO o Bisea s 0 MR I fed ORGP
orlF A egniré Dprobéss it the %;e of dibdds£3 probeslihZhe dasecdr tensistodsNg
probe tip.114 will scan and inage a scan area 116.
ﬁV@}mP{?PE 8% the first scanning probe tip 114

st ar t MA@ limitedpridr afttrelpitigd mhlithledahnirgpCiotivs gk FA shodk @

of interest 116. FI G ¢ sho e sa ro or,
th5ebes SqapRe a5 aéeélﬁﬁulﬁ@f t 9150 FB'ﬂili% n@fsp fﬁﬂ@"‘g‘ﬁ? gptive at
%@??Ing@blltllblﬁﬁb §C18430 i tﬁbel”tﬁ(t)&@ mxlz??rtﬁ&i ﬂe%ctlx?eqeét&ltres %ﬂ he

| er en scanni proobe I PS or na no e
tipgresty %@W&Yﬁre@tslﬂaf%hodﬁﬂl@s lqnger tg ﬁarfqrm}{e ?cen@% whhis allows

Ghdrb 68 Bdr dPigi2fich A9thEini QHRt QD SccudSAisS, tROSABR tht of RAger
prior art. FIG 1d shows the scanning probe tips 114

CRRSPYIPIBRIE HE s 3 SrEiopewealpess obtie PHOTAlest 112 and 2 WO
2004/ 06 3&&&&&4&%&&%&92&%@@ prdbeed thfv@f piéBgih @ucauy in

gerl ment . &rOCGSS took tw ce anoun time

wig Kt 1) coptetos fesines a1, Theve fegfuees of
BRES 1256 B ol bbroRRAL R chiighll enole! A6, 1a

sca es w t t he nunber rob process
ahews the spanping prebelfips | léLgrcnsslnyrppmmed gn d§§a1p919|1t10 @m negr the

%ﬁén&l@ t%ﬁ%sttﬂi% Eécé&‘éﬁl},?}}%%q bﬁ§ will Qc%n %ﬁc?mh @atnl a¥ea
placed, Cl en l'y far apart
videnFl§h éb smnhmtjrspscemmg Prpba tip ]sléastamnggat aptart @oms 1¥8cend

Cs%xlnin%qts \94‘65 Iaf Bib¥es?l {be "FIeC ?cnsr%{\]/g the same process for the second

scanning probe tip 114. At any given point during scanning the scan direction 120 for

the different scanning probe tips 114 may or may not be the same direction. FIG. 1b
and FIG. 1c show different scanning directions, as is common in the prior art. FIG.

1d shows the scanning probe tips 114 positioned on the features of interest 112 and
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nakes pl aci ng the scanni ng praobe ti s suff ciently
lyefor angfet ederiments dRis Porass thrlgaviee (o a5 s
%ﬁlfeﬁ Yorlone Q&ml Sm’uﬁn‘ly, 11F RlofS ;5}51%3 aftaRbdealh ﬁlefefépd?ﬁ{eﬁ%mune
using nultiple probes and provide scanning of
ndfilayi setles Wiftotbe Bumber phprobessedinpunt of tine as woul d be
taken (;f p‘? eg §5‘re ire§ Qalfﬁ{ulﬁnﬁh@&@ %)9&9(9@11'\% s-EﬂipS When the

prOVI Van age o ess tine
eﬁcamgprolzeg txmrb intdallyipdacsd. sty enustibesuticiantly farlaé@t“s so that

TR b€ Q&Hﬁxp%bx%e néréfsém lin%( it BB&‘Ho{jfbﬁlde%ﬁl g‘éﬁﬁ} lfnifd
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over | 55 BT SN L BRSBTS BLSCEBh s,
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notion in a second axis. The 25 second axis is

substantially perpendicular to the first axis. The

n@@pﬁlAQQQﬂrgkﬁgmvpﬁgnnqcalculates a first offset

notion control signal responsive to the first nDtlon
cont r ok devigegpdmethed tosigukasershhwanmuliple spanpinermspbes over
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ofhe ATFMyh edifirs ndxisaind talsecond effesn inokiow eomtrobsignat msponswe to the

T e

relation to the first one of the AFMs in the second axis.
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interest; 10 FIGs. 3a to 3c depict an enbodi nent of
the present invention for 3 probes; FIG 4 shows

fromthe FIG ba is._a block diagramof the

frpé{ﬁ)gt BAYMINGSnbodi ment of  the

I nvemrhé%e andlérhEﬂ fgatux%baﬁ@ad@arﬂ@gteﬁbmgp@béﬂxem%&m@hu Bébetter
enbodi nent of th DStgr obe tip and _cantilever FIG 6a is

andergopdchyaeferqnge tosige fallarang mlm@réntaoa ihen considered ip
Q:Qfﬁ{ef:ﬁ’(;n WRPRE héconlpRhyiRd ey A&B; of the invention;

is a conti nuation the flow chart of FI G
6a 2EI(iisr Gto Idglepist morartéecbelnmmﬁsp@mrr@pméa@ﬁﬁmlaa grobes

3)91@‘3&& c}ﬁ@r&f %giﬁtagﬂ ﬁl%t)e g\ﬁﬁﬁ’ fo@fn’[@es't n the enbodi ment

escri ¢ show enpl oyrrent of an

enbod Fm fa wrZOtdqmcpm;sleyment plaaremibofimentefrihe prgsentinvéntipe
A OB SRR e B e o
Zﬁ:teﬂéhtﬁ 9 is a flow chart for the softvvare

i npl e t C .
avoi dbRge s b pictdentooltih SR onl B BB T 3 probes
repr e@lmtcmmwe thade scimimpordtiectips andjthakangleras vieeved fromttho|
routine defined in FIG 9 30 DETAI LED DESCRI PTI ON OF
| NVENTI ON As shown in FIG 2a, an enbodi nent of
t he pFEG.atis 4 blsendingameif HedpRinavecoafigurationef an ambodigent of
pr obe t| s 114a and 114b that are |ocated near a
GEVRU9R0. The sanple 110 contains the features of
| nt er e8¢, shli2adanitbdkididbievwofan edibodifeusSoftiReprdbeMp and
2004/ 006302 PCT/ US2003/ 021223 scanning probe tips in
r@MieYesn to desired scan areas 11 6a and 116b
r espetic \6aliya 10WGRart fo adfivide infpfen@iiib@ich GBS tafvottio] abpeets
scan areas l1l16a and 116b are overl appi hg. Each scan
dpean gnbedimest efrthe ¥pHion 11 8a and ' 118b where the

I espegid Ve i$ § atinhstioR R BR fdwhwitbf FIR@ei N i ts scan.
Each scanning probe tip also has a scan direction 120a

and 1P06s- Ba peKmeactcheraatip represeptaigons b spmaefithe dediigl t he
%?@@fo%%ﬁ%é f]f)@od},[ggﬁld@g&gbe’ldmb are al ways parallel and
se or

scanni ng probe tips. This provides for
si nul FiGe8utp $rrhpwemplsiymeniofisn ebodimgaf of thegyesertdnvention

 Rhide W liNE SsERYing pRIbEE Sufifleblst) BReanfhPprobe Wt he

interest while avoiding a certain area;

FIG. 9 is a flow chart for the software implementation of the Z axis control for
area avoidance; and,
FIGs. 10a to 10c show waveforms representative of the control signals for the

control routine defined in FIG. 9

DETAILED DESCRIPTION OF THE INVENTION
As shown in FIG. 2a, an embodiment of the present invention employs two or
more scanning probe tips 114a and 114b that are located near a sample 110. The

sample 110 contains the features of interest 112a and 112b. Fig. 2b shows the

as ROCBUST03/021223
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scanni ng probe tips positioned on the features of
interest and ready for an electrical neasurenent or

enbodi ment of the jnvention addi ng]&a thjrd probe 114
f IANRERIPREARS d Kalarion oy ssireryscan ks, d ogad Yk respegivaly o Note

146G tt ehibblifhchEdoWh Sth®§can bith€1188 bnd 1d® akSov@HgDing. Eac}fl

depicted. FIG 4 shows the geonetrical relationshi p o
t FRBac has ATt 8 %nddsl 8h Where thergsppctiyis geannipg grobe tip will

PR #sQB&M E&‘,ﬁ Ecahfﬁﬁg SRBRLE altd Has 2 K0 &FREM D2 BROPRL

tips are at ferent angles fromone another. The
prespegtivelin g}néhemmdmlezm ghogimdheipacdirgetiensdans angl 120b atgalways

t 4
D P o G5Ol ol S e
r @fstb@mbaﬁmsyn spesedusktion thareby avniding edllisiem EEG.2xisBovisbe

% oE’i’El R e @ﬁﬁm@?ﬁﬂi&ﬁf ntﬁlr@atdg %x%%%#e%mcal
ent | on e a ngle tor

tmeaspnembm:drlfqnsemeasugpamt at| on of cont roI signal s as

wi | | tail .sub

S at er
Mo 2ToERRH 30 show AP HAGE oFFS Bivpnd 3R F Bgrobe
ahl 48w sﬁmﬂtaeenuslgrmbamimgraghﬂm&spwdesmmarea hiGentAl third fehtuee of

user esse e?loftware via a conputer 130. The
clgfﬂﬁﬁ ﬂsa 681°§ andard configuration, such that it

i s cormecs gbwis Qhe’ﬂge&ﬁiéﬁﬁﬁll rél3tonship ofheScdndihg pRobd tips 114a,

k 136. sca 37,15S d|s | ayed on the
EVBGRLF 14 posiionid ovee ST Do by SgmBhBRbs te Se i
\A@iﬂelfemraﬂgleslﬁ&@ ond 38théN Ghd piden arfle TRALTRb iad® 022GaF Scahsihg
ree prllciges i S represent edeg%lpwave orm

Teigbe uwﬁya,gmm fr TEPCAEY 18 21 ahglg of G REobe gentetline

desa) 1208 en S 138 SE4RBiVeYy, W AbBashiRg R8Mla fefordnbéaxi®126. HagK €
is one conplete, independent set of scan waveforns to

C¥ARRS Pfﬁ‘%ﬁ tiRofips gfunigue pla@eénglp plhe Bresed Eyeption sapdoys the

' ﬁlﬁt‘éﬁ fiille bl the pldIR DS &7 g@@e‘{ﬁfoﬁ b Bon@6Lsigalsld bwill Be Qésgﬂlﬁeﬁl
0 anal og converters (DACs) 140a, 140b and 140c

r§§‘ﬁ@é’ﬂa0éll§ﬁeqmﬁﬂ}‘e is one DAC 140 for each probe tip
cont r ghg, %o%%dﬁﬂaﬁ@dl dorih O the Sl gfﬁﬁis of 42 ARP Q) ggé;&?d by

clock generator 143 ha1 ensures the scan waveforns
r @pedping theamesent; m@@tlomh&emﬁ@@cw% thespfivare yia a computer 130.

)

ROTbiss 280 3hd 2 kevigard 136. %afqlan imgpgs 137 isslisplayedhen ﬂ\tanugputer
' 4

it ol 50 UefRRSER welp B B Coed AR 1agt 200

V\glnbralmd wasetfor more thoi thiee pirobes it tepresantdd, bymeﬁ)rmsm&n@he
EIEI' c%no tfle gzﬁﬁj A nt s3 e&esFré grslﬂ)ﬁe%uent? W1 regﬁecg & Fflar 6.

con re ea
c’ﬂmreals bmjcdmplem Mclé}ibmieaﬂseﬂdt&aan viASformantd chriBel notion of a

"SRR kel R AR 595 MR S bmS HRhH
analog converters (DACs) 140a, 140b and 140c respectively. There is one DAC 140
for each probe tip control. The DACs share a clock signal 142 provided by clock

generator 143 that ensures the scan waveforms remain synchronized. The DACs also

share a synchronization pulse 144 provided by sync generator 145 that ensures that



sensor 152 and a deflection sensor 154. The 3-axis
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the caontrol el ectronics,_prqvide .calibrated scanpi ng.
HhEscaB G o e mes Ahy BACE GHT S sroth CHISHPRRS Hoaapish
Qind16c. LanxoBelasitodRt r SPMOPefAEdn bi@fwellARSWA RS ore@kitled A
10 scanni ng. This system may al so be operated w t hout

I
fa5t cldherede alRRaRPlsip didependent s of pomtiol elRctEonies Hir epch Riabey The

t QnESINELAbRicS A6 eAhRBnlIRBYR an AV DeddS148R,1480 BRI RASE
i ndependent AFM head for each feature of interest for

vissnestivelsimach AEYead cofaipgp 3-axis auatordd0, afeedhaskeppsitign

tRfof\ Y hRadRrRERnsBRCAA ITheY.8kis AabatdiHoNEaTHE Rehning
4. | e e t he AFM

i
probe tips 11 nth nbodi mnent shown,

Hdengghesamplb] 9. (The frsdback pesitian sensor &% zaripwagion Hiththsbe

t(ioﬂt?oli e‘i’e&rhﬁéﬁp&&iﬁé EdTio}: edtsganﬂﬂlg. Efg@ Hélfé'ctiQ/nTJ%%& 954 ;0!
el ectronics generate the mage data 157. e | mage
cenpmétioneigs bdxis of thed-agin adteajortppoddegifordongtant verce AFN

el TRy AT AN UL vl (IBORMBLE it e
odpfifpetioersensanis ubelto gerepitathc sdag imageg d haztigoresompltaser
P SGBEBI e R EhR e O Pl BEpBIR Tren Bl bofile s

Vi ew
vdesibed. Fetaphegiste tite AFM @pdds are tiad daatileedt 1660 amd swamiing @otertips

In,thi enbodi nent th fleciion,sensor..uses. .the .
) B SR o b dre ARneal s i 2P Rt Scanning
debbeaipsiimloseqirotimbty tc@sreiah@li@l Thd bentl elact@aivs géneddic thbe

pr obe “8573 canti| ever s

0 al l.ows t.he r eat est
Cmass da st s psedy D 2eGi o dighfah pPhiveries GCS)
Pr58X THE ADCs Eoaveritid ithge BatatoldgitiBithatfasd the infee Bethé | p
to the cantil ever, otﬁgifgﬁp?lternative eoCn;ﬁodi ments, the
£OGPPRE Bie SoRPuteE Y axthefaige fdta foghe st aERje corgputer
pRfeks.i on the extrene end of the probe tip as far as
possihle fromthe AFMis enpl oyed tg achieve this

f eat udG- ¥h sowg a defatledrsids yicgtrfiap embodimsntpfithedale toa|
QRGIRel Wi B prbhat BeddivR%RCchelng a caltBGEA r]ﬂ_ﬂﬁEéﬁllg%ﬁH?t the

parameters input 159 consists of X scan size , )
leflpretion sensongpes o reflectivedagl afithrcangleveryo deteraing thodetlpeion
%rd aRfile &8 TROSrahe&hir 6F thd FOLY4) Gy éﬁﬁleve?%ﬂo\?r%/eglrowts the

subsequent routi nes tp creale a San mavefqrm
AFvasheleaancatbenvgen mabtiplopradiseopdrgingdn vigpexaodmiip 6 Bopangled

%%él}rl%@g%g ?é)éégip to-rl]-tﬁg %@Hev& 48y Ghhdive %ﬁﬁ&ﬁfn%r?tg, the x

routlne 1 . t he scan paraqeters |nput an
cugling of the ehntilegenattochinsnity iz AFMdemosifipretie exgrewye enthaf the

SHA S A A g b B e,
FI G FiIGahis adleswoohiati ofiths ulathempatieal bperationgoftthé sedtvwaeey dfher m
| s?angarﬁ rng\lP &Iaﬁ pmr\ﬁgteygi iﬁprﬂlt tl?& consists of X scan size 160, Y scan size
162, X resolution 164, Y resolution 166, X offset 168 and Y offset 170 which are
used by subsequent routines to create a scan waveform for the AFM manipulating

each probe tip.



10

15

20

25

30

waewmahpisizhed in the foll ow ng sequence.

5 peaks and val |l eys rounded off, at the last 5 points.
For this embodinent, the waveformgeneration is

of th r|ve veform are cent t he value "X
of f set'€ AW ergffonropding 1, %@ﬂ %g?/g’% Mgt pameters

ahRA hﬁd&ﬂﬁp&§ a dﬂ%esﬁzaz@fo‘ﬁrh 294, 1&En’biﬁ&§£§ WYthdt cohfafs Bothah xes
of the drive waveform have the number of poi nts _per

plup Suipy o ang Yovais quingt | 8q Ihgne syebagdimené shown iy FIG. 7 ¢ and

8607 dH4rdMRsoribed ﬁlb%‘eqﬁ@l{tlietﬁe Qﬁvé Wavelirini€a WRYEk sta% (AN thed
nunber of cycles et} times the val ue

eaks|and W@ih‘:ys roprdedyor; a1 tb%@stérpwrnse Far ﬂ»sseenwb@d@?eaﬁ Fﬁear e
(Wa%ﬁﬁﬁ %ene?‘?&ﬂtls ﬁclagmfﬂﬁhé{ﬁn tﬁé fgfkgv?‘ﬁé sequ&tb% TheRVHES oPthe

drive wavef orm have an'p scan si ze'

diﬂ\YfJ @/@uefww are cmﬁ@red(ahpat e galpg X h@‘seﬁr |T11éXvWU@$ of the frixee

it W, I I
e BETe BhntgRRIGTR <A P flo AN THe Galflo Rl
“wavefoso have tam numban of I:OIMapQrewclg Equahty Lmikiplisdehycthoyake ‘X

?gséﬁ‘tl%n’c yl“ﬂe%{ %I'De[% o%(th%fdfﬁee&rav %}%%vé’ L B%ﬁﬁe&%?l??ﬁ% eglﬁfl ¥

ocati o he 'scan area
h’mles ithe \tahlea&’hemhmonh €l'he &svalwed oAfakidoeavaiformase (ratered

BRI Y 5 0508 SURRITSIN S RLR B R v

Goansinea tiivited by 2508e W viviupaaf thexdirivie, wakafimh havelide number of

PR Rects e ROLO oDl oD e Vanis K TelofRgh iRk b the

%Rlét‘Yrﬂﬁioﬁitlonﬂ Pithe Ylvhlues of tht é8vd Wavekorindlawe s cyafle. TheX offset

[ or t |l ues of the drive waveform
S50 ¥R G0 o 0Gaidn ol e ¥Ry it 164 ar e Lhe

first TRO cededebdiibbdRer¥in WichiciSthe Tbdied AdM tdnivol 8 bdnaces

the probe tips at start points 118a, 118b or
&é%%%%@mﬁ%%%wmwwwm TEY ceppyler %ﬂ%ﬁcﬁ%

Niohdl SnstRnleRS WotpdiodNa 560 NMEorak BRESy, Mustin, 18078759-3504.

scanning. In the start p0| nt routine, rotation is

def i néfae PtATt PRt EAtionEquEDng | @galsﬁ%ﬁherﬂgwe Fiaveiorm, Waapd hased on

Heslidamnsd Pt |1np%€ { Vrofdfes tHRUOPAS of RN wavetSiat dndPheOf
the nunbers fromthe rear to the front, and pl aci n%m

tvales o fhpdiive wavgformse theek gart peint ¥$2 apd Yrart mmttl%arp
ﬁ Sgﬁr@sr ih tl?é)dvéuefcfrﬁg atf ca&%u‘fﬁ’loggla@é‘sttﬂéj robél-tzlﬁ at ?tgx‘f’g&ﬂﬁ Y

out put 17 of the new wavefor

rlé 841t 81ngr B8c.x tdwrlb@lfpntWSb/tmth refnsEYip Fl(&ﬁ ab pishBb, are the
d&’ééhbﬁhewheT ﬁle S\R'ﬁltb%%hg&nﬁ{ﬂ#t ;n{‘ }Qﬁ Bﬁﬂbﬁfﬂé PRattoRSs

rive wave to the spa ence frame o
tdqﬁnerdnd ithej S@tﬁtarhreﬂmgrmm coutBxt; thkiog aﬂphmerpmmhmtag pf

SR, Ay oyl B8 AL
m@ﬂb@ﬂ%&% 15057) btUBéZﬁ&ﬁl @ At2es. Thehstarppodiieothteg X value output
i 124 d
AP E 5Bk Qb B e TR B i PERS
saimot ef the st peint doetioproatimedus! y with respect to
The scan rotation routine 186 transforms the drive waveform W’ to the spatial

reference frame of the individual AFM heads 148. The input parameter platen angle
R 187 for each AFM head and associated probe tip, is the angle 122a, 122b or 122¢ of

The Xp@HRDUSZ093/021223
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FIG 4. The output result of this routine is a rotated
drive waveform W 174" having an X val ue output 176"

war@4moe80ral ue out put 178". For the enbodi nent PCT/US2003/021223

SCr bed5h ei.n, nmuj.tiplication by a raotatio
AL RN RGN WL IR W
\aalbxuaye@w@h?et &xigt 1tze off k.mts@mpam H?cit%equ{re\&@{m/ witMegeodis

erfo scan rotation routjne, rotatiaqn
8,14t Toef ek “ESH%O’T t}]ﬁé%qimsﬁsgaef@?aéed&sw By 0%%&?@ %an
b Sevali@dutput 106> hdiier ¥ Q410 Sitp@N 787, FHEHS SabbdiRé UbseAbed
routine to rotate the input array about the orlg%n by

theetny ey tinlication by pootationiransfosmaticngmerix Mol iaframed based/pn
as af8k A1k Qfﬂl R)hd SIEK S0k WreadORFMIRYER tipPR %@rformed In

gener at ed. some AFM control el ectroni cs have not
[SearolEa® FaufiBe rotatipars defimed prthe linear plgphsa pantaxt; de multiphy by a
[RGriR 6 the %?M it i@ Goap rBt,latl&hl%uﬂ@thS QLD IRERG SHrh zﬂ;out the
routine Because the I nvention assunes nor
MQHMGEWEHQMWe routines will execute at Ieast

twce E%ﬁﬂro{a?eﬁgggg{wv?ﬂeg&ﬁlst\»o af ﬁet%{ﬁed’%g/l\@relaé %to?{// |190AEM%

have gener I r respectlve ro
ieregemeratedWIT some @ Miaandfobelpsiranics hegarot beeh generated, theh ithree

:p%O‘ICGLS rﬂ? %’FSI l{S%Ig ?({I‘ Eﬂé%g%{] ?Pﬁf_ﬁ&}dr@n o\ts’l'[ e‘élg Pv]vaﬁgfwlln?% er)lflt(‘)a?i(r)ﬁl }'Oéltine
tlﬁén Blemskelﬁe inveion lassuﬁEMnomrthamdneeﬂLPé\d,tthmhoasmunnes will

(B L R FREbonte KRB o bty SFVRT BN, o !

\gehdratad ﬁﬁh‘ﬁmpecsiym ﬁitlaftémdrts&twa?afoﬂul We’ théd waesforals| a begl n

BraepeSson e LG Rotiop by oo el hEGT i ropies et

Jloiri.Ehe pasiBoning waveldp@ris thea Iﬂadétgmtohﬁe AFRI don@éliefictonit &
rotatgg}drlv veformW is Ioadle)d in .routine %&%FAIE
R |‘@8‘f¢§6“ﬁ|’“’r§§e°112i%ﬁr° q Yo § starkpnt. M

rRARE Glecteliys statWeith a SHBAGH Hactiroribation phiRd 196 Nbbe ﬁd at the
AFM cont :A‘glaﬁfl ect r(i)nl cs 146 _start with a conmmon

SOWE HMGn Msoin! slectgomies alsg share a grgmen glpck signal 54%%80

tthéeull phbdecd\ithe Qe ratb. €l ectronics al so share a common
clock _signal 142, so they all proceed at the sane

r at e. UPRB regshing the étmﬁpﬁ@tSAﬂlw@@tﬁ@ Aye wavetorp N dssloaded in s
38t 195 td e AFRPcohBS e@é@gomgé Y 20 of P4RNesh RSBy O Fhdde

conputer screen 132 to the user. During operation of
tSH@ngxgaﬂWMg}% beginisn édl I&F»ﬁmmr@reﬂqq@omemldé istert withga qosimon
o G M S o SR 0, A ALl C s
lolpotshare h gemmon cloglesignat #4280 tdy athprogesdrahihe gammtq ne

conti
fﬁi ﬁetlté ﬁto Q{@% Mq:ﬁhﬁol%gbgg&ﬁgsa{df% %%h‘ﬁ] aﬁR sfa?! I%Se and
bhﬁu)?a(wd assangdmegrf anvtbe eoniputer sereemB2 tol hesiseroDutiny epqation of
Lol e el ect t he.-pr
B Rt o » B e it S B33 R BKT b Gs s 35
has selected the probe button on the computer screen 132. If the probe button has not
been selected the scanning routine continues to gather data and update the display

image. Note that in the embodiment shown the probe button is a software button and

does not have a physical location. If the user has selected the probe button, reflected
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by operation 197, then the probe point routine takes
the user's probing locations input, calculates a

woeeNei3n 198 to nove fromthe current | ocati oPCDUS2008021223

canni n robe tips to the user's probing |ocatiogns,
}Ws'ml%hf%l g TRbe GPH ToREnG tak Sk AT '] ProbIge fqcHeens input,
2R ulated atwaQeHmM B0 iRt fIBhehé ERINERcatibR 8f e 3¥RhAE probe

robe tips are nmoved by the AFM 5 control el ectronics

P! . | .roni.
tiips iibe pereaPrdinedprations asd oplpuis e wavefors, gsrefiscied in routine
Izg@,% AR cBRRMRebtborisOTKe z&gming BioBe figi4d RAGvddby the AFM

identical in function, but different in input to the
soaiel efpsirenics tp wiledation sngcifled by theiuser’ seabingrecativh as shapnin
t i NCt§:00: i S t:he - i i .
ok 208, THEENRO s ifeal OR SPRAI AR Rhey LG w388 ppine
ositowifig génsrasiprerouting alhedin td thisdunctio istileeproliig point, rather

' the scanning operation. FIG 7a is the
gﬁ%ﬁg%ét%fﬁgé’l&t 142 that is used to nmmke sure all AFMs
r emai K1@y e Hrangh 7€ showRdx@npleh oSdoowef theelesiricelsignals Ziatingthe
D . sj .| AENE ¢ ip at t
Bhon e olingLRBoR PR R 0l gk T afip bl
wBake fsore 1 AFD/Igremein ay etirdnyzet. h EIGWEY showsthgemetranizasion pulse

' 172. FE d, sh he Y. val h [
8 el B Svis S ns S PR i S s i X Valis
g itter daive oavefont 176eettatdied by the wawefohn ‘gﬁleﬂ?ﬁoﬁ )Qﬁﬂ\(;ﬁvpé 1137833 fFIG.

at wavef orm W

the, X val ues. of e.rotate LLV ,
3ndi e VibRhot Reer v g loamd s 1B BTe el yovetom
?egéra%c?;rry%tml 132.EFIGAM¢ b}ﬁw«salfn akz'ihn\i;ﬂ% bpth'é Nezamaimﬂ tﬁeh foldded
| SO, xXa e of the. val ues o te,
f%&vsfvé&efaﬁm 33"2 @gv at?%wh% fhaf j§&otated fo0sempigrygbitrary
\}ﬂét&f ApreRfiv 16 Gehapred 10.V1d. NEsHGa an blld SMhd P WhiuBEof
86. Note that after the scan rotation routine 186 the

f h
e sofpteskdatye darsferny My efon s A heady Thess veavefognseate psnessied

tHyqhdXcah RilatRA Shuind 286, NG RlaPdfteP theQan'bRtiGTHRQGTHIB MO
the invention disclosed herein is acconplished as

frericddsve wawlapsi8nerspenderently on fieplaieanaledd2pr obe
M Cr 0$4,0RASN of tH\EnSIRAH: BEHP Eﬁ@ﬁi&gﬁ’sfélo%e% jsn close

proximty to one another, such as ew mcrons to
aersrplishedi as fellows Adler Distmatninjoystnratipie soanningprobomécTasconss.
o s&%ﬁﬁag%ﬁ%e 'tigs hBPhd incRost bR Fhiry 80HELRhL Judh RATH
and nmay abl'e to scan an overl appi ng scdn ar ea.
prigtehsteginderdenicronb ddditiontllys the seanning grabe dps @a cerdyed Rdheir

e Peafm bR Bp P RTLEUTE L o B D TP 6

psenouslytdescsibedawitlorespestiarilGnp, ParZanis 8h, snd3i; theassaarea 116

- PG Rk SERRRRL G 102, X 01T Se] 208 Lo

poi nt UkBg theXosipatet 130cthetisel 8itera natiqok adagming parhastefsgucht d &X

SRSk et Ko deame g Rprosizo i bvlion B4R
cesshutive 166, X Sxagpdint 82 stag paintll 84ed patdnwagles fop thel ARM
ORGSR S RIS R e o RASEE RS,

The user tells the computer to begin scanning and the software routine running

on the computer 130 starts the procedure illustrated in FIG. 6. The waveform
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9 WD 2004/ 006302 PCT/ US2003/ 021223 generation routine
172 generates a drive waveform W so that each

t he scanni n raneters The

SRR gH Ty A2 SRR s ottty S S5 SHE e frobe to
tdvaltras’iérlan sfa deicribedbyabesdahififg pdrdhetgb.art at the same

poi nt t.heir respective dr] 5 waveforng. Thjs

ensur & e AEYe Wﬁvgf%ag’?ﬁrg roated s et PRPM%?QS’Bé"‘N“ﬁég%%

Vihht! alll%@annfﬁ? pEdba fibs Wil stirb& tid sAbde pOfnt MERAFYetbctiNiedive t he
drive waveforns are rotated by the scan rotation

ravefosms.  Bus vl enswg that theﬁpztcw@ bepyesh the AL peobGipet [drwill be

V(\[onstaﬁilf&tﬁ@gtﬁ“,ﬁeatﬁg%ur es that even though all AFM
heads and their associated scanni ng probe tips have a

di f f eNsib thmdalmwamf@m@ apiiatag by theigamfotation sevtige 18Ge result
SR rgﬁfe@ qm@wa@%oﬁnla V'S QiR &dtﬁ%n%ﬁgnés %a{t Ia%n tﬁ&%ﬂr AAFM

€ Spacl ng bet ween scanni ng
rleendﬁ amdﬁlmr@smlateélscgmmamsqba itips haye atd Tl phtenn@ngleﬁhey will

SR s S bRy Sl WA SRS g
Wwﬁ Manaing probds tips Wﬂlerdmpmaubstegtmllyempm dortthgdurationtofie
ST oints. 15 Once the rotated drive waveforns
have béen | oaded, all AFM control electronics share a

conmomNest, thelkotaw driwavetorss WS atelietied toshsDAGK14Qp, p40blad

t chr ed,, Then the.s nch ni.zati.o
1B byl e RUAVE R DAGT pRAER edFotp S W GRIEEbORE.
sﬁ)lg:ealh@roateﬂ daFdvaefibrns haed eeh foadddc 811 ARSI dontrbledécironics

t hat f .th
SRR el R L Bl bbb nO SR a0 S
Z@ncﬂﬁ@mai Then thembladnﬂatidnemvsmf #vynchrohRatfon/Vuldb 144,

cont.r al ctraonics. Durin t he anni n
DL S ATN S AL et ens el 416 P P a1 8 PR that
CONSFHRUFMPagt S@nhifg u&imwsantehme fTihe BIA Gxttidnt REpus GRRANI NQ.
Each set of AFM control electronics controls the

frepapekotatsd ditys wayetonmde fheir AEM gonfrol ¢lectronics, During seanning
1thOsdamihd WoRSHRGANVe §lspAEI rBRAch th4shidtAn oS8Rt ipacifg to when

cal i brated manner._ Each defl ecti on sensor 154 nonitors

tthey fyetstasied pgpning. Eacd sotpf ATM ponirpbelectngpics gonfimlsche fepdback
S;saalﬁaﬁ Blsd?§ PPt s ac%ua@&rtzae e asléulaedigfmfeaa 43 1o

signal is returned to the SPM control electronics 146

aeen iniasplitigiedimerner.nBach sleflecian saneor 166 meniters theleBeqtion ghthe
DQuihi1Dgkr ?5@1’6%{1&1 thé &a JY%?L:' g&gﬁp § 108 iR 'ﬁlsa&ﬂectlon signal

i dentical scanni ng 120 at a
s‘ﬁtﬁﬂﬁm?dﬁo Fhle@s_PM @@obelmn@alé& angidsplagied ty» thet u$er @tﬂw ting
;ﬁ 30 11 8b and 11 8c are in the sane
|ve ocatlon for the scan areas 116a, 11 6b and
1 1 6 ¢ DwringdanningithniAddV probbtips pe. in Aal dienmqahwlamyng ditestion

SI&@%{ ﬁptuge%f zygesﬁgwﬁ HleFI(g}%ame 0% 3a-c. Similarly, the starting points 118a,

118b and 118c¢ are in the same relative location for the scan areas 116a, 116b and

116c for all scanning probe tips. Additionally, the spacing between the scanning

probe tips is constant at all times.
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di splays.it on,t ut scre Wh ser
| oot ddiring seanping + P et e e M SRS o
Seled@hics Mb d d$dibﬁ1y§ ﬁl’dm CRaRulOschied N 82.t WhsRthe G lstaRS the
The user. then sel ects the Iocatbon of the features of

i Fopiaes of infegesh bl 2fmoBe gomptas seren, Bs ofisha gan heaseite arope ghose

afédtuﬁ:@' Bhd et 6 RIQRRAhOISEARA o B feaﬁns‘srbftlﬁterem@@y{a@ﬁed as
30 wll calculate and output a waveformto the

1ﬂpe piahing iocaiien 194 ang scleriethapivbe b 8f. dherhe ecmlmgerﬂ%
Wi 1cWatel and blrpt QQQVB?&&WG kﬂ%%&é@ﬁm \*Iﬁl&?‘wﬁpdrﬁ/e the AF M

respective point on the sanple 110 corresponding t
t opatrplredsirarics bawhish Wil driveTthe:scamdag nube tipd b a respedtive pomt

P B AR ChRERaRE o AEROBYRRRRAN £ VRe PR it

cehatertiir @Inmm dorks 342 argl syiidhironizatipn pldmﬂséé as heforc diha DAYs
I | |
pL@%ﬂ?ﬂeﬂ%{l{g‘@ tl-{é%% tc{? nthol §1e9cfo‘ﬁR 1960. aﬁﬁ?%l?%@?fﬁ? s%a.glgl}lg

I'nce
sprab.ﬂ tipy thmbvweerthspabing &cg;atmm 6. t Nqte thid, 4ori the fist line gme

C&: 1q gg; ﬂfeﬁsga m%lge:’t‘\ﬁgegl g ?1 poeoe E?l i Ino zcﬂ'l%er cons
abnceﬂnatanumg@mdlpmm begin thh@ve mmd ibe proMrtghombm@e

ot ur Sb ALY koo oL Yo e Sl

ablg. BeshowS the saimplel 1E0, Batudehef is@fsi 12g afid DI2® ahd psardd thebe

d.114 d h I 0. Fig. 8b
SHoied 1k A8, Buhe amnrobe Gisd T8 B AR Siewe’ Himrada e
as”aﬁ@lelllﬁ AFigaislshbhB Rachr FstiRAGAINUR mobetdp@haﬁmvﬁﬁs%&n zirbef—‘l 16a

o0 be avojded 198. In the ment _shown

A1y e et rits B tido BF B et Bata e ibadifiey
nﬂxbwﬁ' tHe¥paciag b&@e@rpﬁﬁlﬁﬁg probtigshil $a £1IDQLH HR ?hotté'l‘\ﬁays be

robes retract in Z the out of the plane o

s%ﬂ‘%ﬁi“lé In th@mbsﬁlm%thsv@beﬁ iefirst iy % dhe @t pEthg plsneleffhe

EaflesiRitich! RvilGhd1a8a B b%taﬂﬁ&edp ‘Ea@ﬁ scart 482 | (@has! a%tart point
wher e the scanni ng probe t Il begin. Each

sHArhat isgvisrothe seanping probe ap§g4 wdkbeams deeath pasgniag piobe Hip hl4
1&1& hab B sdalifin ? HH%‘OH@@G Iﬁle A Rntdolfacif WnQﬂe hﬁljﬁ?% ﬁo s

are substanti al nme for a pr obe s 11
QOWreGubsa@ﬁBm@euswnﬁ f%\ﬂll@?@ﬁﬁpﬁﬂﬂm t he generation of

the Z gy § spcgv%biﬁ ﬂro%tcﬁhgl@ qurfﬁ'lh %’}ﬁgﬁfl&{ ﬁatﬁgﬁ %Jr(]& %)ﬁ)gg reffabikbn

the area to e avol over
visiavefoom gpnsissens withtleraréagp be hwidédavhichvis overjashaerthe wateforive

Faebe b O . s e SR Al RS T, [, o

Ftheva\mforms of EKdsn7¢ dm@i Tdaxpasipbamdi tngededifor slariyt Fa6. 1dAc
t.ed wi. X3 Y
iy S coRiPaffiie 768 RRRRG B G tided lrdGe e POA g x

t dnd Yanamrm Referiay o K1€d9,aliecX and Y extents of the area to be avoided are

provided as parameter input 202 to generation routine 204 for a control matrix 206 for

the excluded area. A simple rectangular area is shown for the embodiment in the

drawings, but is not a limitation on the invention. For purposes of explanation the

11
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provi ded as paraneter input 202 to generation routine
204 for a control matrix 206 for the excluded area. A

th i t th )
GO oo mthe et RsMis dettihl o Che orqpgjectronics
S PHe 30¢ pgﬁi?:mm&f” é}:&d&g@das ﬁlﬁ%naﬁy e aproppiateywayeform
etl n 1.S es | De ereln e (0] (0]
D885 ROEn trh] 6 S Y, et ShesLR R dobaB h Fis. 19b ARt
t1ioR r@ﬁeo@%lyeﬂﬁﬂ{é%bréﬂwlp%ﬁlﬁ&pﬁds %ht%rédﬁ%%‘x@tuﬁibﬂ- fRtrfxonalus 210,

posit]on_an or Y, position shown in expanded form

ithe prpbsis lifted 2 khby the gaxjscemenl i1 the AFM.| The X(& nositige isthen
Rﬁ’&htbfe@"!o B@eémﬁﬁ‘é ®h&dné gx‘%b&ﬁﬁ?is W RhOSY thBdxciusiod ﬂia%@vaﬁégzm

he probe is lifted the Z axis control in the
Athldrﬁlélwefprsb%wtl?wed %Mmmmﬁ% genersitiay of iageddt-ni ne

when tig eﬁl&% mﬁ gfapﬁlkaﬁ@rdeﬁaangﬁﬁed%ﬁi@%@& %&Jmsasn

val ues 214 at is | owered

rzeBe 28 apd e atlbmy 7%¢x01uﬁlarg éonsra?tzﬁ Tirpweswlieg Zagmwamf@ral 22@
S0l E, Y0P ERASIA S Eelifls ST prbRBu Sinch SHS Sl
reessuFIG. 8¢ siovesthe soaaning proba t122 14 positidnedon the featges of igorest
of the probe tip when in the
gljggﬂ(ﬁegg}; fr alt‘ Pgl‘—e%‘@ r%gﬁg hows the scanni ng probe tips
1 14 p wswdmmﬂerdlly)mvaﬁlhiﬂe yesionofem ernfbodmea‘r @“She ingdionisdhe

P@ c %or%eflargbe @,Fg’gg){e n%svlgt '?xbleEAﬁ nrtoI % II¥C, @?‘h sﬁab gtereet
/QaﬂmBarH%m, €A $310hathé Adsigheesyf ﬂilieqm:samaapbmtlm f Thissystem is

\i t,. .15 Sant
Sl of PiitinedS spanparoh i S5Oy imis el Ble than a few
apipfons, ak iwn in FIG S2c3y St.€This Systapiad fedbick rpbﬁmm@niohmsz

FRERE & s e | fRd sSapoufie SRY FpripLedesoni s S

BI6t £nTHiaSystdeslbastccesthé MﬁWaﬁﬁﬁﬁﬁ{eSsh&V'ﬁﬂ in Bleuk diddgam form
ator_ 150 and supﬁort i ng SPM ¢ontrol

3- s act

éPEE‘If‘ S0 o8 § sqanging ProbR b f4his ﬁ}‘ﬁog@lf’el?‘ﬁ ogm; the ORFFRLANS
gﬁﬁ)g{@ﬁwg@fn\m@eg routi ne shown in block diagram

form 0 in FIG 6. For, 3 scanning ?robe tips 114 this

m cr odeditiseslcommsraiaily axpleblaratasHe fasromjsroscope (AFM) is the

W&E@Meﬁ@i&g? alphy héaH “Fﬂh%pp%rtuér&oﬁ‘ﬁj&'ele'cﬁ&ﬁés SRR Fndl | Y

avai | omc force mcrosco the Veeco

Neser oMt loBE Growsa il AR en Hwﬁm i e GIA 85102 ToR o5
48RRI, e NRERGNELS B0y GBI OB i

Road, Santa Barb h| s 25 conmmerci al

é\‘/%ﬁ?m abitaing (hetetemedis éhomom F,!ﬁ&e% eFiteimoss ngspruprthytaighese
e#: {sl a?@%l:me g&\&gé/cﬁ_})ﬁsﬁ&{ s2nsors/ £hah tﬁﬁ @-5@# g?tﬁéécglgl 5%' aﬁﬁ'ﬁf@t S

e nost notéworthy o
shppretingsABVecontiel elestroiiesclido postiomingn F¥arfs dihés sy§emfatse dodse

R SRR, Bk e bdfoing HORED AOSEMERILID

does Having now described the invention in detail as required by the patent statutes,

those skilled in the art will recognize modifications and substitutions to the specific
embodiments disclosed herein. Such modifications are within the scope and intent of

the present invention as defined in the following claims.
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statutes, those skilled in the art will recognize
nodi fications and substitutions to the specific

enbodi nents di scl osed herein. Such nodifications are
within the scope and intent of . the present invention
WHA IS(dAIMER EE fol | owi ng clains. 12 WD 2004/ 006302
PCT/ US2003/ 021223 WHAT IS CLAl EDIS: 5 1. A scanning
probe m cr qscopg system conprising: at |east two

sle anningfapipHReLE MI)SCORYAYHCTB COBRISRBH por t ed by

canti | : j ]

(1aea T HFLE" Tatnind 5"8@‘%6?foﬁr@ﬁi*a%féﬁi%gg%ﬁe{%%?ﬁe"f\ﬁﬁ%)
4o am etonia HreeguiciogepertAiMh(148mi &, 148cknal s; neans for

gener af. j ' : i L. s . : .
(760, Teayfe afbrd 10y Bhch SN QI o R AW hnoton congrpsignals
not i omdans for Eénesttinglh fiest miotien camrahsigrfab(1 6Q,d6re i 68 li7TApfona first
S [ |, 8l . (162,166, 170, 172) for the
foi%g § F %8 @1\6?{6{ ﬁ@ﬁé{bﬁ}g f?%t?lﬂr@r%{olg‘b nin a second

di r ectnicang forparstihga satendmntion swgtral signak({l 62)1 665150, 1) fonthe

control .si l £1 22a . 189, 1 responsive to the
ff?r?ts({ne ﬁf)ﬁ’le %’ﬁ?‘@oﬁ%{ ’ln8€°nslln 6 R %ﬁong ggrrecgmsl’e cond one of the
AFMs  fngeansriok determidibg & firss piieenhotied ainirolsignal ¢1R2n, ¥80y186)

f. th M i the fi t i ti : )
SBPoRtiva e B CtinieRrdtslebl 161 Sronae e ARy ledbr pytion
Z_ilbpacl&ﬁ%lalﬁtﬁlo the ﬁﬁdﬁ@lgﬁdf\ﬂ& Amf EﬂhSA téf@gmifbcﬁm;i on control
Sl gha or e secon one, O e . or (0) |
S Do et fo Arong neropid fselmgtag cpire Samplid Baale

Se§RRdvétotBeiet &l m@idd cokRRBigndl Gt tREREs R InG 9f heAFRIsTEAN
data frominput signals fro? each pr oEe 20 (137). 2.
AP R PRAGepebban i the st HpAidvs mdheserondedirestionendy m
1 furth@hs foP BWckatinp tnagh M BRI e APSt sighald Jrohd QBA FRBE
probe to the respective control nmeans for adjustnent
dfi3Dhe associated notion control signals. 25 3. A
scanni ng probe m croscopy systemas defined in claim1
wherein the neans for determning a first offset
ot i o\ SEARIAY ProBe BHAQSCRIYFYStHR aﬁé%rgn@d froglaignel @rther¢pmprigng
R RS oy P i 0be Bl s Bl CORI S B adjustment
nafdhaassasipedspeticarponisol dighdlhed in claim 1 wherein each
probe (114) and the respective cantilever (156) are
oriented for placenent of a tip of

3. A scanning probe microscopy system as defined in claim 1 wherein the means

for determining a first offset motion control signal and the means for determining a

second offset motion control signal comprises a rotational matrix (189).
4. A scanning probe microscopy system as defined in claim 1 wherein each

probe (114) and the respective cantilever (156) are oriented for placement of a tip of
the probe distal the AFM.
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t he probe distal the AFM 13 WO 2004/ 006302
PCT/ US2003/ 021223 5. A scanni ng probe m croscopy

wayaemses defined in claim1l wherein a cantil PUBDS2003/021223

Sont + PP Ry sttt st i A Merein e

s:hﬂnas}er ﬁéﬂb@il@ﬁ&@lam 64)ds fnonitdred sdaaidicamieved &sTRERGN Wghal
neans.” 6. A scan naﬁgr obe, nmj cy 0sco syst em as

SOMPFs e iRt S1EHRL SOl RPIRPTR D OR N SCAR PRASE SFICEHON AMEESon

%. gnala dcikfhg ﬂr@bélﬁﬁtots&fp? dystdnsl aﬁcwfﬂecpﬁirﬂlmﬁl @\Herein a
defl ection sig ovi des feedback to the AFM for

CapieveR fieﬂeﬁP@bﬂg@hﬂ E‘F‘)ﬁﬁ monitored ﬁ’é‘tsﬁ’é&a?t&?"e% deflertionsignal
RERAEes TADRREOMY AFRITRY: kst foR@ sedridg. of attaching a
first cantilever supported probe to a f| rst AFM

adt t ac K methed ©& scomring prabs Misieseony RpFisiag thesksBeok o a
secon onal pattern
for t hn&gﬁh%ﬁfﬂg?gﬂtﬁév@} %@Pgﬁﬁéﬁﬂg’igﬁgﬁ%@% di rection
pat t eetaching atsheond cantilevpr sypported rabgiiaa sasondAFM; st

cont t QlicififEh FEUFETBRNTkRN £ ldifulgherg! di rect onal
pa attern Ccu econ contr

corr eslptenninmg atsc;ohdm@@@momﬂtem foethe ifionh atobe,p at t ern;

det er I s
and A %k%lg%efrr jcon t#o\f Si %%5&&3%@11%}{0@&6 cﬁ@?ho%apﬁ%em
first catdlstitg asecvnd obntml siged] chasspehding tb Itie sé¢omd thrcamnalol
ignal and the relative position of notion of the
J8LG M probe in spaced relation to the first probe in
t he f idetstmiding @cdlativaabsitiat dfahesec@d prabiecanti AV the SBCEmbe
offz&ﬁwcontrol signal based on the second contr ol

8 > and the relative position of notion of the
secon dalbtﬁlglh% a fistopfseeonttct sighal Gased @g teeefikti clbﬁﬁ'ol sighﬁilbﬁd ikHe
t he .secon ec attern an Ly t aneous .
SEg TR goR AEmpfansl trsatH DG e SR F e A TP
fthe fifst difdMioranphtehre first and second offset controls to
the second. AFM and, 25 nerat| ng . i mpge scan dat g
from |°ﬂﬁ't‘}?t“¥gr3<ﬁ‘ﬁ‘inﬂé?ff§‘rt66‘g@ I signal Raged OR gt speopd §%‘Hﬁ>ﬁ1ﬁlﬁ'§a1
RhQBR rBlGVRSRBY offiotibRl dfiRGeddhd probe M shatddrb1RGdn to the first
conprising the steps of: prOV|d|ng f eedback for
sRbetin B¢ sefond isectipral patfsri9ad. 30 nodi fying the first
and s eafehdoily 5@% dgg:gghfst SRSBEOAR ic¥frdl 6 Fﬁzn@mftﬁ@ﬁrlata&m

provi di ng second for position of the second
e Bhe: firgrpgd second offset controls to the second AFM; and,

generating image scan data from input from the probes.

8. A method for scanning probe microscopy as defined in claim 7 further
comprising the steps of:

providing feedback for position of the first probe;

modifying the first and second control signals responsive to the feedback;

providing second feedback for position of the second probe; and,

modifying the first and second offset control signals responsive to the second
feedback. |
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nodi fying the first and second offset control signals
responsive to the second feedback. 14 WO 2004/ 006302
WEAAWE30D3/ 021223 9. A nmethod for scanni ng ppODES2003/021223
m croscopy as defined in claim6 wherein the step of
attaching a first cantilever supported probe further
apmpr 'A?ﬁéth&&‘ﬁ:r s Qinhih & brobb ﬁﬁcreécopﬁastceﬁmcm chirh b wiercll @b
and cantilever at an angle for ‘maxi mum spaci ng of the
fstquf a@aopmweﬁrst. cpntﬂervsmupn@mrdi prehe fagthar gerapriseeths drifial gtep of
kb ab réﬁé:&h'&‘%arﬁ Vel Ltea\ﬁ%PgEW DRk R shk S g%f fdrdfer
conpril es Sthe 1 nit step of "attaching a probe
5 gmebedipritanh éweﬁrsta’tFM md theigtepof atirdChinil mm@qaa‘@lpm segfpottid
?&%‘Hmpér %91% Me?thfe ruﬁfﬁlts{?—:é of Stfagﬂlﬁig on& BI'OPé hﬂﬁec%mgvér o
canni ng Pe*m¢rosco
fanrahgle lfor mmmrpum spaaglgtoﬁélesec@pé pm‘oe tm @omjhe scoondhE.
ntlleve flectlon nal for e rohe; -an
Poui di e B oG BB Hi2hR pRBs AR gt
gﬁﬂ@hﬁhgﬂmswbsbhe i mge data. 11. A net hod for

10 urt naroviten e R 2RERle R e R e g

c ant [ g)mvarmglﬁmé bﬁﬁiﬂdv?ﬂeﬂb@ig)ﬁ:csllgfnﬁ)lrfoﬁwbraﬁﬁro(h’&he 1&?@6 3%5 y
VI | e cantl Ver, e ect S ee ac
PP A Be R Srannme profy Brioapy Gaskbrein i 2Bt oo g,

Jo'émprlsmg the steps of:

monitoring a cantilever deflection signal for each probe; and,
15 providing the cantilever deflection signal as feedback to the AFM for the

probe for constant force scanning.
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