;e3elj h>6t Tf1 ~| r,- S POSI TI ONING MECHANI SM PROVI DI NG PRECI S| ON 2- AXI S
ROTATI ON, 1- AXI'S TRANSLATI ON ADJUSTMENT BACKGROUND OF THE | NVENTI ON Today,
i mge- based [ nspection systens are of ten enpl oyed for physical inspection
of @mmmmm@ﬂmf interest. Such systens typically enploy an optical- or

Xr ce at a distance froman obj ect of interest at which an

area of15215%¢ obj ect i o is in focus. Additionally, many such systens
currently enpl oy QSISIONING MEEHHNISYh RROVEADINChEREGISIONE2-BXMeen t he

i magi ng source and th j LS ' S t e to be
i ns br ouéﬂﬁmﬁ?ﬁ?lﬁrr%g&ﬂmg%%f@mfﬂé@; | am nogr aphy
mcﬂﬁl@ﬂ@mmm“\me enpl oyed to inspect printed circuit boards (PCBs) for
man ng defects often utilize such a z s mechanismto keep a snall

portion ‘B¥%he board under inspection near a focal plane. The position of
the focal plane_is _determ t he tion of an x-ray source and xray
det ector, 5Mi%CKQ§§QIéN9n%g§§'B£¥N¥E§1J&§®aOf t he PCB under inspection. The
area under inspection, which is roughly square in shape, is typically much
smal ler than the area of the PCB itself, and conmmonly on the order of
one-quarter- to orkndapcmagetbassl ingpeotibinbystammat effign emplqyied dorgfhyisivel PCB may
be of sufficient severity.that.sone glgltlion of the_ area, bei n(gmi nspect ed nmay

remain out ofiYPEENRN Olad UisHy Of HECTEYe SYFD SYPIIUSIYPIRHEY CRIPIORARIPALIPT dr ea.  AS
seen in Pl G rhybictidbhied (PHistle fRh £P0Ee 3 it & wHiE dn f£8r B2 defist OP
a dépth o

si de of PCB to reside outside o focus 110 of an optical or
X-ray i nspectis mnfosystAdditiondly, tiang such systemsldurrantp emglolyi ansditiopigg narrow 2 s
wi dth 120, that may be i Syf cted at any Ort]l;? time. The use of a reduced

i nspecti on ameeehgswher @istance Retyisen theimagig sonregra@dhe,ebifef hecessary
for each PCB, I i - SIh@L A | I i Lon tine
required for agggﬁa%g% tgﬁliﬁé %%I?%géﬁgﬁﬁ ?9&%& g%g?tgibg()d eggﬁ; P%d#%?ﬁﬁg& .

i nspecti on t hr ougtfonexampldj x-ronlahliyggraphy rhachirsesphas breemployed tooinkieBt war pi ng

can al so cause the .3 p.ins an. systemto fal sely jdentify qut-of focus
areas of the PPEEFC MU hoagﬁiﬁ{fbg),for nl‘gc'%‘%‘_nﬂgﬁ?ﬁ?&fj mugzasidct s,
resul tinggin hifisY6 kb Sé‘é‘x‘islﬁlgE§ﬁﬁh%f@%&a&@ﬁﬁdqﬁi€s§%&t% ﬂarg'fé%ggfailhg.g of

properly nmanufactured PCBs. probl ens regardi ng a changi ng
di st ance overThelpesitionfofitte fofalgphanstp determined by the lotatanh dfanROBYsonmy and x-

| nopect] o aBhitEdoh AR TR onpyE v SR o R it urRat Thedeg” ©
encount er t henaanBsgbclibn,Githith BoUbi1Y s@Rire &t &ﬁba,\ag RpicallyIRRhesndd lef tHaHGha!l €

to be viewed or inspected. Therefore, fromthe foregoing, a new positioning
adj ust ment macdeanfitherPCRatsel] andgommenly endhe odenef wisrquartetiiid ene-inshmstesson to

eside AN L kBl S5iTe s bR DR AR A5G ome
advant ageous pofitd\iFle S¥ea DelngliMdplebiEl @iy remain out of focus, forcing the use of an
even smaller inspection area. As seen in FIG. 1, a warped PCB 100 may cause all but
a small area on the top side of PCB 100 to reside outside of a depth of focus 110 of an
optical or x-ray inspection system, resulting in a small area, defined by a narrow
25  width 120, that may be inspected at any one time. The use of a reduced inspection
area generally results in more inspection areas being necessary for each PCB, thereby
resulting in a significantly longer inspection time required for each PCB and,
consequently, a drastic reduction in PCB inspection throughput.
Additionally, the focus problems due to PCB warping can also cause the

30 inspection system to falsely identify out-of-focus areas of the PCB under inspection



15 Bwsbodi nents of the invention, to be discussed in detail below, allow an
obj ect under inspection to be rotated and translated in such a manner

that, more of the object will reside within the depth of focus of an

i mage- based i nspection machine. Continuing with the PCB exanple in FIG 2,
if the warped PCB 100 (fromFIG 1) is 2 o rotated about an axis within the
pl ane generally defined by depth of focus 110, nore area of the top surface
of PCB 100, as defined by larger width 2002 -1lies within depth of focus 110.
Since warping or other irregularities in an object under inspection can
occur in any skmentfiaariag defgcta, saulfiagm aitstdue to bjexessathadditioral testiag oan

adj ust nent nechanismto rotate the object about any two orthogonal

hori zont al ax@éca{f@)‘nﬁééB{RPPﬂ?S‘W’Hfacﬁﬁé EGBR irregularities is desirable.

Assum ng that a fo i Ny ] i (A
hori zontal ly, as s%‘géh Fﬁl@ﬁs%\éga‘i‘&ﬁg%g@%%hg{&%gﬁ%g%&%@@grﬂf%ﬁgg Ogﬁn

enbodi ment of ejbet is notdirhitatod B waray tamihogaphy mspdction amachinean Culgrexpticalnder
i nspection along a vertical axis as well as rotatiopal orientation of the
obj ect abdut 9RTEYOPASeH MieHINGESPeSHER machines %ampe yicglne forghlsngth t o t he

vertical axis gﬁﬁg AN{ I RC I: ans for
retaining thea@ggjqré%gt 18{?16 e?ﬁogg%{ag}-gi%gw ap ltrﬁg}vd é@n‘%ﬂigc?srsr}é%ﬁlgg ?Z‘B{lﬂg@gui ded
mechani cal | y étfucpire @ babewed bhspegediori zontal axes as well as translate
along the vertical _axis. The retaining neans is al so prevented from

hori zontal s transThereiwafromthefarromEs a Rew positionweadjusHaent srbarist thfout
the verti cal IS : i : . : .S RAC as of

t he retaini ngﬁye%n%gg%g%gsﬁle&t@%?tﬁ bgéarllﬂ%f I 504 @qg%lg%%@g{/?’gz%?&véftfﬁé hose
three areas bhusgllpedigtfoong@daeeirispedtionlaeea aidathus idgherdanspeonon heoughipat, ed
about the first and second horizontal axes by the translating neans. 1 o An
adj ust ment me¥PEdibsAdNRMAZURg t o anot her enbodi ment of the invention
allows for translation of an object under inspection along a vertical axis
as well as rotation of the object about both the vertical axis and a

hori zontal axis that is orthogonal to the vertical axis. The nechani sm

i ncludes, in part, nea f r ini the object, and neans for rotating
t he retaining Mé%@%tﬂ%ﬁ@l%ﬁﬂ&ﬁ axis. Means i s for guiding the
rotating jgeans pernmits the rotating nmeans to pivot only about the

hori zontal axis. The guiding nmeans and the rotating nmeans are coupl ed so
that they are pernEmbedimentsafithe invantidraté badistyssed mndptaihbelowy sliavahn akjest
Means for trans]ating at |east 1 istinct .areas of the rotati an

A ong. the vertiieaisasnto Ba et Rof wabaimen Rranenst DALRIT 85 e R
opposi te si degiipfesida&yiltf tieRbad ofRSbSs ofAnAmABLRRY ifdpeegdRALHiRE. t he
invention exists in the formof a nethod for adjusting both the | ocation of

an obj ect al ofentinung with she BB sxampletin F1G o2.4f therrearpest PEBt 100 (6noFIG.He is

obj ect. ahout a.first and secopd horizontal gaxes 1 f£h.t LISt d second
nor i zont 0 axRted oD B af 5P s BReF Y isRer Y SB et odglf of kicht 1 16m%

ot her. The objreg6f thensiesurtdee REPTBOIN0, s MfirRdes) 1h@ePividih 20001s witlin dbptat and
second horizontal a s axes, and to translate along the vertical axis, while

bei ng pr event edfoeusohhleiJince warphng arntherlirregularitiestin en abjegbumdes inspediiontranpl ane

defined by the first a C har Lz ont : r stantial rotational
movenent - aboutethE Rl S AR he BES, B BURY 6P % luaRul: ' ore
then transl at gdcitmbat fvotadd the objeengbdud ény 6 beRdgonx] Korizohtad akdraotabémt ar eas
bei ng positioned so that the object may al so be rotated about the first
-4 25  for any such irregularities is desirable.
Assuming that a focal plane of an inspection system is oriented horizontally,
as shown in FIG. 1 and 2, a mechanism according to an embodiment of the
invention allows for both translation of an object under inspection along a vertical

axis as well as rotational orientation of the object about two horizontal axes, each of



and 'second horizontal axes so that the object resides in a predeterm ned
vertical position and rotational orientation. Another nethod enbodi nent

adj usts both the location of an obj ect along a vertical axis and the
rotational orientation of the object about the vertical axis and a

hori zontal axis that is orthogonal to the vertical axis. The object is
allowed to rotate about a vertical axis and pivot about the horizontal
axis, while being restricted with respect-3x-0 other transl ational and
rotational novenment. The object is then rotated about the vertical axis,

pi vot ed aboutwhich ihorthagomhhio thx ivertichl anis hiat occaah othgrt fthevmedhaniam iagiudeyynt i |

the obj ect resides in a predetermned vertical position and rotational 10
orientation. ORREL MEaRsEQrreiRing the-phicr) 88derringnselion, ARt ISRINNE Me3BE de

apparent 1o, ok Ak A5 el A5RG0L A S8 d NG B GRTURESgD i 1

t he acconpanyi ng=draw ngs, of “exanp pri nct ples of

t he i nventi onalodpthBRlekfcaDEtcRITHE relithy MgmORAVbN S dnkdd frami Ior&odliaggr am of
a horizontally-oriented PCB that is warped to such an extent that the depth

of focus d&ssoEinsiasigneli mpvementasgeclbasedationghbmeveraentaponicthe vewieabaxist he
prior art covgrs | ows .onl smal | area of the PCB t.o. be inspected at a
Pl er G 2 Wi lgr Jifha fing aCledRlcee isff s B oo ediPine udalf B i
hori zontal axyertief akitak aRolpp6@ged, avigthoke thie: ek bRy phatiomARRChadhat one
time by an inmage-based inspection system according to an enbodi nent of the

i nvention. Fl@aigng neanparayheooiaies abostiheffiratrandoiecendiaorizontsd lazes bynthe
according to an %.5 enbodi mrent of the invention that utilizes struts to
al l ow a PCB URYBRIEINEDS on to translate vertically and rotate about two

horizont al, axes V‘hAh%djl'@lﬁlgdt zﬁécﬂﬂlié}ﬁtabcd}afn?%’@h@thext EabSdiRlehOoF B dnventigh! ON

about a vertical axis. I's a perspective view of one of the struts

utilized in tdiewadontandatiomeicinotjetuoder ihgpectin alongda FerGicalsaxisasawell as
Phe | mvent | orfori o ahy qbs shoutbert BRARPBLPTE 5] HRotipmte) SEisbetay ball
joint to all %&éﬁf;ﬁ tb Wk erti i BRIS! TRE rde@hddidh %Ac@&a%syiﬁ;ﬁahgﬁalews RAtkthiRlR ©
about two horizontal axes while restricting both horizontal translation and
rot ati on abouthe abjeet, aind aleamscfos rotaig thé retsinmgpueangaboutbe vertinalofxisanMeans
adj ust rrenlts rref%p "é‘Qiid?an fhe %&Et?ﬁg”%eér?s pae?mits the rotating means to pivot only about the

horizontal axis. The guiding means and the rotating means are coupled so that they

are permitted to move translationally along the vertical axis. Means for translating at

least two distinct areas of the rotating means along the vertical axis is also included,

with the two areas residing on opposite sides of the horizontal axis.

20 ~ Another embodiment of the invention exists in the form of a method for |
adjusting both the location of an object along a vertical axis and the rotational
orientation of the object about a first and second horizontal axes, with the first and
second horizontal axes each being orthogonal to the vertical axis and to each other.

The object under inspection is allowed to pivot about the first and second horizontal

25  axes, and to translate along the vertical axis, while being prevented from either
substantial translational movement in the plane defined by the first and second
horizontal axes or substantial rotational movement about the vertical axis. At least

three areas of the object are then translated substantially along the vertical axis, with

the three areas being positioned so that the object may also be rotated about the first



enbadi nent of the invention that utilizes two fixed bearing joints, one of
which is nounted within a flexure nmounting, that allow a PCB under

i nspection to translate vertically and rotate about two horizontal axes
while restricting both horizontal translation and rotation about a vertical
axis. i o FIG 7 is a top viewof the flexure nounting shown in FIG 6.
FIG 8 is a top view of an adjustnent mechani smaccording to an enbodi nent
of the invention that utilizes two sets of4pivot joints that allows a PCB
under inspection to rotate about each of two orthogonal horizontal axes

whi | e restri cidd@chid horlohial axdsab thatalsblgtttansidesdn agireddtemiaddudrtidalver t i cal
axis. 15 FIG 9 is a front view of the adjustnent nechanismof FIG 8. FIG
10 i s a si de ResiipnogmdrptigaglpsieRdieNnechanismof FIG 8. FIG 11 is a top

vi ew of an adj ust i I : i e
vent i on that 1 s Ba0EFEAPNMLBRGRTa RSB AL Rk RP S BBk Mhne e )
0 FIG 12 is verticw) axisend @lic @iatdahlsidmnionof vt jscnabontahé vagichbaxisand a
enbodi ment of the invention that utilizes a set of pivot joints in

[ ] . ) ot |
conbi nati én wharizogtal axisthasiscorthogenalito theevesticad axis. dibgobiegt 1siallaweddoretateat i on

inder 1 nspect TR b 8T ARGk A BOBE nafPlifl e e Dok USRRD N, .,

of the adj ustepyct iEathatfRlabibndilatd rdtationa] sndvefrent] ATHeSotde ligiher iretatedl  t he
adj ust mrent mechanismof FIG 11. FIG 15 is a flowhart of a nethod of

posi ti on and #tsuhtheomrtica] wes.rmivatedabant thelprizenighaxpiitusletas aleng theevertical

i nvention. FIG. i . re ang . . FELOn agnd
rotation adj u% lsrréﬁfl tg%élb %Qﬁ%%&?s&hgﬁjrgur%%d?ﬁ%dn{@%&qg R%{{l?ﬁ\%%ﬁtgﬁgr?al -6
DETAI LED 1QESGiidnidtigy. OF THE PREFERRED ENMBCDI MENTS The enbodi nents of the

i nvention, which are described below, are fashioned to adjust the position

of a PCB within th@thepgsnestsrandadsantages.ef thg/ invepioioyibbrepmepnparant Hions et em

However, ot heg i ectl. 1 : . : LC r_ ot her

deteot 1 on” moaPLORRRCHABR RUSUAR, e W Eug0 s B bt opebyi¥orabing?
illustrating by way of example the principles of the invention.

15
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a horizontally-oriented PCB that is warped to such an
extent that the depth of focus associated with an image-based inspection system from
20  the prior art covers allows only a small area of the PCB to be inspected at a time.
FIG. 2 is a diagram of the PCB from FIG. 1 that is rotated about a horizontal
axis so that a larger area of the PCB may be inspected at one time by an image-based
inspection system according to an embodiment of the invention.
FIG. 3 is a perspective view of an adjustment mechanism according to an
25  embodiment of the invention that utilizes struts to allow a PCB under inspection to
translate vertically and rotate about two horizontal axes while restricting both
horizontal translation and rotation about a vertical axis.
FIG. 4 is a perspective view of one of the struts utilized in the adjustment

mechanism of FIG. 3.



In t'he foll ow ng enbodi ments, the inspection systemof interest is assuned
to io be oriented such that the i mage detection source is | ocated above the
posi tioni ng adj ustnent nmechani sm and directed downward. Wiile this
arrangenment is the nost popul ar one enployed in inage-based inspection
systens, other orientations of such systens and their associ ated

posi tioning adjustnent nmechani sns are contenplated wthin the scope of the
foll owi ng enbodi ments. i s An adjustnent s.chani sm 300 according to an
enbodi nent of the invention is shown in FIG 3. Four struts 310 are coupl ed
at their |ower endBIQ.G i3 a3letspeativeadew 32en adjnsirehemechuplstdacdordigitd anipper
ends near the corners of a retaining plate 330, which holds the PCB to be

i nspect ed (notmeefimant ofdhe inventsarpthat wilizes a staignaryalldeiat e Pidingbd! f9iim
retaining pl 0] | - ROI iFl [ : , a
0 as fewas f‘tﬁ?agéa’s% lr)@?sql %ﬁg{/ﬂ%ﬁe‘%g@ié& {r%nsga{rtlgg tfgélhgt%r}q{\}rgtatéﬁ%%gl{t l}r‘gﬁp 8“9@513 e
base 320 nay hesahileatstostaigbdh abezonfllttensiatied ynd stabhabbasevaBtalnmys. be a
hori zbntal translation table that i's capable of nmoving translationally
within a Bori zont aFl(pI6dae PseEspestiveridew of amadiystment taeghanisis pecerding 1&gt em i n
which it is e . g i ] t | PCB
to be inspecte ﬁ@g%tn%%pgl&ew @Ha@ng)6§ ?Wnaéﬁ8§¢%e§%akg¥yg¥sf g’ﬁ"’aé@‘;’@ﬁgg

| am nogr aphy meutite@withifa fléx&b evminting, thatsdlioh £PUBRBdeingfectidn t tradlate At t he

upper end of strut 310 resides a two-axis ball ]1 oi nt. 410, and, at the |ower
end, a one- axyestieallyandjretatn abepbitwq hotizoniad axeswihile igstrishag beth horizontak 1o
resides a tr i th&? .al | ows danpened transl ati onal
novenent al oﬁtgﬂsﬁgémﬁ%ﬁlg‘f&u I né@uééir\%’grt%??%xt@ut 310. One-axis pi vot joint

420 al | ows rot ati oFIGITl iy aabpuiewt dfehd flexwre Ricaintiax slsovdeini Fied 6by t hat j oi nt,
while two-axis baI}Ié})doi_nt 410 al l ows rotation abqut that same axis, as well
as the horizontal .8 i piep Yisw0f angdiystment meshanigyy ageqrding 4p pn embedingng

does not allo i . ; : 'Jq;@g i The

col l ective orelﬁéetﬁ?a @gﬁéﬁﬁgﬁlﬁegwggg%ﬁﬁggﬁéﬁs ?ﬁ%{ %ll'lj Ust ?nglr%t%mr?grchani sm 300
(FIG 3), in inspyction to mitatekbdutehcbdéfiwoorthogaflal horiasrtaleaxas wihile eestrdetigdi Ng
structure which allows retaining plate 330 to translate vertically as well

as to rotate 2ataprizanialiragsighen aRGtiRASOBHYHICHRES: The transl ati onal
nmovenent .al l ows a ferdat fek il SE Nt @ught into focus
by bri ngilﬁg the P t'(?qtsﬁer prgggr&ﬂe?gﬂltu&?{éo %%nn&%ﬁglg%&h of focus
defined by an x-r aylGddrige sidls ¥idwo ofithe cidpistiwent nieeh@En afiflGrB.x- r ay det ect or

360 | ocated bel ow._The positions qgf x-ray source 350 and,x-ray detector 360
Ty &l 5o be rever sEHe. TAGDAAA NEWSH A0 AL B HERT HHOIE G FRAHE novenen
al l ows the P idiRentIritEinSen@iOMmbt ik WRseR dnA eRABLAiRRK SOYRIR, RIED, 384 t hat
the maxi num area of the PCB wll lie within the depth of focus. I s Struts
310 al so subskl&ntlDal Iy Iimt horizontal translation and rotation about a
verti.cal axis. Su im.tations in mvenent are, hel pful i.n accurately
control | ”fg the rrocézlé‘ré%ls S%OHYIIE‘_V 1 ﬁ%‘g&“ﬁnﬁgﬁgﬁql%ﬁ??&%lﬁﬁ?" fhe area of
the PCB to bembudnaehtasd théinvemitn thal aflxees seod pivide Uikt iireGorlinkfiéh WithRect i on
system Myvenent of retaining plate 330, and hence, the PCB bei n%t hel d by

retai ning 2 dupitzhlesatn! thepivetdeints willallow setatioa abawiohorizentabaxisptthes. by

computer . m CPORRE-GRFBn wrp. ey PRE ARoRholiPhEy il BefiE b e fficlf vy

El ectric notors 340IGaapliya okt eiewvfalicadbstment medhaalsaLofllIS. tions of
retaining plate 330. The top end of electric notors 340 1Eﬁg’)bscured fromview

z Lop er ( >
by retai @5ng pl at FIEBRAM is & sidgtviewy gf thepdivstagah mechanise 0BFH.Nd - pl at e 330 so
that 2s retaining @ ; (o} 0 ori zont al
axes. A round surflg)lllcg'g'l lgtlg’%glgq't%}é%&g%%}nglthaolealog&)f)gp}én%?Boﬁgtwékgg used for
contact with deebmliny foGindntiodiméed) of @ise eedtioas any ot her surface shape or

construction that mnim zes the possible wear on both electric notors 340
and retaining pl at®I®B3@ is a flowchart of another method of position and rotation adjustment

according to an embodiment of the invention.



_g_'1n many enbodi nents, the conbination of the weight of retaining plate
330 and the action of struts 310 will allow enough force fromretaining

pl ate 330 downward onto el ectric notors 340 so that retaining plate 330
will followelectric nmotors 340 in the downward direction. Additionally,
the downward force applied by retaining plate 330 will be noderate enough
so that electric notors 340 may nove retaining plate 330 in the upward
direction wthout undue stress on notor 340- Electric notors 340 nmay be any
el ectric notors that can be accurately controlled by computer, dedicated

el ectronics, or any other kind of algorithmc control system For exanple,
standard stepper notors may be utilized to provide i 0 accurate positioning
of retaining plate 330. Also, servo notors, which are generally faster but
possi bl y | essppeayr BbOESERIEONEE THY PREFERREIPEMBODIVENTSAdi tional Iy,
to inprove the accuracy of any electric notors 340 used, a system of
position feedback, such as linear or rotary encoders that are well known in

the art, may be utilized i.n conjuynction with electric tors 34Q. .The use
of “such’a Tposi ¢ 1 oniFeaabedefiS 3 HFahucitiag, hisf aBSadsaibaEhan: o lesened
nature of the,RiRf thepositioRdfa POB WaNE thOEnRRMinenPBf élﬂx—@&ycléhﬁﬁd(%{éﬁﬂ“' red by
t he adjustnent nechanism Although nost of the enbodi nent’'s of the i'nvention

her ei n di scl dsspectios pystgmt Howeser, othef mapectibr systéerns, mitethes basedl, orf entiss, xsuch

notors may be enpl oyed, . dependi ng on . .the particul ar just men{ nmechani sm

For exanpl e, r_@%%é’%?r@tef’ﬁgnBW?‘B%%FW@HW@??%W&? Ay giemaa JPH?&%O%ﬁYect ric motors

340~may be utili Zeﬁlth@%l%qnggmﬁwhenﬁotﬂe%dggc% sBJ@ﬁn{T@Ei?Fe?es?'isf%s@%b& kpned
o e

at diverse |ocations about retaining pf_ate 30 so'that a the
t r ansl at ixonal beagribntask ssich thes theriptage deteetidnosourt ety lachted rmboveathic positimpinige

i npl enented. The use of .three e|lectrigc, notor A conplish thig result
b o the T AVSHER et Featafitseac bt Tk hE et it

whi ch, i n thi S 8% 8ne bipldyed M ARedfbidREpetoR Yyiahaiotid rith@tisndsucihe
notion of electric notors 340 is dependent upon which area of the PCB under
i nspecti on i ssybemsgndthait assokiat®d positiening adjustment wieghdnismssare cputamplated
transl ation anq .rg{lati onaL6 ortj ﬁntati qug’ gf trt1e PCB desired for a particular
area, a syste‘?ﬂ}t‘lﬂ e?ﬁ&’Bgo ﬂ)[e PREVGSROE 8™ he PCB prior to its detailed

i nspectiag using t AR a@fub@EtineRiRtEanism 300lhsot AL ALémbadineit HRhe ipleateslid 0
advant age. Such a sgstem is not the focus_of the enbodinents of the %esent

i nvention, buthowmdn §HEi raFourstrutst3 10mee eouplad atdhislowey endsiera statle baset
Ve o ! ! A
i ust ment | g SaRugt At wille AR n B HRLLIRN o cebdtfinh BYAE LG g

struts, adj uslici@dthe PEB I BeSsfz0R2d (hotlsha@a). t Sweuty 810 hedrieatedfdoswwrmldd andint ed

at their bottomends to a stable base 320, as first nentioned |n
conj uncti on viutwaid{Eora efaimingiete 38 0 Sigce shreqagints ate spifigicantp dafingaynlane)

Shaf 5 510 1 S8l o2 okt StuSld 16tk o’ HbcRge EudBaRde | di ng bal | 530,

each of which nay sli al'l'y along 1'ts respective vertical shaft 510.
First sliding bal |Staéle base 32untgbe 4 smativhdriiptate. eAhematety, ptablecbds©320 whaydie i S
simlar to retainin | at e, 330, shown in FIG,. 3, .in such a way.that first

sli ding ball ashRyzoutah Fpsletion 8ble dhatteoape bigiof miving ﬁw&tlﬁpﬁws‘%maresm ting
in a fixed-pqogisi Jeofti R RS i

prohi bits an;c/}?d srfuz’gfs?ﬂtagﬁl? #éﬂ?écﬁ;ﬂ}l? E)(;nt!tﬂg#)altqircgﬁs 5??%%505 Etrélléltlai ni ﬂigmpl)? %t gfog%)%
Second sl i di n§utiatrinst@idnalumbvdogent rllews thelrétaizd POBatp beouspectednsileatiatiraatd vy

along i5 a linear slot 540 .which re?i des al ong the Iine defined by vertical
shafts 528, aﬁt|admxenbsmg a stationary x-ray laminography source.

FIG. 4 shows one possible version of strut 310, At the upper end of strut 310
resides a two-axis ball joint 410, and, at the lower end, a one-axis pivot joint 420, In
between the two ends of strut 310 resides a translational dampener 430 that allows

dampened translational movement along the longitudinal axis of strut 310. One-axis



rotation about a horizontal axis orthogonal to the line defined by first
and second sliding balls 520 and 530. Second sliding ball 530 also allows
vertical translation along its vertical shaft 510, as well as rotation
about the line defined by first and second sliding balls 520 and 530. As a

result of such a notion guiding structure, --- - a 0o - -- rotation about
the vertical axis and any horizontal -translation aie-substaritially
lintiited;, ----~- in simlar fashion to-that exhibited by the enbodi nent

of FIG 3. Electric notors 340, fromFIG 3, are also used in adjustnent
mechani sm 50@ivadeint #2nalldws, rotesiohewnlyasbduln thechoeizenthl axds defieddby3thet joay, be

used, in a fashion simlar. to that described for adjustnent hani sm 300
from FI G 3. whils DaechHepalbiots il A Pwsaﬁtﬁungth%éﬁ%?@wédgeﬁf%ﬁ 8Bl ayed in
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First pivot bearing 610 is nmounted in_a statjonary hanner in a r%tai ni ng

pl ate 6055 which i<esoleetite qrigniationaad 4rtem Séliuéftéso igradjustmentypgeehanism
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pl ate 605. Owhipgioskovd etaniagplate 830 @i trasldveacrtiog lyodsOvelbastoaptage atwalk apy ai n

radi al bearing, type SF., manufactured by The Torri ngton Conpany. her
similar strudarosgogenal heemwaléxs%sfh%ﬁrwSE%élmggaOY whpdowsanareppipddiBide a

sliding stage.. : L LT E et Al sane
left and ri gﬁl{lhgn[g@fgsﬁnkghtaﬁ gdsjb%l\?rtgg llri'telh{r%r)oﬁhﬁ %b@%ﬁfg&%ﬁa@lﬁe%&g sfggg woul d
utilize hall viaddn ithegdepdr offoved ddfinef diyransc-tay salitce\@50 davatedi abbve theROB andt of

the stage within retaini | at e, .605. nore .detaj |l ed view fl exure
mount i ng 620 AFGTRY e@ct%%gﬁ’%ﬁﬁd&eg% ﬁ‘hﬁpeém?nsoo %—raVﬁowr‘fﬁégbapflwayar

enbodi ment, GRS 580 HE agwb@fev%wggg&ﬂeﬁﬁg |

i ni : 05 so
that second 'pivot "bearrng 610, resi g W %?ﬂ{egpgg%%og'zg?wﬁg%{lﬁno%e

slightly | ef tmaremenghliowsthe MBetoskat @idnted aoput tvat aithaponalfharizbaiahaxeg spltiate
605 about a horizontal axis tr verse to the Line fined by first and
second pi vot BEERKEYEN GTG.O% ‘Ylilj%‘?”éhlﬁg'ﬂﬁ%‘?pﬂbogécﬂ%w for this

particul ac appl i cajh@d31PALOAMBRNSAIT liffit HorRohlaPihstatiBRURKIBEB R BN&tReEN
used in other applications in the prior art. As a result of vertical shafts

51 0, pivot bearticasxis1Bychalimiititiansun enavement arg helpdyl in ecauratelygoptratlingghs may
transl ate verticall S | as.rotate horizpntall y,.a t wo. or t hogonal
e ont o | oarement of 68 PEH und® DA B0haTEE il oI o PirRhe i oy .
hori zont al trr@dzﬁqugj;;géu arSideRtifiedasy thetimdpe@ibnayoldin. t he vertical axis, is
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subtantially _ . -limted. -- o i _ _ o
Movement of retaining plate 330, and hence, the PCB being held by retaining

- EeMr electriconotors -3 e LO ADVE,. l-ate- -
505 Trro®br ombie fatis FeRtmlphed Bt Fridpflat RS g, AR e B B D48
anal yzed. As theiotisn bhwaichiotedteollvdbylecongder, Mcrot@tiodlss @r tarhe biler pipevi ous

enbodi ments. Anot her enbodi nent_of the inventiagn, in the form of adjustnent
mechani sm  of algorithmic controller. Electric motors 340 apply force upward at four diverse

positions of retaining plate 330. The top end of electric motors 340 (obscured from
view by retaining plate 330) is not rigidly attached to retaining plate 330 so that

25  retaining plate 330 may rotate about any two orthogonal horizontal axes. A round
surface at the top end of electric motor 340 may be used for contact with retaining
plate 330, as well as any other surface shape or construction that minimizes the

possible wear on both electric motors 340 and retaining plate 330.



2 s'800,'is showmmn in FIG 8 (top view), FIG 9 (front view), and FIG 10
(side view). As stated for earlier enbodi nents, four vertical shafts 510
are attached at their bottomends to a stable base 320. For adjustnment
mechani sm 800, a first coupling plate 820 defines four holes (not
explicitly shown) through which vertical shafts 510 protrude -11 so that
first coupling plate 820 is held substantially in a horizontal orientation
while allowing vertical translation of fik®st coupling plate 820 al ong
shafts 510. A second coupling plate 840 is coupled with first coupling

pl ate 820 by way dh mamyembteidithemts tthgtombinatbémdSth83@ighabl mudinmegdae380
coupling plate 840 to rotate about s the harizontal axis defined by first
pi vot j oi nt s agddhe asioadstigts Gh0 Hl apwenppgh foscrises refeiningpials 33kt ~ bei ng

i nspected, o ' I oY : I.0i.ng
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hol ds a PCB triotbss 340sipeied ésivnviniet dirctivgr. PAddigoill, the dooumplaedifdroe ssyslizddyi O
coupling plate 840 by way of a pair of second, pivot joints 850, which
define a Fot dtiabnag plésa %%@wlﬁ&mewttaﬁnmh sodhatpdeqtrie motrs B9 slaYInowH

j oints 830. . N i i.0i | rotate
about two or} éé%ﬁ%ﬁh‘%¥@§%5@2W£§§§Sﬂﬁéﬁﬁﬁﬁﬁﬁﬁghﬁﬁgg%ﬁﬁﬁég8§& ié@% coupling
plate 820. As a reEudttic mic?6r8i3A0 AtiyWeaing efeblid Mmotrd hapchntbesdcdutately r ange of

notion as in the previous enbodinments, while i s restricting any .

substanti al tsenirelbed by campiren dedieptedelestsanies, ehamtrther ind of elgerithimicaxi s as a
result of vert] t i | | | ous
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retaini ngopl akeur8t®ositiofingradpetinigsplate 330f Ailsd, Refreahdton, whichraragesrsily t he
PCB to be viewed. Four such notors 340 are enployed in the ----- -~ --~20
- - enbodi nentfederciut pessibly lesa pecirste than fePRSHMEFArS MRy beganeleyed | fgditigrally,
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poi nt at whi deedbatiqrsciBddlimanbatary ehaiderstbatiraivell&howhan thegirgtmeaysbe ght | y.
FIG 11 provides a top,view of _ adjustnment pechani sm 1100, which is a a s
variation of WiHgedisminsHen yithilqgirigmotprs Ay flaﬁ uwif Fe¢th? Rosidemfesdbrrkol at e
1110, a, .fir | 20, { Il lie
subst ant ilgl I égft%ﬂyﬁée); ggcrlréeéhgflg(r:ﬁeﬁnhﬁ% °m“2393 ugiﬁf??gpﬁgﬁgg%dt%e tﬁg e;ép?ﬁ first
and second cpopitionmgpicairesy tfjgdedimdtht bdfiistrhent neeepartibre. hei ght required by

dj ust t hani 1100 t i ni, My, Fi |, i | 1120 t ai
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allowing first coupling plate 0 to translate verticall'y W thout any
ot her subst amnith¢ partiawst adjiissment mechantsho rFar gyampledcongemingithe ealoditgergloft e 1

coopl | nehy b DB G PR b b S B8 e b airson
the particul afe poaidreatat BiverseMbatiomeatdlit fdtdiﬁﬁlg?la\t@gw 60 tHaball dBthemey be
necessary. First pivot joints 1130 all ow second coupling plate 1140 to
rotate about teanplerienad gnd rotatians] aetiprfealloweditiyrtbe meichastism siaytbe impbanented.t ur n,
second pivot 4l 0 N . at.e. .th.se oupl i ng
second Bl vot it e 0L SAHEL B LA OGBLAL B AR D SEREIALERYP!

hori zontal axige @atinerybitt defind DOplane B dpace, WhicH, il hid Zx38figktheplase défingdni mum
of thr eezglng%g_rraémrirggt g{@%{ar(l)?t shoyvn)tthhat a{_e alnag_ogou;s_ to thoset use in the
previ ous i orce in the vertical direction on retaining
plate 1110 to ena I Cak Lk k DH0: [ icthe f the
ort hogonal hori Z0ﬁ[thglM%i&gsﬁae\}%cﬁmgﬂétqg%?%{s?féﬂ?rgﬁbgﬁséoﬁqg@?ﬁgfegﬁ@?e bcB
transl ati on anderiatpctionis beihgeexaanigdoITEddémtne the réladvendadiltemglatidtn Bhds 8,
9, and 10. i5 Another, emhodinent, in the form of adjustnment nechani sm 1200,
takes a sli ghelijiorsloriepiation appe S4dhdesitserienanarieidanpres apyaigmghat maps out

PG 14 (si adtpdfRe SLBR ne bt ol deldPq thgBion Isfie dd lrbffhentd 119 BN,
turntable 1210 seleétively driven by a rotational electric nDtbr 1220. -
--20- - ----- Four vertical shafts 510-are conriected~at their botfoin
ends to-a stabl e base-




320 Vertical shafts 510 al so protrude through hol es defined by coupling
plate 1230, thus allow ng coupling plate 1230 to translate vertically al ong
shafts 510, with all other translational and rotational novenent of
coupling plate 1230 substantially limted with respect to stable base 320.
2s A turntable base 1260 is coupled with coupling plate 1230 by use of a
pair of pivot joints 1250. Again, depending on the particular application
‘for adjustnment mechani sm 1200, only one pi%ot joint 1250 may be sufficient.
Pivot joints 1250 allow turntable base 1260 to pivot about the horizontal
axi s defined diyclpieddiergimimayydeaiployeBuchdypantagel rigch asysteinis ast thefodusaif the
translation, is acconplished via the, ac - 13H§.§ectr c,.notors 340,

i opn of .
whi ch have es%@ﬁq‘@@l‘@ of Hie nEgssRt INERURD, é\“i @F Pptdmgkuse QHMERE MW t he
enmbodi nent s gm ﬁ)gﬁ{ﬁ@gﬂ altl'éﬁ‘é?sﬁéheﬂ te?n motors 340 are utilized in

adj ust nent nechani sm ew as two are contenplated, as only
vertical transl at |Anothaderpbocbﬂmmg)fahmmlvemm ngtmstnoat rechalismdios, whizh is

required of electric s _notors 340. Attached to turntabl e base 1260 via
rotational® eldgrlpysd ipdter 21082 §fétrk‘tt§’r"’ri£l sntﬁa@ants@fm WHizgs FEP XpHcAl

plate 1240 is gkl §?@ﬁ$un ed a@fheﬁlﬂo%ﬂﬁfddg%o & SRBRI BIRA 820, raetfﬁét%aalo%@i@ 1240

may be attached to rotatio el ectric notor In order to
all ow retai nidmgjmicabﬁ:wlfhétﬁe embbdineht ef FIG. Bot}iﬁaetmuoptndmf]vmmallshafts 510

ort hogonal horizontal axes to facilitate o or |rre

surfaces, r otfﬁﬁl%ﬂéimté?éﬁ’tgrhag‘ Sr?ﬁtaéifl apooRnd; s ‘%‘ qfﬂ}BC]%l i—:’fi%u ni ng
late 1240 I | 250
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will allowthe are nt erest o under inspéction to hi n
t he dept hoof Wwitkingetaldihg flatet 305, pzhmlmmmlhamﬁmmtmmlgqﬂate B20 kloowz onFKS. 3, in

transl ational position o e.are ere i § substantiall
from nei ghborﬁ“ﬁb aéYaé’éQab%“S? a’(dérl‘%a]&ql g)%ﬁé Ay t(b‘i’?t%ﬁ ‘i‘ﬁh&?&alwgtﬂiﬂe‘ g@é Y
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retaining pl e vertical axis. The freedom of novenent
required by rany&tubstamtialdabfizd)maldramlamn bPRfaivimgetate SO part on the

oo on - schonlsl! e el BT e el S50 B moke iBietoredbtie </ e

Of the-hqri zof jif ATRRE 546 Vhich resides alon%t‘he line defRh&d bPPéticAls8akd 50, MbRingl 220
is only reqwred to rotate turntabl e base 1260 t hrough a maxi mum of ninety

degrees in ormetiochabowid) hrgizesta amot‘thngcgni mallngdhﬁmﬂw ﬁrsmct)amgnd)f the
PCB under inspecti,0 cti |l o urf
vt of nt o 55t SatscRo BN sehe St Yidngaul aRarIBRE vagRAL Bhidion |

posi tion, rotabhdnialerdsalShefsn0,GsMWI0s rd#didn lasoatamwlﬁeeaieﬂredmqud@dl 80
degrees of rotation to conpensate for the nore restrlctlve novenent of

pi vot joi nts seeoud sliskes b‘ilbnsélola}ﬂd 588t Awsiagaalt of sugh pimotipptepiding swugtyrs; or oj dal
t - el e
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uni npeded | i ng-s@hiled fasHiow uethat dditdrdibyehaembodinehhef IG33bet ween an X-ray

source and detector through adjustnent nmechani sm 1200,
Electric motors 340, from FIG. 3, are also used in adjustment mechanism 500.

[22]
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Additionally, as few as three electric motors 340 may be used, in a fashion similar to
that described for adjustment mechanism 300 from FIG. 3.

25 Another embodiment, adjustment mechanism 600, displayed in FIG. 6,
employs a similar concept using two vertical shafts 510 attached at their bottom ends
to stable base 320. However, instead ef balls slidably mounted on vertical shafts 510,
a pair of pivot bearings 610 is employed. First pivot bearing 610 is mounted in a

stationary manner in a retaining plate 605, which is similar to the retaining plates of



Sorne enbodi ments of the invention take the form of nethods of adjusting
the translational position and rotational orientation of an object. For
exanple, as shown s in FIG 15, nethod 1500 is utilized to adjust the

| ocation of an object, such as a PCB under inspection, along a verti cal
axis and the rotational orientation of the object about a first and second
hori zontal axes that are orthogonal to the vertical axis and to each other.
Potential motion of the object is guided ¥b- that the object may pivot about
either of the horizontal axes and trans|ate along the vertical axis, while
any other i dheermbedimentsishewaabove: Ssaend pivotkpagng 6ha s meveigemithizapr event ed

1510) . | h di_st.i . . d
S ong 1he verfereis Aot @ o sl Sy b E3ReRool NPt Sbia i HRREIS™, B3
the obj ect mMyneqdoisiblRexhiphS Gthi PR Mhriidel ighispheticll pRkefdi befidh 2(e SIBUCh

translation allows the o(l:_;; ect to be place in a predeterm ned vertical
| ocati on and mawucturadby dibe dieringternCampany. t Gensinilap stragturgs ghat couldui t t he

Prbod: menf, - 2oSaElyitE st b PG el E SRR dhes TR e VRN Sl
adj ust the | qfat 608 Hat aléwPthl 88ihe MDA r@ght @HdvieiRht @Xfléxurémonkling 630.t he

rotational orientation of the object about the vertical axis and a .
hori zont al aSush aiskidingstage roadbwidlizethollthearingsraridozsetad ioists tpatlewtlpwtfrieiehon

of the object is quid sg that.the.-- -z 2 --- object may pivot about
the horizont é’ilOVgQ%é o_ftgFﬁggc-wg%Me%ng@@??@Sal axis; and translate- along
the vertical axis,A Woré gethil @V EBW oTfleritY nduREhg 20 FodFI@ 6 fsldepRtedtingal, or

rotational novenent (step 1610). The object is also rotated about the
verti cal 1axi 9. (sthkip p.a_mgg.r embgdimentygapy ‘540 a1e cutgrangnudictensd igpjreleining e

transl ated al e yertical axi W th-th wo_ar.eas hesddin n_opposite
sides of the pﬁﬁ@??@%ﬁq ﬁlla{ 3P Plsv t%éafggél)?p’ rfgldifg ‘gﬁl?lgsaaotl? %E(ﬂén I nlﬁg‘r’%cti on
of the rotatisnghtanRftdraipht &f ¢othent AP for@ay s6tatife oDt Akihg patdE0Phbnad in a
predeterm ned vertical location and rotational orientation about the

vertical and hetrentalaxiy trapsuerse o Bigling defingddyyofisshand sesordipiyat heastngs 610+ he

i nvention di L. Qi I ]

mechani sm whi Eﬁ%%x@%ﬁé@uﬁﬁé%ﬁﬁg%z gﬁflﬁg%g}a? agﬁ{li%%ﬁg\?aelﬁlemﬁgﬁ %1?3 [p]‘%si tion an

item undes i MRERIMEUNtAEs hive: feapesd inatkdr agpkdatioaeir the prianaitmage- based

i nspection source, but also effectively allows rotational_ novenent so that
e

more area of an i r&%@ww OgYﬁﬁi%é?‘(‘ffs 1 0e Pivokbsasigs ﬁil%.aﬂfitﬂﬁmeHﬁ@m&B‘g& h of
focus associ ghgd Wille gggeo gdy&fﬁgﬁrhﬁﬁatm&ﬁgmoyﬁ'ag \@e@lg%strbfafe h&iigﬁféﬁ%ﬁ% ic

systens and s nethods e irnventl re al so possi erefore,
t he present itweenthbgenal Borimintdl axée Alsojisiradartto theypresjpas embodincentd disassed

described and_illuystrated; the invention is limted only by, the ¢l ai.ns.
-16 CLAI M5 \WRhPVS, Soppoptatdfnslation, as xellasgatatian oyt %Y%E%’%lﬁélsbﬁtsﬂgtaﬂeg?y
| ocati en,@f ipd-ect--aleng a a-verti-cal- -axi-s-and-the-rotati-onal—--- ——- -

orientation of the obj ect about a first and second horizontal axes, the
first and second Four gleotrigimetress34achudsdito ove réteipmgplatec05Hntogpropsert i cal

2)1;} Z C? ;nd to %%gigog E‘Qr%gépegggn oF: gnhe?rre]zil of the PEY f)eslhgn gr:lalyr'rzee%p SAs]c 2 arsqflfaeie r}rilo rst he
may be used, as discussed for the previous embodiments.
Another embodiment of the invention, in the form of adjustment mechanism
25 800, is shown in FIG. 8 (top view), FIG. 9 (front view), and FIG. 10 (side view). As
stated for earlier embodiments, four vertical shafts 510 are attached at their bottom
ends to a stable base 320. For adjustment mechanism 800, a first coupling plate 820

defines four holes (not explicitly shown) through which vertical shafts 510 protrude



s means for guiding notion of the retaining nmeans, the guiding nmeans
permtting the retaining neans to pivot about the first and second

hori zontal axes, the a guiding neans also permtting the retaining neans to
transl ate along the vertical axis, the guiding neans preventing the

retai ning nmeans from substantial translational i o novenent in the plane
defined by the first and second horizontal axes and substantial rotational
nmovement about the vertical axis; and 12- Heans for translating at |east
three distinct areas of the retaininq means substantially along the
vertical axi 0 thaidirstigonpling plate 338iinbeld substardially i & horizentalsientmtioptvehile ng

ranst ati ng Mate Rl SRRt 0L BB Bl S neRartiithd VO T cal

location and 1 s rmg@bh@eaahplmfi Atk 340 e Mtwﬁmﬁréﬂ@éﬁpﬂﬁl@t;ﬂétgfwﬁ%g vay The
adj usting nechanismof claim1, wherein the retaining neans is a

ret ai ni ng pl &f 8 s¢3ddirstguBot jemts, 831 allowingGpcandsiognking plotest4dito apiateaiiogt a

rinted circuit, boar 3. Jhe | Usting, nechani s of ¢l aim,1, wherein the
gui di ng rréanihezho ]9"? ape dgf}mfag%‘}s#rs% levggloélfctﬁ g?@ ?ﬁaﬁ}dl%‘ﬂfmbg&pﬁ‘ilﬁgepar ate
poi nt's ar oundefbfdetheBbjett K¥ingd iMEpdcaidabilytahe TRAHHvdtISl 830 @y er ut s (310)
ext endi ng outward and downward fromthe -17 4 retaining neans (330), the

struts (310) eaplpiedng the retai ning nmeans (330) with a stable base (320).

4. The adjustin chani sm, qf aim3..wherein the stabl e bas 320) is a
hori zont aJI t rangl g fesHn glﬂlacele §§%§B|a§%?°q wﬁlgfBotttﬁﬁégt?lﬂglgamft@ﬁ?é?ﬁl%ﬁ%c hani sm
hori zont al | 'y eafier, HotdsaPUBt6 BE ir¥pediad| Rahmin%cﬁlademlb,is Y& 1 debshui di ng

means 2 conprises: a first ball (520) slidably nmounted on a first vertical
shaft (510) sowplinedlate 84AdywpRftahpis{seeendpivetdping $Hs wvhidpdpfinetshe fir st

| (S20) g M B FP VABRT A Gp P e o 1o
configuration thus allows retaining plate 810 to rotate about two orthogonal
horizontal axes defined by the plane of first coupling plate 820. As a result, retaining
plate 810 is allowed a similar range of motion as in the previous embodiments, while
15  restricting any substantial horizontal translation or rotation about the vertical axis as a
result of vertical shafts 510.
Also, in similar fashion to the previous embodiments mentioned, at least three
electric motors 340 translate retaining plate 810 into proper position for inspection of
an area of the PCB to be viewed. Four such motors 340 are employed in the
20 ~ "embodimerit describéd by adjustment miechanisir 800 Additionally, asinthe ™ T
previous examples, motors 340 are not rigidly attached to retaining plate 810, as any
rotation of retaining plate 810 causes the point at which motors 340 contact retaining
plate 810 to migrate slightly.
FIG. 11 provides a top view of adjustment mechanism 1100, which is a
25 variation of the embodiment of FIG. 8, 9, and 10, wherein a retaining plate 1110, a_
first coupling plate 1120, and a second couple plate 1140 all lie substantially in the
same plane, by way of centrally-located holes in first and second coupling plates 1120
and 1140, to keep the height required by adjustment mechanism 1100 to a minimum.

First coupling plate 1120 contains holes through which vertical shafts 510 protrude.



s a'single position wwthin the retaining neans (505); and a second ball
(530) slidably nmounted on a second vertical shaft (510) nounted a at the
bottomend to the stable base (320), the second ball (530) coupled with the
retaining nmeans (505) to forma sliding ball j oint wherein the second ball
(530) may 1 o rotate and slide within a linear slot (540) within the
retaining neans (505), the first ball (520) Iying within the |ine defined
by the linear slot (540). 6. The adjustin{2aechanismof claimb5, wherein
the stable base (320) is a 2 horizontal translation table capabl e of

transl ating t%ﬁtiaa:ijshsﬁs St are chamecsah #h theizottoal mds t7 a stehée Bedp (satishgwn),

hani f el f
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d 8 d b 610 lid d d
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way of a flexure nounting (620 e retalning
rotate about H40ado ratamatabbumhmlmataﬂ)enddeﬁlﬂmirb){ﬁrst Ibieotaj)oims dila30 nImctuhy t he

IO REINT T N M N e
O et o A M T 0 £l "‘éféﬁ%}t?ll%?ﬁg? e,
verti cal ishafthes fitsh hOdizoritaji actisy Antininnea ofithréehatedhnt motore (mbttshown)sﬁ)abdne
analogous to those use in the previous embodiments apply force in the vertical
direction on retaining plate 1110 to enable vertical translation and rotation about
either of the orthogonal horizontal axes, while substantially restricting other
translation and rotation, in a fashion similar to the embodiment of FIG. 8, 9, and 10.
15 Another embodiment, in the form of adjustment mechanism 1200, takes a
slightly different approach from that shown in previous embodiments. As depicted in
FIG. 12 (top view), FIG. 13 (front view), and FIG. 14 (side view), adjustment
mechanism 1200 is comprised of, in part, a turntable 1210 selectively driven by a
rotational electric motor 1220.
“20 7 Four vertical shafts 510 are connécted at theit bottom ends toa stablé base ™
320. Vertical shafts 510 also protrude through holes defined by coupling plate 1230,
thus allowing coupling plate 1230 to translate vertically along shafts 510, with all
other translational and rotational movement of coupling plate 1230 substantially
limited with respect to stable base 320.
25 A turntable base 1260 is coupled with coupling plate 1230 by use of a pair of
pivot joints 1250. Again, depending on the particular application for adjustment
mechanism 1200, only one pivot joint 1250 may be sufficient. Pivot joints 1250
allow turntable base 1260 to pivot about the horizontal axis defined by pivot joints

1250. Such pivoting, as well as vertical translation, is accomplished via the action of



4 base (320); a first coupling plate (820) defining a hole for each
vertical shaft (510), the s shafts protruding through the holes so that the
first coupling plate (820) is held in a substantially horizontal fashion
while being allowed to translate vertically; a a second coupling plate
(840); a first pivot joint (830) coupling the first coupling plate (820)
with the second io coupling plate (840), the first pivot joint (830)
permtting the second coupling plate (840)3to rotate only about the first
hori zontal axis; and s2 a second pivot joint (850) coupling the second
coupl i ng pl atetectiBelptors B840,twidch baai assengialiy ressaq@lhpractenstiseasathdseppresdntg¢di nt
(850) permtting the retainjng. S i 810) to rotate only about an axis
or t hogonal tdn&%e%Q‘éme%%%F%angg%‘ﬁﬁ io&aaleﬁgltce{p@tgrsa}@ alrﬁé@%‘&ﬂ?d coupl i ng
pl ate (840). =To NI M ' | 3 ' t abl e
base (320) isahglsg;[ﬂgrl zo?\l@gl;lﬂtqugﬁés} atﬂglg%ﬂ féfgb etw(?;%gl%?ﬂgg@;ﬁkéraéhgﬁ% ing the
adj usti ng meocleatidal trasdati choamidadivoting abella difigle oeizamtplusxtis arg remdiedrifehechic
claim9, wherein the first and second 2 coupling plates ( 1120, 1140)
define ceftrdn?t9r340t ed hol es | arge enough so that the retaining means (

L110) ‘and the 11" oiuand PGAGERR 128 2 RhES Al G20 niddPlaRM o T 4

within a single plane en the retal ni ng neans S orrented
hori zont al | y.turhablel h2] (gt whichragretmixihg plasan] 2340 is baaoked., Indreslesrnativee
transl ati ng neans, a conpr.i ses, at_| east éhree el ﬁctric not or s (?40), attached

to a stable dimers) retajping pisde h2 Ak mev e altacked direqiiyt torretationd)eleghiie oty
o0 19,11 PARMILRG IS BARGgh IR IO UG iRl bt o0
cl ai m 12,1 owherrthogondl @osib@nthlraxes toofacilitat® oftidOin faces foeirvaguta POB surfates, The
2] St NG ToChan S0 053 S 1520 S Ekmlab22b S50 it 00 1340 S5 ™ ©
pivoting of turntable base 1260 about pivot joints 1250 will allow the area of interest
of the PCB under inspection to lie within the depth of focus. Unlike the previous
embodiments, the horizontal translational position of the area of interest may vary
15  substantially from neighboring areas of interest, depending on the shape of the PCB
| surface, requiring the inspection system to closely monitor the rotation of retaining
plate 1240 about the vertical axis.
The freedom of movement required by rotational electric motor 1220 depends
in part on the rotational ability of pivot joints 1250. For example, if pivot joints 1250
20 ‘allowthetilting of turntable base 1260 on either sidé of the horizontal positiom, ~
rotational electric motor 1220 is only required to rotate turntable base 1260 through a
maximum of ninety degrees in order for adjustment mechanism 1200 to handle a
warping of the PCB under inspection in any direction along its surface. Conversely,
if pivot joints 1250 allow tilting only to one side of the horizontal position, rotational
25  electric motor 1220 is required to provide 180 degrees of rotation to compensate for
the more restrictive movement of pivot joints 1250.
Additionally, rotational electric motor 1220 is toroidal in nature. In other

words, rotational electric motor 1220 defines a centrally-located hole (not shown in



15. 'The adjusting nmechanismof claim11, further conprising at |east one a
spring conpressed between a stable base (320) and the guiding neans to
reduce the force required by the translating nmeans to translate the

retai ning nmeans upward along 4 the vertical axis. 16. The adjusting
mechani smof claim1, further conprising at | east one 2 counterwei ght
assenbly applying force upward agai nst the guiding neans to reduce the
force required by the translating neans td4transl ate the retaini ng neans
upward 4 along the vertical axis. 17. A mechanismfor adjusting both the
| ocati on of athe digjiees} whichradjows anirepdded dine-@fisghhovdkritheentot atdaadahe PCB

orientation of the object about the vertical axis and hor i tal axis
that is orthoffoHesn %rbx'fWeSC\Pé"retar”@éﬂt%rél?mPﬁ a‘ﬁﬂ@ﬁ’&mg‘ﬁ? Fﬁﬁ‘?ig g: -20 4

means for retaini ng,hbemBbhiffehis JRAORvERIon Gk&nkT9rrh BEmfilos BF MuithdNhe

about the vertical axis; s neans for guiding the novenent of the rotating
means, the guirahisikationEgrsitiparani rotatigndl odentetia ofan olgects Fooexmanvale, aalsbownt he

hor i t al i th | di sS. 8, al 1 tt] th tati t
trans| at o %al RGeS waThpd 400 ETizeh it e oRAORO! 37 GhlSRE SHER SPCE
rotating meang,qef %gédg@g,t ABh ?Igeﬁfcgﬁﬁéi@ﬁd@m@kotﬂﬁ’&ﬁ%ﬂ&nthﬁbﬁ 8€hd oBject

hori zontal plane an st an I rotational novenent about either the
vertical axi sabont afirstand senohd hgrinaitaltaxebthiabark lethhgonat enthalvertivdl axds tnd &l

axes; and i2 nmeans for translatin t J]east t. distinct . areas of th
fotating mearCRplG PeenGEmetion OLs ebictlis evied 56 el the bt MY BV FHR ¢ e
si des of the Hgk} OME Rbriddltsl ax%bﬁnd f}aﬁéri]é%@ﬁoﬂ% !maYem@mxé@?wm@ &APadke of

translating the rotating nmeans along the vertical axis and pivoting the
rot at i ng rveansibstantid] ttanelational po nitatiorak meyembre inhjerented (aiep e didtdeast s ~ in

ot i zont al " ardresdiatetreas BEihe pBIechHE UatInier ARG AL HANF DY M aPiie Ehiee
uherei n the LAl Wil dRaiedlsS thht thd Giés MY B Brokd ARt HRYOBRBR! Bhes
securely hold a printed circuit board.” 19. "The adjusting nmechanismof claim
17, wherei n t(sepddd). pchesanslation allows the object to be place in a predetermined vertical
location and rotational orientation about the horizontal axes to suit the particular
15  application in which the method in employed.
Another method embodiment, as depicted in the flowchart of FIG. 16, may be
employed to adjust the location of an object along a vertical axis, as well as the
rotational orientation of the object about the vertical axis and a horizontal axis that is
orthogonal to the vertical axis. Potential motion of the object is guided so that the
" 20 object may pivot about the horizontal axis, rofate’about the vertical axis, and translate™ —
along the vertical axis, while preventing any other substantial translational or
rotational movement (step 1610). The object is also rotated about the vertical axis
(step 1620). Also, two distinct areas of the object are translated along the vertical
axis, with the two areas residing on opposite sides of the horizontal axis (step 1630).
25  As aresult, the interaction of the rotating and translating steps cause the object to be
placed in a predetermined vertical location and rotational orientation about the
vertical and horizontal axes.

From the foregoing, the embodiments of the invention discussed above have

been shown to provide an adjustment mechanism which not only allows translational



2 conprises: at least tw vertical shafts (510) rigidly attached at the
bottomend to a stable 4 base (320); a coupling plate (1230) defining a
hol e for each vertical shaft (510), the shafts s (510) protruding through
the holes so that the coupling plate (1230) is held in a substantially

hori zontal fashion while being allowed to translate vertically; a a pivot |
oint ( 1250) coupling the coupling plate ( 123 0) with the rotating neans,
the pivot joint (1250) permtting the rotabi-ng means to pivot about the i o
hori zontal axis. -21 20. The adjusting nechani smof claim19, wherein
the stabl e bawevgBanyo p@s@oraamﬁemzmdcransmcam kigthe propeaficel dlaﬁaabft fowfan

translating the adjustin taI dj usti

rechant sm of DR AReA GFkeRER FOTHG DRORSR PHE RellloRd rotsSpdhodindipo 110)
driven by a r@h@hbRniéa &t ﬁﬁwegﬁlam&fce of @}%219;‘)111 mial) §iervAikiRh HRN@ptiebefolhd C
notor (1220) being supported a turntabl e base (1260). 22. The adjusting
mechani sm of ztsrs@ciimdw,ithvthemspepttohesystmnsln additign,msberspecifionpstérnesndt | east

two electric ors to the sta 3 h each o
the ol ect i ¢ T8 8@%@%@%&%%% o declsq Sooml - ek ﬁ@@%@fﬁ%ﬂr%mﬁau%e 4
vertical axi sigingy t%tbetlnﬁltédat%sthe EpRifel BB 6é d&caBed d Alsird8d;ahé HeABGDS. 23
The adj usting mechani smof claim 22, wherein the electric notors 2 (340)

are servo notlomged @dly byhke eldjmost i ng mechani sm of claim 22, wherein the

el ectric notors 2 (340) are stepper notors. 25. The adjusting mechani sm of
claim17, further conprising at |east one 2 spring conpressed between a
stabl e base (320) and the guiding neans to reduce the force required by the
translating neans to translate the rotating nmeans upward along 4 the
vertical axis. 26. The adjusting nechanismof claim 17, further conprising
at | east one 2 counterwei ght assenbly applying force upward agai nst the
gui di ng neans to reduce the force required by the translating neans to
translate the rotating neans upward 4 al ong the vertical axis.




-22'27. ‘A nmechanismfor adjusting both the |location of a printed circuit
board 2 along a vertical axis and the rotational orientation of the printed
circuit board about a first and second horizontal axes, the first and
second horizontal axes each being 4 orthogonal to the vertical axis and to
each other, the nmechanismconprising: a retaining plate (330, 505, 605,

810, 1110) designed to securely hold the s printed circuit board; a
mechani cal guiding structure, the guiding $tructure pernmtting t he
retaining a plate (330, 505, 605, 810, 1110) to pivot about the first and
second horizontal axes, the guiding structure also permtting the retaining
pl ate (330, SQiAI , 810, 1110) to i o translate along the vertical axis,

t he gui ding structure preventing the retaining plate (330, 505, 605, 810,
1110) from substantial translational novenment in the plane |a defined by
the first and second horizontal axes and substantial rotational novenent
about the vertical YAbatasclaimedis at | east three electric notors (340), with
each applying force to the retaining plate (330, 505, 605, 810, 1110) al ong
the vertical axis to at least three distinct areas, is the three areas

bei ng positioned s¢. t hatA imbehanésnaforiadfnsiihg@beth(tBSIbcathdibof f108bjedt hlonglal 10) may
be rotated about the first and second horizontal axes by the electric

not ors ( 340) , vertigalaxés gnd; the eefatignat orientatin of the gBiegtaboyt & §rstand second

pr edet er m ned L i

hori zont al axlébs’ﬁiq%pﬁi&fﬁ%ﬂ%ﬁ?fspﬁﬁﬁgoﬁ@ﬁ%&%@%?é agﬁr%ﬁa%?%?twﬁgr%ﬁ rtlé pﬁe

nmechani cals guieltiogl axis dielttuleaclcodipr, Iﬂmaec&ianisﬁﬁé‘dmpﬁyi@e struts (310) coupled
at separate points around the perineter of the retaining plate (330); the
struts (310) extenHicARs f?&tf%nﬁlgathlomeebvmward fromthe retaining plate

330), the strut : t abl
E)ase) ( 320)e szgu :sl'h{éféh%j? us ﬁlﬁ%glctgﬁ?g%%gkﬁ%g %k%&?t}&%}@ %E{auegstsagl ee
base (320) i Spé}nﬁttimtgrthezmmﬁingtmam kapivonaticubtie firstaidl secafd hdrmtaahxébgtﬁd"le

adj usting mschanl sm hori zont al lt%/' . i ]
guiding means also permitting the retaining means to translate along the vertical axis,

the guiding means preventing the retaining means from substantial translational

10 movement in the plane defined by the first and second horizontal axes and substantial
rotational movement about the vertical axis; and

12 means for translating at least three distinct areas of the retaining means
substantially along the vertical axis, the three areas being positioned so that the '

14  retaining means may also be rotated about the first and second horizontal axes by the
translating means, the object thus residing in a predetermined vertical location and

16  rotational orientation about the horizontal axes.

2. The adjusting mechanism of claim 1, wherein the retaining means is a
2  retaining plate (330, 505, 605, 810, 1110) designed to securely hold a printed circuit
board.

3. The adjusting mechanism of claim 1, wherein the guiding means
2 comprises at least three struts (310) coupled at separate points around the perimeter of

the retaining means (330), the struts (310) extending outward and downward from the



- 23 30. The adjusting nmechani smof claim27, wherein the nmechani cal
guiding 2 structure conprises: a first ball (520) slidably nounted on a
first vertical shaft (510) nounted at the 4 bottomend to a stable base
(320), the first ball (520) coupled with the retaining plate (505) to form
a fixed-position ball joint wherein the first ball (520) may rotate wthin
s a single position within the retaining plate (505); and a second bal

(530) slidably nmounted on a second verticall ~shaft (510) nounted a at the
bottomend to the stable base (320), the second ball (530) coupled with the
ret ai ni ng %l afeiaiping geans, (339),hesteyts (7109 couplingjthe rﬁtalmrrems@rﬂ%s%%hd bal |

(530) may i o slide within a linear slot (540) wthin the
retai ning pl a%téﬁ%%%(?aﬁie first ball (520) lying within the |Iine defined
by the linear slot (540). 31. The adjusting nmechani sm of claim 30, wherein
the stable base (320) is a a horizontal translation table capabl e of

transl ating the adfusti hBe adiusing meshasismAfplaim 3, whppeinthestablp base (3g0) is a
hds f . i o NG
Conpr i see? n Horblofaf fandifthteble AR HIECHAMH:Slina I Al BLIRLHI C o i o

shaft (510) 4hdriventatig. at the bottomend to a stable base (320), the first

pi vot bearing (610) coupled with the retaining plate (605) in a stationary
manner that permts the retaining plate s (605) to pivot about the two

mount 8d on a secortt ver HEayReTpedEih & iy DI ACHINR IR, o (e

stabl e bage (ébMbrises:he second pivot bearing (610) coupled with the
retaining plate (605 a flexure nounting (620) to permt i o the

retaining plate ( 6%)5%“ %ll \f%églgda&bbwuateﬁ@maz%ﬁt vartigal isbafbéfrlﬁg mauatadaat the
the axis deligaghnb¥nd 3% didie bad 8262 R MBI 26 AU D AV retaining theans
(505) to form a fixed-position ball joint wherein the first ball (520) may rotate within
6 asingle position within the retaining means (505); and
a second ball (530) slidably mounted on a second vertical shaft (510) mounted
8  at the bottom end to the stable base (320), the second ball (530) coupled with the
retaining means (505) to form a sliding ball joint wherein the second ball (530) may
10 rotate and slide within a linear slot (540) within the retaining means (505), the first
ball (520) lying within the line defined by the linear slot (540).

6. The adjusting mechanism of claim 5, wherein the stable base (320) is a
2 horizontal translation table capable of translating the adjusting mechanism

horizontally.

7. The adjusting mechanism of claim 1, wherein the guiding means
2  comprises:
a first pivot bearing (610) slidably mounted on a first vertical shaft (510)
4 mounted at the bottom end to a stable base (320), the first pivot bearing (610) coupled
with the retaining means (605) in a stationary manner that permits the retaining means

6  (605) to pivot about the two orthogonal horizontal axes; and



33. The adjusting nechani smof claim 32, wherein the stable base (320) is 2
a horizontal translation table capable of translating the adjusting

mechani sm hori zontal ly. 34. The adjusting nechani smof claim27, wherein

t he nechanical guiding 2 structure conprises: at |least two vertical shafts
(510) rigidly attached at the bottomend to a stable 4 base (320); a first
coupling plate (820) defining a hole for each vertical shaft (510), the s
shafts (510) protruding through the holes180 that the first coupling plate
(820) is held in a substantially horizontal fashion while being allowed to
transl ate verti cal # §ecosd pivogbeartngd§Lp) slisigbly meuntedamy secpngdiverticapshagt (5163 nt

(830) couplin fi i I i I ling
blace (840). Pauipy ph®pofBHasaRuR Gl b thodk 1 PRI Al B (01,
plate (840) teouplddavith telritaitinginehie(605) by wapor 2 fiskere niotinging 1620)it8 parrhigcond
pi vot joint (850) coupling the second coupling plate (840) with the

ret ai ni ng-ol athe r¢taining means (86)gadotstaabout dhenizongd exispsmendiculag te the axis
retaining pla ) t axi s orthogonal to the
first hori zon%eznggigéh%ﬁ# %%Jr gficﬁ{é?p%t ?%ag&gg&%ﬁﬁ coupling plate (840). 35.
The adj usting nmechani sm of claim 34, wherein the stable base (320) is 2 a
hori zontal translation table capable of translating the adjusting nechani sm

hogI i zontal ly. 36. I3‘-he anmgﬁuﬁ@mmniSWMai? ‘hivwhezen tbvlnfléiﬂér ﬂ?aQG('@gQ)hiS?Bt
) 5 j ¢
o g enodgn KaHBpal el diiabicthedc ot Ea iR e i prdepRER  Cecong

coupling pl atigsizoathl9, 1140) all lie 4 within a single plane when the
retaining plate ( 1110) is oriented horizontally. - 25 37. The adjusting
mechani sm of claim 27, wherein the electric notors

9. The adjusting mechanism of claim 1, wherein the guiding means
2  comprises:
at least two vertical shafts (510) rigidly attached at the bottom end to a stable
4  base (320);
a first coupling plate (820) defining a hole for each vertical shaft (510), the
6  shafts protruding through the holes so that the first coupling plate (820) is held in a
substantially horizontal fashion while being allowed to translate vertically;
8 ' a second coupling plate (840);
a first pivot joint (830) coupling the first coupling plate (820) with the second
10  coupling plate (840), the first pivot joint (830) permitting the second coupling plate
(840) to rotate only about the first horizontal axis; and
12 a second pivot joint (850) coupling the second coupling plate (840) with the
retaining means (810), the second pivot joint (850) permitting the retaining means
14 (810) to rotate only about an axis orthogonal to the first horizontal axis and parallel to

the second coupling plate (840).

10.  The adjusting mechanism of claim 9, wherein the stable base (320) is a
2  horizontal translation table capable of translating the adjusting mechanism

horizontally.



2 (340) are servo notors. 38. The adjusting nmechani smof claim 27, wherein
the electric notors 2 (340) are stepper notors. 39. The adjusting nechani sm
of claim 27, further conprising at |east one a spring conpressed between a
stabl e base (320) and the nechani cal guiding structure to reduce the force
required by the electric notors (340) to translate the retaining 4 plate
(330, 505, 605, 810, 1110) upward along the vertical axis. 40. The

adj usting nechani smof claim27, further d&mrising at | east one 2
counterwei ght assenbly applying force upward agai nst the mechani cal guiding
structure to reducdlthe ﬁé@dﬂlsgéﬁ]meﬁwlmofﬂ@%%‘&bﬁﬁ@ the fisytand seqangdns| at e

i s, a1, o RHREIHELPa b0 b SRR e pled BB BB ke T2

a circuit boa&aain_ﬁ@fﬁémgpm:O)tah@t@oﬁﬁ@éna@aboﬂmﬁh@nn%maws (¢120,m120) all fie
adj ust ment mechani sm holding the 4 printed circuit board; a horizontal
transl ati oh t apthin asingleidenewherrbe setpinmemenns (bElPa s engntal berizangdhi t hni ¢
controller that controls the novenent of the adjustnment nechani sm and the
horizontal translation table; a an x-ray source | ocated near one side of

the printed circuitj2boarmhe adjigtifgimechizaysntlef €6ine1, whéieinthé fagsatng Gehds board
| ocat ed between the x-ray source i o and the x-rgi detector, the adjustnent

nmechani sm 2and comprisasiat espk threetelestiq metosh(348battached 1o 3 SAbladash@28).iwith i ng

the printed cifguit.b X f 1 i ircuit i2 board
bei ng i nspect 38&1 éftetge g@%@’t"ﬁ?&éﬁ%@%@ h’?‘?g f&ﬁ%e tgg%?#t%*‘&géﬁ%%ﬁ%k% tﬁ%cal
plane  -26 | qedicarhxieionbent laay tited dnenctbyeat b tHeaealdifgnebnd he x-ray source
and the x-ray 14 detector. 42. A mechanismfor adjusting both the |ocation

of a printed circuit board
13.  The adjusting mechanism of claim 12, wherein the electric motors

2 (340) are servo motors.

14.  The adjusting mechanism of claim 12, wherein the electric motors

2 (340) are stepper motors.

15.  The adjusting mechanism of claim 1, further comprising at least one
2  spring compressed between a stable base (320) and the guiding means to reduce the
force required by the translating means to translate the retaining means upward along

4 the vertical axis.

16.  The adjusting mechanism of claim 1, further comprising at least one
2  counterweight assembly applying force upward against the guiding means to reduce
the force required by the translating means to translate the retaining means upward

4 along the vertical axis.

17. A mechanism for adjusting both the location of an object along a
2  vertical axis and the rotational orientation of the object about the vertical axis and a

horizontal axis that is orthogonal to the vertical axis, the mechanism comprising:



2 allong a vertical axis and the rotational orientation of the printed
circuit board about the vertical axis and a horizontal axis that is
orthogonal to the vertical axis, the 4 mechani smconprising: a retaining
plate ( 1240) designed to securely hold the printed circuit board; s a
turntable ( 1210) driven by a rotational electric notor ( 1220), the
rotational electric notor (1220) being supported by a turntabl e base
(1260); a a nechanical guiding structure tat gui des the novenent of the
turnt abl e base ( 126%%, t he .gui %ng Structure permtting the turntable base
( 1260) td pivot aB6#ts PREFRINNEHE PYSHE al axis, the guiding structure al so
permtting the turplahl g hasnd thd 26@hidLmbiRkboAE Be SbARE Hig vertical axis,
t he guiding structure preventihg the turntable base i2 (1260) from
substanti a trans!| akamniar gnidirgthamdvemehtofithe radtatmginemisathe gnding mizenant i al

rotati onal npbvement out either the vertical axis or an axi s, orthogonal to
ot b et 4 TR Gine dpe EiAlMEUPEAns & PRLAbouE the BHZRRAL FOyiBe BHAEE Mestin: or &

(340), with e 3 ' | Jald RgTe b ot he
{urnt abl e acdoq PETHHE it KabHEmERIs b TahcldiliinenE el ithl s Bl 1
areas of the mesnsimbventingsiee fotdtidgaheans fiwn substantialstramsktidhalgnovencg asthee
sides of i a the horizontal axis,. {he el elctric not ors ( 40§Pbei ncg capabl e
of trans|¥i nerizestal plane 3pd su éﬁé’é‘aﬁmﬁw TO¥TTHCR Re0 rthe vertical aypy or

pi voting the : .Lgontal axis, the
printed ci rcu%#é’g%%g%c%ggﬁrggyﬂﬁ%@ﬁﬂgf?ore éﬁ%@rﬁ?%gﬁgerti cal location
and rot atizonal or i seam footrandiatintg dtheashtwo distmailareas df therrptatiap nacaas aloag théThe

adj usting nechani sm of claim42, erein the nechanical gquiding 2. structure
Cohr 1 Soa: ot VTS (e e B R A oS HHRE 08 OPBATY 4% RS B PREIRL XIS 1
bottom e t I : ' ; | o’l,?gS&] LNi Ng a
hol e for qgacﬁtr%lgﬁt@?éﬁ ea?ﬁgg 1tn§%3 1(%3 ?ft{r%gsmglﬁgg !{ie’gfd;il%h 10)é’atrf§ra(§)t r udié r‘{gﬁ{chpough

t he hol es so 4dimand piwotingitheirogtipg ateang 4IRS0 the worizeht] axis,ahe oyscthus msiding

hori zontal fashion while bei | lowed to translate vertically:
16 6L1n a predeterrmnec? vertidal Tocation anEl Potational ofientation about the horizontal and

vertical axes.

18.  The adjusting mechanism of claim 17, wherein the retaining means is a

2  retaining plate (1240) designed to securely hold a printed circuit board.

19.  The adjusting mechanism of claim 17, wherein the guiding means
2  comprises:
at least two vertical shafts (510) rigidly attached at the bottom end to a stable
4 base (320),
a coupling plate (1230) defining a hole for each vertical shaft (510), the shafis
6  (510) protruding through the holes so that the coupling plate (1230) is held in a
substantially horizontal fashion while being allowed to translate vertically;
8 a pivot joint (1250) coupling the coupling plate (1230) with the rotating
means, the pivot joint (1250) permitting the rotating means to pivot about the

10  horizontal axis.



s a'pivot joint (12S0) coupling the coupling plate (1230) with the
turntabl e base ( 1260), the pivot j oint ( 12S0) permtting the turntable
base ( 1260) to pivot about the io horizontal axis. 44. The adjusting
mechani sm of claim 43, wherein the stable base (320) is 2 a horizontal
transl ation table capable of translating the adjusting mechani sm

hori zontal ly. 4S. The adjusting nmechani sm of claim42, wherein the electric
notors 2 (340) are servo notors. 46. The az)‘j'ljsti ng mechani sm of claim42,

wherein the electric notors 2 g340) are stgpper notors, 47. The adjusting
mechani sm of cl ai m282, flheradisting pisehanisig o ?lalnéég,twbﬁ"?éméh%éﬁab}?d)aé@)ﬁ%%is%ed

between a st ably to reduce
the force ?qul S’gg@%glé%g&)et @%r% El&r?o ors bgl%?gtﬂ aH§ Eljféghgtﬁﬁgmturnt abl e
base 4 ( 1260hotipsmslly.al ong the vertical axis. 48. The adj usting nmechani sm
of claim42, further conprising at |east one 2 counterweight assenbly

appl ying force upward agai nst the nechanical guiding structure to reduce
the force required,hy t 4 3 .
turnt abl e base ( 1%20) [}g‘\%gal#iﬁ& B{X%ﬁlemt%%%rn?/g?ﬁ caﬂ{i’kl}é%ﬂjbehﬁ%ﬁ@-elp%ns 58

| ami nogr aphy itumtabtet(laM)&umeﬁrbyfaabtdtmﬁademdtmgmtq@r(imoaplma rotationdl teldeeréy d,
conpri si ng: e adj ustnent pechani sm of claim42, the adjustnent
mechani sm hol Hi%‘@f (II%O)Lbemg srrerted byg furntgblehase 268)i zont al transl ati on
table attached to the adjustnment nmechanism s an algorithm c controller
that controls the novenent of the adjustnent mechani smand the horizontal
transl ation table; 29. an Mradmsﬂmglm&ldmmmbﬁdamaV wineeinithe trafislathey |earst ed
circuit board; and an x-ray detector, the [))rl nted circuit board | ocated

bet ween t he xm&yngmt &f@stltwe groFie motars (340 agached i therstableybgsg 48 2nwith
mechant sm and o JeoiRE bie0iRfodhotbls338)HobRiind APLLIORAS bl Aailodl 81" | N

the printed CIrCUIt SO t e prln clrcul a board
bei ng i nspect eehﬁlcal%usmtﬂtmmalt\lwdmtlnd:Uaneetthltheqotdnmtgfméamsus of a focal
pl ane | ocated between and defined by the |ocation of the x-ray source and

the x-ray i 4 detector.
23.  The adjusting mechanism of claim 22, wherein the electric motors

2 (340) are servo motors.

24. The adjusting mechanism of claim 22, wherein the electric motors

2 (340) are stepper motors.

25.  The adjusting mechanism of claim 17, further comprising at least one
2  spring compressed between a stable base (320) and the guiding means to reduce the
force required by the translating means to translate the rotating means upward along

4 the vertical axis.

26.  The adjusting mechanism of claim 17, further comprising at least one
2 counterweight assembly applying force upward against the guiding means to reduce
the force required by the translating means to translate the rotating means upward

4 along the vertical axis.



50. ‘A nethod for adjusting both the |ocation of an object along a verti cal
2 axis and the rotational orientation of the object about a first and
second horizontal axes, the first and second horizontal axes each being
orthogonal to the vertical axis 4 and to each other, the nethod conprising
the steps of guiding (1510) the notion of the object by permtting the
object to pivot about s the first and second horizontal axes and to

transl ate along the vertical axis, while p¥eventing the object from
substantial horizontal trans|ational novenent and a substantial rotational
noverment about t he2Ver t iAcalechauism forrmdiusting bothithelpcetigpofa printed gireuit hoard

di stinct areas, of the.object bstanti gl | ) .0na-L,..Q the, vertical s, the
Chree ar eds. bEoRE 3G Brs and frexh@Rbpfl ortn Bl 8l brind§ (i iR BB Bu
the first andfissaRdeeddat hdfipéh] 2x%€ he fifst hiPéecbh@hoRtonefllaxeL&dclideidgh @ 1S
predeterm ned vertical |ocation and rotational orientation about the

hori zont al4 axeghognal & the verigal axis and tosa¢hethen the mechantsomedmprisifig:an obj ect

I tical ' ad th ' ' ' f _the qgbj bout
the Vertical axis ARAAMHRPRGARTGD 05 PE. BR0: 10T beiehelon arirdy it GBr 1| cal
axis, the gret hagkeq @iphit bid; t he steps of: -29 4 guiding ( 1610) the

notion of the obj ect by permitting the obj ect to pivot about the
hori zontal axis, temeshaniealguiding stecturer the guidingstoncturn germittiingibs iretaining ong

the vertical s, axi I | % hng th bj, .ect. from substanti gl
transtati dhal BiBiaaR.30% B RIS B (R ey b BE et eETRGART P oRbLpresnal
novement aboutheddiding Str@dthRQIR Wmiténp e retidife phaed (3301569, 66581061 11®ab
axes; rotating (1620) the object about the vertical axis; and i o

transl ati¥y (trasdop along|tbewerticalaxis tieiguiding plesaturgipreveating theaetaining plpte he
vertical axis h L din n oshte sides of the hqgrizontal
i s, so that GoRest BETEE R4 Qe PhuaiheBPREMA-EpR! lliriene i Bt 1
reside i ma paeRRIdYYEhS Silst\ead bédont hofig@ithlaixea Btk sudsfhtisinalatiohhlanéd vdrhé
about the vertical and horizontal axes. .A9Y
about the vertical axis; and
14 at least three electric motors (340), with each applying force to the retaining
plate (330, 505, 605, 810, 1110) along the vertical axis to at least three distinct areas,
16 the three areas being positioned so that the retaining plate (330, 505, 605, 810, 1110)
may be rotated about the first and second horizontal axes by the electric motors (340),
18 the printed circuit board thus residing in a predetermined vertical location and

rotational orientation about the horizontal axes.

28.  The adjusting mechanism of claim 27, wherein the mechanical guiding
2  structure comprises at least three struts (310) coupled at separate points around the
perimeter of the retaining plate (330), the struts (310) extending outward and
4  downward from the retaining plate (330), the struts (310) coupling the retaining plate
(330) with a stable base (320).

29.  The adjusting mechanism of claim 28, wherein the stable base (320) is
2  ahorizontal translation table capable of translating the adjusting mechanism

horizontally.
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with the retaining plate (605) in a stationary manner that permits the retaining plate
6  (605) to pivot about the two orthogonal horizontal axes; and
a second pivot bearing (610) slidably mounted on a second vertical shaft (510)
8  mounted at the bottom end to the stable base (320), the second pivot bearing (610)
coupled with the retaining plate (605) by way of a flexure mounting (620) to permit
10 the retaining plate (605) to rotate about a horizontal axis perpendicular to the axis

defined by the first and second pivot bearings (610).
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a first coupling plate (820) defining a hole for each vertical shaft (510), the
6 shafts (510) protruding through the holes so that the first coupling plate (820) is held
in a substantially horizontal fashion while being allowed to translate vertically;
8 a second coupling plate (840);
a first pivot joint (830) coupling the first coupling plate (820) with the second
10  coupling plate (840), the first pivot joint (830) permitting the second coupling plate
(840) to rotate only about the first horizontal axis; and
12 a second pivot joint (850) coupling the second coupling plate (840) with the
retaining plate (810), the second pivot joint (850) permitting the retaining plate (810)

14  torotate only about an axis orthogonal to the first horizontal axis and parallel to the

second coupling plate (840).

35.  The adjusting mechanism of claim 34, wherein the stable base (320) is
2  ahorizontal translation table capable of translating the adjusting mechanism

horizontally.

36.  The adjusting mechanism of claim 34, wherein the first and second
2 coupling plates (1120, 1140) define centrally-located holes large enough so that the
retaining plate (1110) and the first and second coupling plates (1120, 1140) all lie

4  within a single plane when the retaining plate (1110) is oriented horizontally.



f4109%& ()-10%& ()-.0] 000V11dEbCIL! NI & @ 10%& () -,

109%2& ()-F+109%2& ()-)10%& ()-' $10%& ()- s!

109%& ()-11322223334353dYNCIL! NI 10z 10z 10z6- 10%& ()-5210%& ()-s3S
109%8& ()-1y10% & () - &0- 10% & () - 5363 _446X67} *<YNCt L! NI f * FOL0%& ()-s@10%& (
)-1 Ss@109% ()-!100& ()-!!10%&' ()-10%& ()-78909::::zXI<CtL!N 10
101\ )" 109%& ()-s'a )" 10%& ()-s FOA0%& ()-!D FYA0%\& ()-!a FOL0Wy& ()-;

- <K<=$>t >>uV7Ct L! F10%&' () - 109& () - 10%& ()~25 -10%& () - 109& () - S10%& () -

10>?] @AFAAJETCL L! F$ 100& () - S#10%&' ()-! 109& ()-s , _

1 109&' ()-! 10%& () - St 10%%ke @diusippumechmasy of ¢latn 2poghqryintheglgciric-motgrs

109&' ()-)f. 109 &) -1

(:*109& ()% & fﬁ%?a{e){eﬂﬂﬂﬁﬂfﬁa Fb@L!!! 109 ()-!109% ()-109% ()- 10 10
106S10%&' () - @f 10%& ()-! FG | KKKzX7b@ L!

p) - #109&& () -! S(*10%e& ()-! GLOYE' ()-! Nf #10%& () - g! af #109%& () - g! f %6 #10%& ()
- gKLHNI NINKNPNNOr S4811 1 0% @djusting pglanism ofolpign é%wlmelmhe electric motors

10! K) - #1098 ( }54 K )= #109& () - QO
PPPQQUBr S4 L!(.h\‘fsdj??i‘b%&’pﬁ g‘)fé‘%')&' ()-f10% & ()- 10% & ()-

10% & ()-sZ"10% & () - QRARRSSSSAEr S4t L! ! #

10% & ()-s!'10% & ()-" @0% & ()-&10% & ()-10%%)]-10% & () - SS[ TT>UUUdEr S4t L
11,10% & ()-3+ 1098& () -Theedustiyg meghangsyg of ¢lp ,forther qopgising at least one
10% & () - UVmWW WAMVWOVWAYNCL LT T 10 1 % & ()- 13- o

Toos & () - T3 0odRting Conprenap geineen hatabfigbest it th thelbeordniont pvidine stptre )
1 109HHE () - td redudUVEMRE réquirel bl tAOSIEEEC (motdr (B40)A8MbMYIRle (the RAANINE () - YZ[
IN]]NMAWUSYNCE T NO +" 109658&' () - ! a9 , _

+'10%4 H & () plags B39 305, £08,)818; BiHY)upward glomg the Menjepkaxiy.- SI 3* 1094 { & () - B
"CDEK aCc_=t! N @\f #10%& ()-!\f#10%& ()-910% & ()- 10/ 10/

10/ 11 10% & ()-9

+" 109&’ () - CccdNf f g@bz X9 The latifastid® e Shanisnh 889140 fithérlodhiRin(p) at 16468309 ()
- 198109 () - f#10% & () - (hui Vi Wi X }ifij kbCt | NGLOY&' () - MLOY& ()-'.! 10%& ()-91
0% ()- 102 1eounterweightassembly applking fohse ppwatdagringhihe mechanical guiding

109 ()1 100 ) AT s T DRSO o b
109 () - $10%&plate @O, 6D5, K10YE1 10) upandlodg tedeficanGs.! NL10%0& ()- 10 10
10, 510%' () - 3410%& () - 110%&' () - SLOY" 10%& () - Or r s* uuvwz X7nbQt !

8109 () - ! &10Y00% () - @10%: () -1 a@10%ChO&: () - | 6@10%00% () - ! a@10%1* h* & (
) -woxx zz{{{zXJ<Ct Y1 10 ray laminography inspection system for inspecting a printed

2 circuit board, comprising:
the adjustment mechanism of claim 27, the adjustment mechanism holding the
4  printed circuit board;
a horizontal translation table attached to the adjustment mechanism;
6 an algorithmic controller that controls the movement of the adjustment
mechanism and the horizontal translation table;
8 an x-ray source located near one side of the printed circuit board; and
an x-ray detector, the printed circuit board located between the x-ray source
10  and the x-ray detector, the adjustment mechanism and the horizontal translation table
positioning and orienting the printed circuit board so that an area of the printed circuit

12 board being inspected lies substantially within the depth of focus of a focal plane
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4  mechanism comprising:
a retaining plate (1240) designed to securely hold the printed circuit board;
6 a turntable (1210) driven by a rotational electric motor (1220), the rotational
electric motor (1220) being supported by a turntable base (1260);
8 a mechanical guiding structure that guides the movement of the turntable base
(1260), the guiding structure permitting the turntable base (1260) to pivot about the
10 horizontal axis, the guiding structure also permitting the turntable base (1260) to
translate along the vertical axis, the guiding structure preventing the turntable base
12 (1260) from substantial translational movement in the horizontal plane and substantial
rotational movement about either the vertical axis or an axis orthogonal to both the
14  horizontal and vertical axes; and
at least two electric motors (340), with each of the electric motors (340)
16  applying force to the turntable base (1260) along the vertical axis in at least two
distinct areas of the turntable base (1260), the two areas residing on opposite sides of
18 the horizontal axis, the electric motors (340) being capable of translating the turntable
base (1260) along the vertical axis and pivoting the turntable base (1260) about the

20 horizontal axis, the printed circuit board thus residing in a predetermined vertical

location and rotational orientation about the horizontal and vertical axes.

43.  The adjusting mechanism of claim 42, wherein the mechanical guiding
2  structure comprises:

at least two vertical shafts (510) rigidly attached at the bottom end to a stable
4  Dbase (320);
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2 ahorizontal translation table capable of translating the adjusting mechanism

horizontally.

45.  The adjusting mechanism of claim 42, wherein the electric motors

2 (340) are servo motors.

46.  The adjusting mechanism of claim 42, wherein the electric motors

2 (340) are stepper motors.

47.  The adjusting mechanism of claim 42, further comprising at least one
2  spring compressed between a stable base (320) and the mechanical guiding structure
to reduce the force required by the electric motors (340) to translate the turntable base

4  (1260) upward along the vertical axis.

48.  The adjusting mechanism of claim 42, further comprising at least one
2 counterweight assembly applying force upward against the mechanical guiding
structure to reduce the force required by the electric motors (340) to translate the

4  turntable base (1260) upward along the vertical axis.

49.  Anx-ray laminography inspection system for inspecting a printed

2 circuit board, comprising:
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f10% u& ()e Fsz10% a&a(g))nthmw controller that controls the movement of the adjustment
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10% u& () - an x-ray detector, the prlnted circuit board located between the x-ray source
10 and the x-ray detector, the adjustment mechanism and the horizontal translation table
positioning and orienting the printed circuit board so that an area of the printed circuit
12  board being inspected lies substantially within the depth of focus of a focal plane
located between and defined by the location of the x-ray source and the x-ray

14  detector.

50. A method for adjusting both the location of an object along a vertical
2  axis and the rotational orientation of the object about a first and second horizontal
axes, the first and second horizontal axes each being orthogonal to the vertical axis
4  and to each other, the method comprising the steps of:
guiding (1510) the motion of the object by permitting the object to pivot about
6 the first and second horizontal axes and to translate along the vertical axis, while
preventing the object from substantial horizontal translational movement and
8  substantial rotational movement about the vertical axis; and
translating (1520) at least three distinct areas of the object substantially along
10 the vertical axis, the three areas being positioned so that the object may also be
rotated about the first and second horizontal axes, so that the object resides in a

12  predetermined vertical location and rotational orientation about the horizontal axes.

51. A method for adjusting both the location of an object along a vertical
2  axis and the rotational orientation of the object about the vertical axis and a horizontal

axis that is orthogonal to the vertical axis, the method comprising the steps of:
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