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a continuation-in- ndi ng application serial No. 09l 248,783 filed
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February 12, 1999 for *IByftanmi ¢ Structural Coupling Mechani sm foaé??ﬁ#/gﬁ&g
Optical Degradatiop.in \ﬁ@r ating Envirodnents. BACKGROUND OF T ON

10 This inventionﬂwmﬂﬂﬂ'ﬂ mﬂ‘mmal ly to the use of optics for testing

sem conductors an circuits for defects, and nore particularly
the preferred enbodi meateopf this invention relates to use of a video

m croscope assenbly for em ssion m croscopy conprised of an objective |ens,
optic tube, video inmaging system (CCD or simlar imgery and a m croscope
movenment on aDiYBWAiM%@ d» FRAGCTTER AL rCQWPTIN GHYEE CH AINIEMAAORat i ¢
Test and Eval uation) test head. Light em ssion mcroscopy is used to detect
defects in int eREBPECEN(ZORFICade DEGRADATIQNEN, VIBRATIGG374,
4,811,090 and 5,475,316 for exanple. Briefly an em ssion m croscope
operat®s on the principle of deﬁﬁMBﬁO@l Bohbdi nant radiation. In an
excess current drawing condition electron hole and pairs reconbi ne and

rel ax giving 20 of f Thelagpiidatibmis scunsiniation-iskparhof copdndirgeippticatonseriay
specializ S ors. The procedure is performed on wafers and on
decapsul a%d%gﬁgmﬂl%%agggﬁ?ﬁ yearnic RIBE sl GRipling,Meshanismifesri ng
the die t j, Ll he. f | t hrough t he backsi de of
the sili cg{%ah%gQ?r%%&?ﬂ%ﬁ%%%ﬁPnﬁ%%@é%Wﬁ "ailure localization. The
test can be 25 run as si NBXCHKSROUNDIORITE WY ENTI@Nound to the chip to

eval uat e standby | eakage. The preferred_ enbodi nent of this invention

parti Ul arly rel at e HomyeRtiongelatss senaralietorthp s of ppticseien testinBans of t est
vectors t Q..Axene! . chi i e oyl e ' . But
any vi br atg I ng gg\%??%tﬁﬂng ﬁ%@#g&%lfg&% g[t%fon.a?}tﬂ @%%%Cag%ggﬁ?%&%@%e%ﬁ

dynam cal embsdimién of thissinvereioh oelstes oo dderdfragvides mitrescgleastembligtfor smissione ATE
head, | . .30 Inherent to thi,s operation is the use of

the chip will not faj
ATE t est FPé%‘Eﬁ’é,WRMﬁ%}Pf\i)FFL?IfI I AbRcHYC laos. s wheyider MR3ENg sy e 4L ehd run

often on gai: 9, : 1SS : 002 2
m cr oscopéﬁ&gﬁﬁgmt(a éﬁ%ﬁ%ﬁﬁéﬁgﬁéﬁ ﬁn%g%%gxﬁsd{?%@gﬁtg% %E%% %t?gg:&cgg %&ggk?’gngl ng
obj ect§ ve(ATRs Astarhaisd esantdByahiaiipn ) testdebd.ect |1ight and pass it on the CCD
detector. The vibrati.on i nherent on test hgada linjts significant] g the
overal | magnificati CRISSIRITICTRsGePY 1§ USEYE 1 detectRnferds Iy Biegrated circuits.

See U.S. Patents 4,680,635, 4,755,874, 4,811,090 and 5,475,316 for example. Briefly an

emission microscope operates on the principle of detection of recombinant radiation. In

C ~ DYNAM C STRUCTURAL COUPLI NG MECHANI SM FOR
i " WLN VI BRATI NG 5 ENVI RONMENT The application is

an excess current drawing condition electron hole and pairs recombine and relax giving
20  off cold photon emissions which can be detected using specialized CCD based sensors.
The procedure is performed on wafers and on decapsulated (mold compound removed) or
de-lidded ceramic packages viewing the die traditionally from the frontside but also
through the backside of the silicon.
The procedures primary function is failure localization. The test can be
25 run as simply as providing power and ground to the chip to evaluate standby leakage.
The preferred embodiment of this invention particularly relates to the use of ATE test
heads to send streams of test vectors to exercise the chip and bring it into a failing logic
state. But any vibrating environment could apply. Without the capability of dynamically
sending test vectors to “bring on” the defect state via the ATE head, the chip will not fail.
30 Inherent to this operation is the use of ATE test heads, which when running are cooled

with fans or liquids and run often on raised computer floors. In the use of an emission



5 A portable enm ssion mcroscope was described in U S. Patent a475,316 for
exanpl e which is used by conjunction with ATE test heads but separate from
t he ATE head when operating through the use of an offset. Werng t be

provided to for danping or coupling vibrations to elimnate di slt on due
to relative notion between the m croscopéz and the test head. 10 U S. Patent

166, 409 gl e 06 158 ke RSN M RIS A

front of ens ‘and coup he~ Vi into
the cyl i ndetsebylose e @hipsiorgolllectdiight iafd phdrdf 60 el @UDMUeRG 0t Hhakitpatidaet ween
is

m croscope and test head. Shown in Figure 1, the microscope 30l

t hr eadabl ynkaserp|csdesthicadgyhmits siznificrpily the oyaralhmegnifivatiothactievabletdue o

t hr eadabl y ?n%a esasda .second cylinder 403 which 1 S contacts test head
surface 408"f '%fg’é 8HP% at t achment t hrough sinple friction. Copending
appl i cgtion serial ngpoddbRARTdan nikidkdopelastes iR 1O PYUBLS ARLIES
(optical tube and or objective |enses) in use on vibrating t est” heads
t her eby elfoméxaatpleyhich stused byroomjunctinet witk A THiest aadsbttseplratenfedm efd ATE of

[imnati i | di.starti inth i [ .. Th
o[t Tog ppgiesl Gsloct, ool e Coer qencer Lomge alane The
access t0 dhfpideel Quphhg Q'iﬂf?atti(?]}% thiefhfngt des't@rWo{'?EHé Y@re@ﬂfv'e‘}nétﬁdrgtbetweigardﬁer

m croprobing“or” exchange of the devices fromwthin test soc S.
t o any oneniskistépedanidrthe hest head.of seni conductor anal ysis, access to the

i vibual i nes. | URSr FISY SrThana CHRUSES HHedes oF BRr SRE WIRGEREGS s
achi evabl QelEWoﬁH&bﬁBﬂ@ofetBE’ ngﬁﬁibg&g?fa{x%g&pﬁé ﬁ'feqfriﬁxsaﬁo%%fﬁ@% e inff tnk Di S

invention and I's an 1 nprove Ior ar he present 1 nvention
i s an i npreylinderdrylboeinsedtsiropletflietiomtherdbiyarndwbisg vibhe thni betwegramitiasgope and

| icati j .. 09/ 248, 783. .SUMVAR - THE | NVENTI ON Bri ef | [
ZEEOL S_gn'cggsxﬁ?{d- ﬁ@% igureoh s ewgmeggﬁ_%&a%ﬁdégg&eppsﬁéﬁgoh odlige |
obj ecti ve 4ognsesliNas UoB WIMEH 1 fird frge BB K/ ages%]%e%%dT 4 HdeF 363 eoml,g ;5 mm

of the device under test (DUT) sem conduct Or I's on top o
vi br alb ng cAiEctsdsdt hhahslyrfacei4d8an poesket attachmentwabegh simple fiictionn a chuck in

f t dock to ,the ATE head., e vibrati i t
opater sorter dockedloa e, ATERod| 8 T A wibralon L prssent
2002 3 theg Ei@§$}ogﬁ%ﬂ%bé 264 br o} B RDERGS) Mausaled vﬁﬁl%ﬁﬁghn@ﬂesﬁt]g&@s th@reﬂ%' 5 h

they axe attached are coupled™to a notorized drive to allow for X an
posi ti oni regramating ralative conttomdietweerf e gwo Wiith the asteffitst of eimnsting pptécal 0 as

th ' \ Th t it f i i gidly.attached t lid
rochant smATROPgh 15 CRpHOrPEEAet Alene: Toaa S eobi et SRR SmP AR cope
movemppt . _f&ﬂsﬁ;%id&lcbrm%gie‘é[& aBERY kI8 rédioH WdS ibi&dd Batiew fthe optic for .
transferring vibration (erther test floor, test head or both) into the

obj ect i ve thigreproting ayexathngpaf thedissices foth wishingestisackats of e gowny hng he

present inyenpti.on there i.s ovi ded, test apparat us .conpr, sj,ng: an

Pt oor at edVEIEdh e Lek SontSalt o RaraRoptEne i Ao SRTB e b s,
obj ecti ve dremsSoptREGs ess¥htth ot MRGEPHroby iAdVIdaPEEED PuntHY LB BordPady. at us for
positioning the video optical mcroscope ova' the Integrated circuit head,

d) a nountMisgoprebing With n¢edlesiinachipeable dheoughnthe epplication ©f dxqrreterad ni cr oscope

movemgat  aPRAALYUR of this invention and is an improvement over the prior art.

The present invention is an improved embodiment of the invention
described in copending application serial no. 09/248,783.
SUMMARY OF THE INVENTION
Briefly, in accordance with light emission microscope already established,
30 the objective lenses must be within its working distance (typically 12-75 mm) of the
device under test (DUT) semiconductor. The DUT is on top of a vibrating ATE test head, .
in a socket, or in wafer form; is on a chuck in a wafer sorter docked to the ATE head. In

all case vibration is present through the floor to the tester and by fans and cooling within



e) a plurality of piston driven rods renotely controlled by conputer neans
at'tached between the video optical mcroscope and the integrated circuit
test hed, said piston driven rods being disabled during rric@és\dmpqwgovenent
but switched into a hard rigid node durimng video i mage acqui sition thereby
firmy coupling the video optical mscroscope to the integrated circuit

t est heathetest headutselfy Theeobjedtiveiand thaopticel hbeve ity aattachzt iaeal

' t he int. t.ed, ci it d, Avibrati, | i
;“sééﬁf)fﬁ‘c’&ﬁgﬁmﬁgés%w%?@ ?sf%@li%?”'qs#ﬁﬁﬁ@gw?_ 2@88@5%f8§;§€q%ﬁer
conput er 7gant 4. e . Whi.
pr(r)rei des 0on orﬁgﬁlg}%ﬁégﬁgt@ @égta@p Hﬁéé%?gg ec%eggoi;%%%gvﬁ%‘ g%éﬁ&i%%ﬁy

direct cetiptedgo acsolidemesininisnednt Misnsuppbnatiedtatitiibad 6f tie gpisseabl y and its
poi nts of engagenent provide a vibration danping coupling of the m croscope
to the t&xerosedne moverept eFkis rigil mephyai yranprovidee ay updesirebla patiufpt i ng

assenbly i ngcl udes Luralhty, of .piston driven.reods .coupled to the

M crosc oB@‘“@écW’-t H@rg%%& &éﬁﬁgﬁfﬁ%&rﬁésﬂéﬂs&f“ %R 58‘615 \’lﬁ(‘%g ﬁﬁe[ ﬁgc%ivg ﬁ‘@ﬁ thrgpgh

act uat edmeTﬁngm &vebe driven pneunatically, hydraulically, or by

sol enoi d, for exanple., A noupt is provided for attaching the plurality of
pi ston driven roIaﬁaGtCBrd(aﬁée Witgrﬂﬁfs‘?fﬁ ,tme‘(ﬁﬁ“?%éh%ﬁrﬁ’ﬂ'o‘ﬁg"rfjg‘ieﬁépl]%émé plurality
of of pi vot@gmgﬁg‘{ﬁ on which the plurality of piston driven rods are
attached wher eby t%’e plurality of pistqn driven rods can have variabl e
spaci ng when edgagisgintegsatedsircblgstheadp 3 JUL 2002 3a The invention and
obj ects and feggtures,ddher is a | gﬁ,@ t o far o

foll owi ng det :[)l%l ed %gltsdégfgﬁé%#lgﬁépgoﬁper@é&%ér”rbg erliléitgé gn%h%fﬁ%aﬁgr’
drawi ngs. BRI By DESGREidTSsd0OM: GlovEhfenDRRAAFNES dripgsitidning the wideropticelv partial |y
in section, illustrating, vibr a&i.on dﬁ%;%l ng between an em ssi on m croscope
and a t eSPICFRSSRPS VR RORERRIES GREH B4 prior art. Fig. 2 is a side view
partially in sgcti onpQlintifer Vi M ebRSEONR Vil dptiPEGaeRIsebpd drdasiefyseace

wi th one enbodi’"ment of the present invention. Fig. 3 is a side view

parti al | ynovensmt epmaratitk| ustrating the OCP Optical Coupling Point and TCP

Tester Coupling Point, a i ts. relation i ice
under test anchN[D ?E]é"éﬁgy 8.%p]§§°ni %1%?858{3%5?%0}%%?%&@%@%&@(%&1&F&c of the
e T Sl gt e g i,
i nvention show n e reiationship o e , 0 . tesi head, an e
accessi bidrivepr ngﬁé&@isﬁbi“i flering @g“ 05q9Ps I‘Bﬂ@éb@téw&tﬁ%%fmi%}g‘?a ogif IB’F’g?/i ew
Con . \ . . ) e e

Y e o %t‘%@eo%ﬁag)é’at:@%ﬁghg 'i_ﬂo%?éﬂbﬁm?/e}:fso!é!%ﬁ@g 58 AdeB pte il MisctbRop b the

accor dance one €nbo t"he presenht 1 nvention. F;ﬁl%é 5is.a
per spect iiuegriteleinfuistctitatd emd thdnpingdhamietivatraetianbeivessthavgeo aptisel anot her

enbodi nent, of the inhyention, ,5,Fig. is a perspective view of another
enbodi ner??lcﬁ‘?scweb@é{%ﬁﬁmﬂgﬁfﬁwcﬁ%ﬁﬁ?m illustrating a swivel nount of

t he apparatus to a pi .cope, TALL L PTI LLUST.RATI VE

ENBCD! MENTS Ref or i g ROCRG ORI Asempply A B e ghlcRi e 2 6ot g e

5, 764, 40QhidH §fdraee dntisr difpitsecdditrol, MBI nRekbAlom Gy bbipieses omﬁgidtﬁéeﬁﬁa?ge in

front of the objective |lens 10 and couple the vibration of -the ATE hea
i nt o t hewdidh pro¥idesyomenesideidicsctigoupling tothe omicroseopsandisectndiyndiredt br at i on

bet 1 test.h . .Ln Fi 1l..the.m 301 i
b 6adabFy ORI a0 FH BEGh 6t Falaibr 1RO Tt FRASP LBk SRR PR turn
thr eadabkﬁ/ca%eﬂﬁﬂ??r&i 308 itato dDESHg 483pIMY SHhSRREREDe tPBE tdiepcgsur f ace

408 in presSure attachment through sfnple friction. IS Referring now to
Fig. 2, an eni ssi orlod prefacaieniooiiments et vibration opuplingtasiembtdys iehidey a 3,

obj ective, | ens and canera mount.ed on a rigid chani,sm 8 are, positioned
above a Plé‘gﬁltbiéé@lséﬁ@l dEVER FPISEOYR g to %@W%PW' én%@ﬁﬁé?ﬁag@ﬁéhgfeﬁt

m Crosco \ he. M ' the DUT is
acconpl i gﬁazdd&lﬂ% g{%ag‘?g%g% ﬂp cf a#m%ﬂgé%%&g c%'Efir)\bdé] %g%%%&gg%?y ibed in prior
pat ent Shidbulddly| d@bysorueid fod dxatiphsM Adhount is provided for attaching the

plurality of piston driver rods to the microscope, and the mount can include a plurality of

of pivotal arms on which the plurality of piston driven rods are attached whereby the
plurality of piston driven rods can have variable spacing when engaging the test head.



I n accordance with one enbodi nent of the invention, the MOD M croscope
Optic Decoupler includes a rigid mechanism 8 which supports a m croscope
novenent 5. The objective 2 is nounted onto the optic 3 a 3iJEILtqu£ t he
canera 1 is nounted to the optic tube conprising an assenbly ref ed to
herein as the optical path. 2S The opt4gal path is rigidly attached to an
assenbly 4 that is offset fromthe m croscope novenent through a set of
springs 7. These springs are designed to be conpliant while at the sane
time providing static support of the optjcal path. During operation of the
MOD, decoupl i ng of #he IRYgRtenAadieRifctns) feplresdberegl wilk be morbrpadily

Gecoupl | APt St B olEnR g BARIAPEERRRT  SupiBate CRlm Sl BGRIE TS, ¢

wel | knowRe apiviaggmer ci al |y avail abl e such as a MultaccT"" 90-Z80
el ectromagnet which is operated renptely via conputer control of a 6 ° volt

power supply in our prefBRIEH DESCRIFREBANN OKIEEL @%bodi ment coul d be
0 3 JUL 2002 5 pneummtiscall y.actuate | anpi [ t el ctuated via
conputer and woul d %kl Ecﬁéﬁ?wﬁ“&ﬁﬂ@%ﬁ%ﬂ%ﬁ@mn&mw st age
for posi tyepkdaPbmifRforPRlidrbddopRahl atER HRAE K 4 RBRIHNEE G/t tRe ﬁd&r‘a?i‘?ped
attaching the m croscope novenent to the optical path so it" can be
effectively noved a¥Fig Zisragdiée viemupartialdy tnstction bbtite MOIpMiaoswepe Dpticng

i magi ng 5 when_vibratiqn is critical the i s decoupl ed. Specifically,

el ectro upleT 43 ARFQTAANGS Wi °P%F€‘§9é’éln%ﬂtl° ReRIIFREIESREOM 1, optical tube
3 and objective 2 te;flpat : ) : 0 econd
preferred enbodi man? lé'hsgﬁaasgg%%ytéﬁ%@j gp%gggﬁ?lrﬂeﬂét&?{ﬁ%%hteg%% tﬁ Sat he CCD
sensor 1 Cagilag®Paift irad TOP TERriQuupligh Pohet aagtis cellatibn bretheitdshhéddeoptissnt i cal
affect. Decoupling renmoves the contrjpution of |ow frequency vibration 10
(bui | di nglevinerundenitast and MEQD; (589 FigoAt i anserlanes Withoneegibadimgsb of thepechani sm
8. Fig. 3 gro i des égl s illustration provides a descriptive cross sectional
vi ew of dff SQEYE‘ &PP8Y enbodi ment of the invention. The MOD 9 is descri bed
above and attached tggtoR éﬂo?iﬁmﬂﬁﬁéﬁm@b%%nveﬂﬁ@n@MﬁﬁEW@ 11 is
view ng the device under test DUT 12. The objective_ 12 is attached to the
opti ¢ t ubrelationstig ofithe OTRUT R tat the t3Cheddardibe aFtegsibility provided to the atag s
assenbly we will refer to for sinplicity as the optical path. The optical
path in turn is attached to the MOD 9 fromwhich it can decouple renotely
under conputer control by el ectromagnet release 6 (Fig. 2). Wien the MDD is
decoupl ed the contribution of the vibration fromthe rigid mechanism1l1l S is
removed by allowing the optic tube to float freely on its conpliant springs
7 (Fig. 2). Arigid nenber 17 supports 20 an XY stage novenent and in turn
isrigidly attached to the objective 11 or optical tube . 16 at any point
via a plate 17A attached to the optic tube. Bearing assenbly 13 provides
freedom of Z-axis notion to allowthe rigid nmenber to slide facilitating
focus of the m croscope. El ectromagnet assenbly 18 simlarly described in
Fig. 2 provides a nethod of clanping the rigid nenber |7 directly to the
optic tube 16 or objective 11 through its 25 rigid attachnment point 17A
This point is referred to this enbodi mrent of the invention as the OCP or
optical coupling point. The el ectromagnet 18 when rel eased all ows the

m croscope to be focused allow ng the bearings 13 at the OCP to nove in the
Z-axis. Simlariy the el ectromagnet assenbly |18 under renote control could
be a pneunmatically actuated clanping device with identical performance. 30
The test head 10 supports rigid nenber 17 which in turn supports an XY

st age novenent through bearings 14 aligned in the X and Y-axis (only one
axis is showmn , in the drawing) at a paint we refer to as the TCP, Tester
Cl anping Point. This is the point of attachnment to the vibrating structure
or ATE test head in our preferred enbodi nent. 0 3 JUL 2002 6



The test heads vibration will be transferred into the objective 11 or optic
tube 16 fromthe TCP thereby elimnating relative notion. The TCP conpri ses
arigidattach point to the test head for this primry purp@g.JuLhggX and Y
novenent of the rigid stage is conprised of nenber 17 floating on bearings
14 aligned in tw axis X and Y and 5 pro¢ides the function of allow ng the

m cr oscope venent. t . navigate aver the surface of the DUT 12 w t hout
resi st ang et rg%? ESWB@H&% ogﬁ}e&gggs tBPhQW(fB‘SWTB%TQBHgﬁgdh? pemicgnducton @eysed
to clanp tﬂzeacz%ahee%&%ﬁemﬁﬁé&o%ehfese&fmwohp the test head. In our

preferred enbodi nent the attachnment pol I's at the test head but can have

alternate attach poi ritig. bis apeespeeticanevwe bfeibiasion ldaaghingpappdrafis fl svemtanke of
. descri bed enbodi nent as an em ssion m croscope on

h h . 1Q | h

;neAEI'ESLea}e}'?&t%@%cﬁ\gg‘&\‘f’gﬁlﬂ’épfg\ﬁén‘fewmt-hr ee modes of operation involving

th oCP d TCP 1 L . al : ] .
movenst Ref e ng t & B G SORRRiiEEByiof Syl oot G bR SRR EIRe 6 15

under renpagparatos (idistratuph swivel hewiof HRSPPRANIFTY @ERtostopd t he optical path
4 and provide the needed rigidity for XY positioning and focus. Referring

to Fig. 3 the OCP_1 nd_TCP 14 are unclanped by renptely rel easing
el ectromagnets | 8D memog&%§§%%EMDm to travel

in Z and the bearing fage]l t . a i Y
facilitating 20 focus?ezn ﬁé‘é@ét%%?ﬁ%ﬁ%%% LEE&#%&%E %\{/%%i%t %%éé‘r‘??’ng to
Fig. 2 thedi¥tlos& issheinsd afiinedotishggylebesitiansigReps ibfromdelthé ebtéve kI ol
uncoup) i ng the m croscope noye 5 fromthe optical path_ 4 thereby

el i m ni i ngnd pRUPdS e IBBHPB AL BnenefClt"ﬁ)he&ti %A the eyindeeby mgres pbEmpig Sition 25

Referring ' 1 he. ' : e 10

el ect rorrag{r%%{@y%§§§%+? g%%ﬁy %egg@ ?Jﬁgé%ggg%?s;ﬁg?&'t}ﬁ%ﬁ@ﬁ@?ﬁ %1\/'('13’1e in Z
The bear i nmicrescipe!30] idtiatadably chipled thred girgodidr 461 Ocyliader £06¢/whihtin ehined

el ectromagnets, 19 thereby preventing XY novenent of the objective 11 and
optic tubethreadably engagesdsavenecylinder 403 vwish Fentactptast Read)susBerRAP@i% i ng to
Fig. 2 the %R]. LS HAH ' . ctromagnets 6 under renote contr ol
uncoupl i ngp e %a{ét?%scopt)gg?rg e@h&qgaogl'the optical path 4 thereby
elimneting the cont Rdfertingmoofto Fid 2pdn @nis§ivn Mitfdecdpedothprizedafiasopc 03
JUL 2002 7 Referring.o Fig, 3 the QCP 13 js clanped hy, remte]y clanping

el ectr onagﬂ@tcsaswblgﬁwwm\frg‘e%%mﬁéameﬁgl HOYBIeRIop REidRcBEmsS eFavel i n

2 TS, Dbl o SR s s ACBescgh o IRVETRGH Uk
obj ecti ve mitrossughes fiei motanpent b6the Hierodeépe to navigate above the DUT is accomplished
in 3 axes (X, Y, Z) for focus and has been described in prior patent 5,475,316 (not showr}
20  in drawing).
In accordance with one embodiment of the invention, the MOD
Microscope Optic Decoupiet includes a rigid mechanism 8 which supports a microscope
movement 5. The objective 2 is mounted onto the optic 3 and in turn the camera 1 is
mounted to the optic tube comprising an assembly referred to herein as the optical path.
25  The optical path is rigidly attached to an assembly 4 that is offset from the microscope
movement through a set of springs 7. These springs are designed to be compliant while at
the same time providing static support of the optical path. During operation of the MOD,
decoupling of the rigid mechanism by releasing electromagnet assemblies 6 allowing the
microscope movement 5 to float on the springs 7 decoupling the optical path from its
30 rigid support 8. Such magnets are well known and commercially available such as a
Multace™ 90-280 electromagnet which is operated remotely via computer control of a 6 \

volt power supply in our preferred embodiment. An alternate embodiment could be



5 stage acts as a rigid assenbly to transfer vibration tomthe test head 10
t hrough the TCP 14 its rigid nenber 17 into the OCP 13 and onto plate 17
which is rigidly affixed to the optic. Vibration is transfenraeduﬁ_rmﬁzhis
manner fromthe ATE head to the optic 16 or objective 11 and simlarly to
the CCD canera sensor 1 (Fig. 2). ReferPing to Fig. 3 with the MOD rel eased

Lhe entL " At 52y Btk SRS, SRLRR I Gp B RS R0 SRV,
test headagivellhDuHER ah¢ mokeRenedf ted §teed for %oﬁiﬁ@ﬁingeéf%é ¥BtifA Pagthpet ween the
test head 1antgil opti ct; IS ?I iprgdnat ed, Ehrovj di ng un istortedtho ti C:.l| ithmages of
the DUT 1elepmompgrets frisradilampad atielfing thermyicnesaopomioivgment tcheheaipiticaltpatht so thave
access to the o titca field of.vi]ew \/\thou(i o@gtruction and.to visualize
the DUT wPThBUTHNERTPEH 458 sipgle AANG BIGQYLERTRHANGS IAFREnagkg | ed

i n thes ar {yheh vitREl SPRAEEAS i bd. ShdcpfiEa i

m croprobes | r\{ﬁ)t@ he foﬁ%&mar%@pngnyngréfﬁalﬁ%u?ﬁ% he \}%))E;r%%ia?ibg%&%gg%s?{%bhes

provi di ng6faoy reldased ellaving ¢henmtrierm!, lwptivaldubd hend\dkjchtae 2andloahebavetthes to be

cancel ed, nicroprobing is_ippossible o achieve. Needle placenment, which is
a preci semb?rBECé’ﬁﬁrnéwrﬁ%%mf e ﬂﬁ%@ﬁ?@i/%%@%@h?@mﬁﬁb egesyRRlyBLUoudEbat i ve to
the m scr I ! L A0 4l I J i ment
ferromagngtﬁi&gl['?%}tfaa"tc gé%%)ooﬁfagta f|CF§%&%S@d§§B%QFFMH%§@?%?£mggg’ggll s or
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30 The test head 10 supports rigid member 17 which in tum supports an XY

stage movement through bearings 14 aligned in the X and Y-axis (only one axis is shown .
in the drawing) at a point we refer to as the TCP, Tester Clamping Point. This is the point

of attachment to the vibrating stwucture or ATE test head in our preferred embodiment.
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by conput eemoehneleasing electromagnets 18 and 19 allowing the bearing assembly at the OCP to
travel in Z and the bearing assembly 14 at the TCP to freely travel in XY facilitating

20  focus and navigation functions.

b. Focus Mode
Referring to Fig. 2 the MOD 9 is unclamped using electromagnets
6 under remote control uncoupling the microscope movement 5 from the optical path 4
thereby eliminating the contribution of vibration from the rigid mechanism 8.

25 Referring to Fig. 3 the OCP 13 is unclamped by remotely releasing
electromagnets 18, allowing the bearing assembly at the OCP to travel in Z. The bearing
assembly 14 at the TCP is clamped using remotely controlled electromagnets 19 thereby
preventing XY movement of the objective 11 and optic tube 16.

c. Imaging Mode (Full Vibration Coupling)
30 Referring to Fig. 2 the MOD 9 is unclamped using electromagnets

6 under remote control uncoupling the microscope movement 5 to the optical path 4

thereby eliminating the contribution of vibration from the rigid mechanism 8.
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ration tra.ns er. The probe arm asscmbly 28 is used to reach junction lines or bond

pads on the DUT 25 for the purpose of biasing or measuring current and voltage from the
30 DUT 25. As described vibration is transferred from the ferromagnetic plate via the

electromagnetically 29 attached platen 30 transferring vibration into the microprobe

assembly 27 and its related probe arm and needle 28 so that relative motion between these

assemblies is eliminated. These structures in effect move in unison. To achieve
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vibration is effectively canceled by eliminating the relative motion through the OCP 20
and TCP 21 which are rigidly transferring vibration into the optic tube 23 (includes the
objective 1) and optical tube 16 (Fig. 3). The user sees his needles without distortion and
10  the optics move together via the vibration produced at the TCP 21. A critical element of
the invention is the access provided to the DUT 25 for microprobing by allowing free
access beneath the optics 23 and is an obvious improvement in the prior art seen in Fig. 1.
Other embodiments of the invention illustrated in Figs. 5 and 6 will now
be described. In Fig. 5, the vibration damping apparatus comprises a collar 40 on which
15  are mounted a plurality of pneumatic cylinders 42 from which piston driven rods 44
driven by intemal pistons (not shown) depend. Pneumatic cylinders 42 are driven by air
provided through conduit 46 for actuating the pistons. The pistons are spring biased to be
in a raised position with the rods 44 drawn into the cylindrical housings with the pistons
moved pneumatically to extend the rods 44 for engagement with a test head. Collar 44
20  has an annular configuration with an internal opening for positioning around the video
microscope optics with set screws at 48 fastening collar 44 to the microscope housing.
While one cylinder can function for vibration damping, at least three
cylinders are preferred whereby the extending rods of the cylinders engage a test head in
planar arrangement.
25 In Fig. 5, the pneumatic cylinders are rigidly affixed in mount 40, but other
arrangements can be provided wherein the cylinders can be moved relative to the test
head, as illustrated in Fig. 6. Fig. 6 again illustrates three pneumatic cylinders 52
attached to the housing of microscope 60 by means of a mount S0 which supports a
plurality of pivotal arms 54 which are pivotally attached to mount 50 whereby the
30 cylinders can be pivoted about mount 50 for variable positioning with respect to a test
head 56. In this view a device under test 58 is provided under microscope 60 for light

emission microscopy testing.
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4 embodiments, the description of the invention is illustrative and not to be construed as

limiting the invention. Various modifications and applications may occur to those skilled
10  in the art without departing from the true spirit and scope of the invention as defined by

the appended claims.
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ok T i
a mounting means for holding the video optical microscope and microscops
movement apparatus
e) a plurality of piston driven rods remotely controlled by computer means
attached between the video optical microscope and the integrated circuit test head, said piston
driven rods being disabled during microscope movement but switched irto & hard rigid mode
during video image acquisition thereby firmly coupling the video optical miscroscope to the
integrated circuit test head and reducing the relative motion between the video optical
microscope and the integrated circnit test head.

2. The test apparatus of claim 1, end further including 2 mount for attaching the
plurality of piston driven rods to the video optical microscope, said mount including a
pluarality of pivotal arms to which the plurality of piston driven rods ere attached whereby
the plurelity of piston driven rods can have variable spacing when engaging the test head.

3. The test apparatus as defined by claim 2 wherein the movement apparatus
includes electrical motors, wherein the enabling of the ¢lectrical motors is coo;djnated with

the enabling of the remotely controlled clamping means,

4, The test epparatus as defined by claim 3 wherein the pistons are driven

preumatically,
5. The test apparatus of claim 3 wherein the pistons are driven hydraulically.

6. The test epparatus of claim 3 wherein the pistons erc driven by solenoid

means.
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turn are connected to & mounting meass,

c) microprobing using microprobing means which are rigidly placed on top of
the integrated circuit tester, and

d) vibration damping using 2 computer controlled clamping device which
couples the vibrating tester to the video microscope, said clamping device being disabled
when the video microscope is to be moved, and the clamping dsvice being enabled when the
movement is complete, allowing the video miscroscope to vibrate in unison with the tester,
thereby reducing the relative motion between the two, wherein the clamping device
comprises piston driven rods coupled to the video microscope and which engage the

integrated circuit tester when actuated.



