; ~'ae3eXU "L6T: ?6 october 2004 1 PULSED SI NGLE CONTACT OPTI CAL BEAM | NDUCED
.2 CURRENT ANALYSIS OF | NTEGRATED CIRCUI TS 3 ' 4 BACKGROUND OF THE | NVENTI ON

56 Field of the Invention 7 The presﬁlﬂtﬂl‘"mmmuwm rel ates generally to
met hods and apparatus for optical bea { urrent 6iOstebari2§8d i on in
integrated circuits) and nore particul arl yiediea~a nmethod and 1 9 apparat us
for optical beaminduced current investigation that requires only one
contact with the 10 circuit.through use of intrinsic system capacitance as
an electrical return path. 11 Brief Description of the Prior Art 12 It is
wel | known in the aPULSRASINGLECONTAGT OREGAINBEANEINBHCE eni conduct or
junction, a 13 current will be generated by the junction. The current is
due to a built-in potCURRENT ANAYAISIS OF EREGRAJND CIRCURES i on as a result
of band bendi ng. Thi s phenonena has been used extensively 15 to i nmge

sem cgnductor junctions in the areas of general sem conductor .device

anal ysis and 16 sem conductor failure analyses. Prior art nethods require

the cgnnection of both endgAeiKGROUNIORTRE INVENTIONCt current /!ow
frequency current detection and processing circuitry. Due to the 18

difficSuIty in maki ng these connections on the interior of an integrated
circuit, it is inpractical or 19 inpossible to analyze junctions that do
not have odh0 nd S vadiglect ed to lines leading to external 20 contacts. 2|
The probl i ed in Fig. 1. Anintegrated circuit 10 i s shown

with two diod 12 22 .and.14 nbol i gal | ' ' s both
ends connect egﬁl"(B’“TSF'Hégvef‘g%fhfef%estgg"%’gl?yetro ﬁ%{tﬁ@éﬁg%@%s%@%&%@ S%Sr 2004 1
contacts 16 and | 8.that can he easily accessed for. | ySi ontrast)
the erfds igfuced sugent nvgsfigation 'rﬁ‘d{“c%ﬁﬁé%‘fmfso r{nmg%'éf’lﬁ%?y' %cao[ﬁ?tg%({]@%l n order
tlo anal yze diode |4, prior art nethods require the 3 use of Rr obtes. 2t eand
22. Pdbi t sromiahy fernpsical beam dnduped curipatipvestigation dhal Fguirgs I I SORPRGV S
operation and therefore undesirable. 5 Fig. 1 also illustrates the prior
art pht@ceseuisthronghyisegf intgnsisyiysiem) capreiancs s g clegAe I m@aly gna| strength is
shown i npi ngi ng on diode 14. In response) diode 14 generates a current that
7 flouns tBriefBéscriptidnof the Pr®riAxtt he current anplifier circuit 28 and back
t hrough return Iine 30. 8 The output 32 of the anplifier 28 is then .
recei y2d by t hitisswghlalowprin tesstthatd fanwpticalibeam HaPIBEes PRl 2 SYMicondNairdRReYon. i g
in response the processor provides an output indicative of the current and
13 current will be generated by the junction. The current is due to a built-in potential in every

14  semiconductor junction as a result of band bending. This phenomena has been used extensively
15  to image semiconductor junctions in the areas of general semiconductor device analysis and
16  semiconductor failure analyses. Prior art methods require the connection of both ends ofa

N 17  junction to a direct current /low frequency current detection and processing circuitry. Due to the
18 difficulty in making these connections on the interior of an integrated circuit, it is impractical or
19  impossible to analyze junctions that do not have both ends connected to lines leading to external

20  contacts.
21 The problem is illustrated in Fig. 1. An integrated circuit 10 is shown with two diodes 12

22 and 14 symbolically represented. Diode 12 has both ends connected to lines leading to external

5
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10 correspondi ng junction status. 11 Fromthe above description of the

. prior art, it is apparent that there is a need for an 12 inproved net hod
and apparatus for inmaging junctions that are located on the interior o f an
13 integrated circuit. 14 SUMMVARY OF THE | NVENTI ON 15 |t 6iQclobas2804re an
obj ect of the present invention to provide an inproved nethod and 16
apparatus for performng optical beaminduced current inaging of

sem cendygh@ts i 61Rsd | RSt cah Be kisily Sca@sded fdrhailysibj mabniwdst, ttireends eSdinde i4deent T on
to provide a nethod and apparatus for 18 perform ng optical beaminduced
current i IPAnfcct & arS M EUPdLGIRL Thlobdek toasalyzogiatie th, ipribedrt methods deQuire the
integrated circuits without the need for probing of interior portions of

the cir cyit of 2Bbdst2giadd @2.Spj)§it|ionfir¥ thé&e prabRs RGilvedf prédi Mdame YonsutMagt i ons to
provi de an 1 nproved nethod and Z1 apparatus for performng optically

i nduced cur I i el conductor junctions that 22 require only a
si ngl 2 Wopgéﬁglg?\édﬂ?ﬂevﬂﬁ% ﬁl{dte%gm? ntegrated circuit. 2 60122159v2 2 6

Qct ober 2004 1. .Briefl f el ; ol ti
el udes an. i i dvAts HehsS o oot L BiocREBPBMIR A ol RLAAWEHEMAD . 0"
i magi f i condugt or j uncti ons.. di i gl
w1 o0 or el el fvagiiamenedm e Foi R et 1 eBIR Lot Bt ©

conventional conductive probe) is nade a_poigt a kes peal
cont ack tfpws thiough candyetop6 19 %" FUiTEEt 3t ‘LCBC'BCE'“&E&?P% E %CE‘. tﬂraﬂuelll rreglrgﬁlhénke&
connects the wired contact _to an anplifi é’b and a second3li Re 6 ﬁar.ri es
retur B cuFhecqwtput 32 af the amphifier; 2813 then EFCEl“’&f tha SIEBHREETSQRI* KNERIART §HIRE
return connection 7 is then used to couple return current froma second
side of tiadetectndtandin tespopsatha drocasser preYides angulpyt ipdicave of e umepAdi n t he
~neturn connection is not of fundanental inportance in the practice of 9 the
I nvent0 oncorfespongmpgumckiby status.ger capaci t ance val ues are preferred and all ow
i ncreased induced 10 current flow. Wth the connections described above to
the applifier Fogh thésbove deeaipiidigofthe prior tartyif ishppaxens that dereoipaineed fobhatam i s
applied to the junction. In response to the pul sed beam the junction 12
gener @ eSinfpréRid RERSH Wdngpfutus for dhagingljuaibne that @nlaca®il oo thetihterienafrent in
response to the pul sed 13 beam has an alternating current conponent, it
passess t hiypdgghied ficuptapaci tive junction return 14 connection as well as
through the single wired contact to the anplifier. The anplifier outputs a

15 maggified replica of the gyMMARYOFCIHEINVENTI@N yzed by the
processing circuit to providée a 16 useful formof data for analysis of the

junctiyon. 17 A iSRRG ofbc LPHRFESR MyehiH0 plid h ilnRived ncfhoddhdies a
met hogi and apparatus for rapi 1§ pertformance of optical beam i nduced
curre I magi f sem cond rodt ' : ; badkctdhs.t he
o csont 1 AT PERFREHEA Honh HGhieny il b RimiaRUAE ATl
junctigns on ap.integrated ciLrcuit in order r.f i i nduced
curred! inagi ng‘.'sﬁ °f Wf%gt{hﬁaﬂeﬁ?ﬂté@'gmﬁ t?hg“g%&'g%@‘?ﬁ@éﬁﬁ%ﬁgw that it
substantially reduces, the | abor and 22 correspondi hg cost aof form

“opticaP besHTHE SR ALRARARRCA TSRy PR E S SRy N gnt lochfel b o8
integrated circuit. 60122159v2 3 i o . .

19 integrated circuits without the need for probing of interior portions of the circuit.

20 It is a still further object of the present inventions to provide an improved method and
21  apparatus for performing optically induced current imaging of semiconductor junctions that

22 require only a single wired contact with the integrated circuit.

60122159v2 2



6 Cctober 2004 1 IN THE DRAWNG 2 Fig. 1 illustrates a prior art nethod
_.inyvolving probing of sem conductor interior junctions 3 on an integrated
circuit; 4 Fig. 2. is a diagramillustrating a preferred enbodi mrent of the
"~ present invention; 5 Fig. 3 is an equivalent circuit of # Qeabardiftct or
junction, current neter and intrinsic 6 system capacitance; 7 Fig. 4a
illustrates a preferred nodul ated beam configuration; 8 Fig. 4b illustrates
a typi cal curBmsfly, gere&reedstbpdimensefithepngtatingention irefydshan imrewgongtiod o 9
the pul sed beamillustrated in Fig. 4a;, and 10 Fig. 5is a flow chart

i 11 ust r abf pegfotrhiag optidabbeanf intlheed pnese hagimy efsengondurtprownstions. dyscordingie 11
correspondi ng apparatus. 12 DETAI LED DESCRI PTI ON OF THE PREFERRED

EVBOD} VENE nlethod, psieglewied cembads aeintegaited direuip (fesexatnplativongh e dof g
illustrated in Fig. 2 including a pul sed 14 beam apparatus 36 for

per f of M pshvemamal ddddestitte probeEismadaad atmirg tiof nakes denibatdontaci tondirsteiis.ofd S
The apparatus includes an optical beam generator 38 for applying a pul sed

beam 40 |QchorS® b8 ahRgzelS ASRK IRRRGMEIRIthd Wied donthcbidGh aaHliferDatel A2cad e
integrated circuit 44. The generator 38 includes a 17 beam bl anker 46 for

tam ng t pg beRmPRuARdrhithd InfIRRPRSGElRI dofRdttioh. AP aghcive FAhmEBAREAGOr 48.
18 A scan generator 50 recelves directive input froma programred conputer

52 for th i ' ' At B4 . b
gener bt oft (3B B0 REaRpleb el ! M Bhdokfiy FOpASiuRLuoklo WU e At DORE

f ticul ' t ' i OF ' 4 t
Che- phi satobeCimpoarrar A hg e el R SEo At 5 Fubdnt fnth HEIREBER, O

an 22 induced current with an alternati currepnt co ent t . W fl ow
i ough Shecayesnen it sty 198 Srprgiofe h e el AT AL heleh ithbdd
According to the present invention _Ehe Ci rcu'ht ir\cfl uded$ a 60122159v2 4 6
Cct oB8r  sement flow; Withsthssoaneetgns descabrdAboBRtp tae wBPIter and g RIOSET B SR
conductive portion of the integrated circuit 2 44 that ]| eads to either side
of aldel eubsed optisakbeantis anplied i the FRaciial. i Tewese (B PAEE DA IHeERitRle o 3
direct current conductive line) which is the preferred enbodi nent, and wll
al so 12nclgimteatesnycotrespdnding|pulse ofiindiced chyrestd Sinas theicurrent imrsssinss oghspiilsed woul d
include a line with a large, series 5 capacitor that would not
Si gnilBi c deairh yrad amalteratieg éurewt aimponehtcibpassesrthrongh the capapigive jungipmrem ve
pur poses, diode 42 of Fig. 2 is selected. A single contact 55 is shown 7
convaai erbhyecianasacded though the siagh6vited abntasthe theamptifies. Jhk amplhifieroutpistah one
side 58 of diode 42. 8 The contact 55 connects to line 60 fromanplifier
62. AgCOongHgAdicd Qeplid® oPthe s@idnt iWRicANé thewada@ed by the processing circuit to provide a

16  useful form of data for analysis of the junction.

17 : An advantage of the present invention is that it provides a method and apparatus for rapid
P ) 18  performance of optical beam induced current imaging of semiconductor junctions.
19 Another advantage of the present invention is that it avoids the need to probe individual

20  junctions on an integrated circuit in order to perform optical beam induced current imaging.
21 A further advantage of the present invention is that it substantially reduces the labor and
22 corresponding cost of performing optical beam induced current imaging of semiconductor

23 junctions on an integrated circuit.

I
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9 conpleted circuit, for flow of induced current from di ode 42, also
-includes any and all 1 |0 capacitance in the circuit fromthe other side 64
of diode 42 to line 66 connected to the anplifier 11 62. In Fig. 2, this is
synbolically illustrated as capacitor 68. From an exani n&0¢abasi200he 12
physi cal structure shown in Fig. 2, it is apparent that capacitance 68
woul d include a conponent 13 70 between a conductive pad 72 and a bottom 74
of the substrate 76 of the intedPaEHEDRAWING 44 12 |f the bottom 74 is in
contact with a conductive base 78, the total capacitance 68 woul d 15
ef fe2tivel y B bdlustratesa prgraet méthed @selyos @mbinerpl sqRisorducton fuerahjunstions g. 2
with a conductive 16 base 78 is a preferred enbodi nent. O her arrangenents
f or Gapaaiahintedryted oupiit;ng from one side 17 of a diode/junction to the
anplifier 62 input line 66 are also included in the spirit of the present
18 i mventi onFig. 0. isialdiagben dius@atinga préfosal gidiodingnit pfthe present inventzn; any
construction that places capacitive 19 conponents in parallel in the path
of igduced cwig ens af é@ivaldnOtircait NP k@nidodp@Ejunttion, éurrepemetiet @id id@ingict h
capacitance 70, will i1 ncrease the total capacitance) and any construction
such gas sgdlerd tapaddiiMicel i ve | ayer between the bottom 74 of the substrate and
the base 78 that places a capacitance 22 in series wth capacitance 70 w ||

decrgase the g 0lalijGARASapRiIGTed thédutittd bdam dhs@lratoapd by those 23 skilled
in the art that a |arger capacitance fromthe diode side 64 to a conductive

base ¢78 ~0i 2z ;45 éléurls\t&aﬁeg a %)chp&frreﬁg%g\g%teg @Ya&EhREnduRto juEtiétbin répols tanot her

pathto the [l ow a | dw of 1 nduced current 2 since
capacji tiyve reactances. are.additive,in parallel) and the resultant reactance
s i vertE%PvS%%ﬁ?'Bd@?sfﬁaﬁﬁé?E bj'at’ﬁ%dtot al capacitance. The total effective

-_dapacitance etween a diode end. and a 4 conductive.line to.the anpldfier or
otheld cur ent S BARH BB ingthe Beheg PRt nvelnata boFpliforule
capacitance". 6 In order for diode induced current to flow through the
systdm copstording 8pParitiiyyst have 7 an alternating current (AC) component.
According to the present invention, the beam 40 is 8 pul sed oreferably in
the orm of a sBEZAJLERDRESGRIE ERREFERRED EMBODI

A, 4T 1 ~dera

lA AR oRIPEIONO 1 2 ~de bl e s of the 9
i nduced current and thereby also the frequency of the alternatjing (AC
conpbnent of A pesférred soadinBntefthepresent invention igiystrafeddn Eigna dnclyding 3 piieance
1/2~~is mnimzed, allowng a larger flow of 11 induced current. 12 Fig. 3
showst anbesguappariatus 86 forpetfotmi8g besm mduded durrens epalysts ¢fiseiconductor jinchefsy ent
nmeter 82 13 as shown represents all of the circuitry for detecting and

di splsayi Tig dpperatus dawbelds anoptizat beathfeneratoudd fog apptying A pelsediamsiOga alselected
acquisition circuit 84 (Fig. 2), conputer 52 and signal generator 15 48.
The pg esefticdndu@od jufidtionlséch dsriiddédie wnaih veegrated ciuiuitrag. Toe geetaatI8rigeleded a
recordi ng or displaying 16 the induced current that will be apparent to

t hosgy skidahfladier 46 Bor Airhing TiEbedinQhaind 3£fGh Fespdrise Blnpit fibn S&igiva gérerdier 480
series wwth the total system capacitance 68. The di ode equivalent circuit

~8s 18g apRlst&tldnbraldd 80 PERERS SirdNde inPRURSA a prpfRithededdRipUeet 52 Fdh Edisigsosabf

“induced current source 84, an 19 ideal diode 86 and a capacitor 88. A

conpegent  bidingrive RnhN V64 Gileti BealnGehdrR0F 3¢ (3 fokiGbn HaBesl 404 r €nt et er

h .
82 and capacitance @ I'n response to a pulsed beamincident on the di ode 42
(Fi 920 2 1a1122n'ment with the coordinates of a particular semiconductor junction such as diode 42. In
21  response to the pulsed beam 40 impinging upon it, the diode 42 responds by generating an

22 induced current with an alternating current component that will flow through a completed circuit

23 having a series capacitive component . According to the present invention the circuit includes a

60122159v2 4



22 Fig. 4a shows a plot of a preferred light beamintensity as a function
of time. The sharp 23 rise tinme 90 and fall tine 92 cause a correspondi ng
rapid change in the induced current flow as 60122159v2 6 6 COctober 2004 |
shown in Fig. 4b. It should be noted that an increase in @Qeobptd0®4l beam
power results in nore 2 induced current being generated, which causes a
faster decay and results in a better signal-to3 noise ratio at a higher
scannj ngsikga physidabwirddiprotied elyctsite pent®4 td aiylcandyeliye porfiemefithointegrated ooyt
system capaci tance 68, as well as other reactive current conponents that
Wl pe wpgar shdaad eltlyer 5idel00s eeladkdd ditd. Mhe tdvenfalie ternf“Wined gmtzet'seillafclidehiced
pul sed beam current analysis is illustrated in the flow chart of 7 Fig. 5.
An oper afRdcr Besind Sodiicived fleawRici § thdyrefeanpembrdidentf anddvitlebsd indhelesonn
generator SO to 8 cause the beam generator 38 to sequentially position the

beam 40 {@ct BE WDk BREd BindwiltB CaSbilitPwhiok Wodidrigeledeen lite witr #large series
di odes/junctions (block 96). The signal generator 48 is turned on (block 10

98) tg da%g[)%?%(;erhgat%%m Rt ipkiRicadtfy it indMBwldTendaeareugener at or on and of f,

nodul atin eam 11 i ntensity, preferably in a square wave pattern as

L1 Vusgrated T poFlfutde pdiBset QRIUSor Piz. 5 RAIeld IATsRlsoohlae: sTigBnganer at or
50 to"drive the beam geﬁe aror to position the beam at specified 13

coordjnat es Y.(bl oc 0),. of [ ' ' : i Msde 4onpact
of th Wﬁmﬂeﬁegﬁ}( &%mﬁlégémgt%lénﬁ 58%:9 g & dctRal %f&%le:hwgﬂrg?éejgﬁ?@%ave form such

enerates an 1 n

as shown in Fig. 4b, the rtjicul ar s 1 e nce of
Che: Car r aue copiis 55 Pl B eEed amBiRd Sa APERRE SR piftelcifvch iREHRNS

i npedance. The neasurenent circuitr epr es ed as ter i Fig. 3,
e;gg i Acl samplstadirircyit, f%%f"'(s?fmg?ﬁﬂa\‘&.{%E{Bﬁe'sq?‘f‘i%gt%’ *g?"r‘ gfiges ygﬁ%mgorrpgt er 52,
tlhhen acquires/ nmeasures the induced 18 current (bl ock 102). The,co er 52
st or d9 '? lrapagitancenie hreairewit fron “ﬂ"{féh?fﬁd’ﬁééﬁfé'ﬁa? %éﬁo ltnﬁlléét‘fﬂ“%@te&fhsh? a%ﬁher

anplified induced current can then be anal yzed by exam ni ng .t he_phase

and/ dn 2G2afmpFig ddbiso$ symtwlicailyutesirated gheapaciior 6§-b¥'86ka“1@6'}‘"@f‘ﬂ%9f ‘gégi ons of
interest (diode junctions) are 21 programmed to be analyzed) i.e. if the
regi ans @hysicdletrecirelshoven indfig.dl, it iDapparcarthatycapagitansg 68 wouldincludmphepneponsnt
directs the scan generator 50 to direct the beam generator to position the
beam@n 28 debeen@ dondiictisle pid Tcdnidarboaome 4 of thestimtratst76 of e iptegrated sireit 490 t o
108 is repeated until all regions of 60122159v2 7 6 October 2004 1
intergst fpakeoREAT4aE ] baRS: wiltda tdiductiie daset 78] the totdicapdeitance @B woulhe r egi ons
of interest are finished 2 110, and the conputer then displays an i mge

derived foRmitdpudadual o @pIcRRRbinBehehh . AridiapdhiennsftFigrswitina caeldetiver r ent
| evel s (block 112). 4 An alternate enbodi ment of the present invention is

al so 4| %é AgGela h&g{&egi-en%oaﬁ!iﬂem. Ziyhiét drAfpceAGUbIIIBAYitiecuplif Bom des side bed

above, b I nst ea recting the beamat the top side of .-the 6 circuit,

the beam | cﬂb(ﬁe?]?lg&gnqa tﬁe%p@?&%@w&ﬂc 86 arleRRo GAdhkdel in thekSIHESPURE Prebdmt | | ne

wth ju?lcailon be "an s i1s illustrated by dashed |1 ne 114

~implyjng that. the beam generat or, 38 i j idid &@s to
i T et 8 P ions Sy AR G Bl R il g Cat bl Sbhofilo B et Bpat el
The alternate beamis given the i.tem nunber 440 .

ShowniS ¢ niSepmera i re s cihe peth ot PR GIRST 0%, for Siiich BRRBupEitparliGl
this enbodinment. It has been found that 11 di r%cti nglésg_u eané'uctas;[l\ﬁne back

si de &9 t Witheppasitancei70, willkineressg the b @Ra1ARGeH S A § S8R en 12 the

beam has an optical wavel ength near the silicon band 13 Althou e
presedt i imselativolayérdstwren thechottem; e theisubatratend Q}eﬁ’ésegfgoda‘a ET ¢ F%pagi?a"tcp

22 in series with capacitance 70 will decrease the total capacitance. It will be understood by those

23 skilled in the art that a larger capacitance from the diode side 64 to a conductive base 78

00122159v2 b)



14 enbodinment) it is anticipated that alterations and nodifications thereof
~wll no doubt becone 15 apparent to those skilled in the art. It is
therefore intended that the following clains be 16 interpreted as covering
all such alterations and nodifications as fall within the ©etabersi0fi t and
17 scope of the invention. 18 Wiat is clained is: 60122159v2 6 Cctober
2004 CLAIMS: 11 A%(garat us for beaminduced. current anal éSI s of a

sem ¢ondumteoted jtarhiet 46 Ar kxosnotties il to the ke 6hwel dlowra lakger Py o IndsrdgufeRior
connection to a first side of a sem conductor 3 junction on an integrated
Ci rcai t ;sinde bipasitivophiteses beadiijenwrpatatel, fugd tha pshitang rdaghanasfis mvpisel¥ed opt i cal
beam on said 5 junction; and 6 c¢) neasurenent apparatus having first and

second tREgBriHabtofthd totmhpwaclmhce: UFiregothl effegtvrecaptadndsybetyaded ajdigdstendand » sai d
measur enment apparatus, wherein said first termnal is for 8 connection to
sai d el eghdiictaé liﬁaﬁttlaé:dmplmdo;s(ahd capaoneaswgingidate wil feoermesdrintsiosicon to a
second side 9 of said junction through an intrinsic system capacitance,

sai d smeagdi&iesacitdapar at us for 10 neasurement of an induced current
generated by said junction in response to said pulsed beam 1 2. An

appargat us as 1 8fdet R diode tldated chrréhas Bow thrdlgh hapytint tapacicante) éahusdhaves a
connection to 2 ground and said capacitance is a series capacitance in a

Circut %aﬁ%ﬁ%ﬁn§@ﬂn%@%€g@9&n§ ah EordinSRIRNpresthti@vétition ahé béannad ison. 1 3.

An apparatus as Tecite aim| wherein said pul sed beamis a beam

ol 21 ek e i R B AR L5 ABMIAY @ischud i imaRgageL US s

recit Sal asurerrent a atus 1 ncludes 2 a) an

Ll R e 0 MBAERY  eRtsh l
“dat al(;c ' Og?lrfe%{ d[nltlhléle wa)ll,lt{\é ga%aélthgeur%aec%n%g 1[21!% is mlrI{HmZCd allowing a largcr flow of
11 induced current.
12 Fig. 3 shows an equivalent circuit 80 of a diode such as diode 42. The current meter 82
13 asshown represenis all of the circuitry for detecting and displaying the induced current,
14  including amplifier 62, signal acquisition circuit 84 (Fig. 2), computer 52 and signal generator
15  48. The present invention also includes other circuitry for detecting and recording or displaying
16  the induced current that will be apparent to those skilled in the art. The diode 42/circuit 80 is
17  shown to be in series with the total system capacitance 68. The diode equivalent circuit as
) 18  applied to the process and induced current analysis includes an induced cﬁrrent source 84, an
19  ideal diode 86 and a capacitor- 88. A component I, of the induced current I; flows through the
20  current meter 82 and capacitance 68 in response to a pulsed beam incident on the diode 42 (Fig.
21 2).
22 Fig. 4a shows a plot of a preferred light beam intensity as a function of time. The sharp

23 rise time 90 and fall time 92 cause a corresponding rapid change in the induced current flow as

I
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5 ¢c) conputer apparatus for storing said current data. 1 5. An apparatus as
_recited in claim4 further conprising scanni ng apparatus responsive to a 2
scan instruction fromsaid conmputer apparatus for directing said beam
generator to position said 3 beamon a sel ected junction.6 QctoberR00dppar at us
as recited in claim1l wherein said beam generator includes a beam bl anker 2
responsive to a signal generator for turning said beamon and off to create
sai d pul sledvnhiedig. 48. [7shodh! ppadabasn asreascinttbeloptivaldieammot endreritsiin noeas d
second termnal is interconnected to an 2 electrically conductive base upon
whi chy saifduidatcageattethgen@led, witictpQaidsiadned ddedyi ang realtdinartatiprsignal-©0-8. A
nmet hod for beaminduced current analysis of a sem conductor junction

conprisi Rgise Aitidht m‘k,héigczﬁiﬂu?b%%rritG.aThé’\ﬁJc?dsr&i?@Qﬁﬁstlarkaya fhidtish osthde of a
sem conductor junction on an integrated circuit; 4 b) creating a

capacj ti Y& nPBaGnfd6d, As deft @&&H& reici9e Afrrenfldingonaet tRDwlBaHabsR8d By
intrinsic system capacitance; 6 c) applying a pulsed optical beamon said

junction, é;](lﬁedag%(gag{enerator and 7 d) measuring an i nduced current
generate y sald junction in response to said 8 pul sed beam said

Teas Ui NG PET L HRKk S} Rl A WRRSHS P e NGNS 15D AGn el dulnak @t i nal

Oct ober connec to sal W re contact, and a
secon rm n conn ted to said ca [ n t hod
2 rodi « S on A REARE s by %f°§f5“e‘%§%§é§%‘¥®s*1%o*§%§c 44 8 hefuor 0
connegtion round an]f‘j%a acr anc en ﬂi& round .and ar d
secontl si‘YEe gfecléegﬁ“&e]‘?mt(?f ¢ sequieppial yﬁ(’°ﬁ§‘f’ﬂ @H’Vga ég‘? CRIPSE (’Iféﬁq "8 wher ei n
sai d uI sed beam i s a beam nodul at uare way I &ﬁ?
odul Bt i areludingtne oxmoes siogesunchings (IRROR. ohesiane SRnGAEr AL iiiaed b Eent
'::appar atus includes 2 a) an anplifier for pr oviding an anplified said
i ndud@d &8} ioakiive g tgpmdilagder 4640 un dhetheam ssppatprenadiaft, modulatingiGebFym t al
i nduced current data fromsaid 4 anplified induced current; and 5 c)
conputler intpppity atrefsrabbyrin gtsquarnyaecpaticnuas ilbystratgd irgFig. 4p. The computehBcthers
recited in claim1l further conprising directing said beam generator to 2
posi tizon diraitsitheaeam generatos 60 ecdrivd the breami gengra®atacpodition the begmapgiecidigd by a
scanni ng apparatus 3 responsive to a scan instruction from said conputer
apparidt Usoordinates X,Y (block 100) of a diode (junction). The diode under impact of the modulated
14  beam then generates an induced current wave form such as shown in Fig. 4b, the particular shape
15  dependent on the impedance of the current path, including the system capacitance and amplifier
16 62 impedance. The measurement circuitry, represented as meter 82 in Fig. 3, and including the
17  amp 62, signal acquisition circuit 84 and computer 52, then acquires/measures the induced

iy 18  current (block 102). The computer 52 stores the data representing the induced current (block

19  104). The amplified induced current can then be analyzed by examining the phase and/or

20  amplitude of the induced signal. If (block 106) other regions of interest (diode junctions) are

21  programmed to be analyzed, i.e. if the regions of interest have not all been analyzed 108, the

22 computer 52 directs the scan generator 50 to direct the beam generator to position the beam on

23 the next diode/junction area of interest. The process of 100 to 108 is repeated until all regions of

60122159v2 7



1 13. A nmethod as recited in claim8 wherein said beam generator includes a
_.beam bl anker 2 responsive to a signal generator for turning said beam on
and off to create said pul sed beam 11 6 COctober 2004 1 14. A nethod as
recited in claim8 wherein said second term nal is inter@&dDctebéré®0do an 2
electrically conductive base upon which said integrated circuit is
positioned during said analysis. L 15. An apparatus as recited in _claim4
wher eiln siatetbsclonwp beeranalyped atdube data gipisdr Atthispains the rggiansofdntgegsiprg frishedy
determ ne an anplitude characteristic of said induced current. 1 16. An
appar at us| [@Saridahé t@mpiter théredisplaysh énsgerles reddfraro tpudaty reppssentinglle i s
programmed to 2 anal yze said data to determ ne a phase characteristic of
sai d i NdugiedbsGuictiend indiced Gurréhnt tetls dslods! 2pci ted in claim 11 wherein said
conput er apparatus is programred to 2 anal yze said data to determ ne an
anpl i tyde char@ehiedrhaié efbsfimsmiod tepéseddn@ntisren alsoiilhikGatedimiip batileringrtbe i t ed
in claiml1ll wherein said conputer apparatus is programred to 2 analyze said

data to d&%u Snen0 En PmPREELI LA GbSVe] Kilt irbtedd oBditddting)the Gedin G1the Bptsidelof 1.
Apparatus for beaminduced current analysis of a sem conductor j unction

conpri gi n&rcultzth@))eaﬁ‘ﬂ isSifRElel LCAE bitdnE sld&ESMth@6itcultOprefeibREE!IING With@ jandtion $d
side o f a sem conductor 3 junction positioned on a first side of an

i nt egr at egl cafﬁg"‘t“‘s s} ludfle &%Jeghﬁ@m Bifig Bt ti\@f)eﬁp?énbfaﬁﬁ'ﬂns of a

pul sed’ op gam at side of said integrated circuit; and 6

gLr ﬁﬁ u;elgcgﬁli}atéllyg]&g%gl E)rlljezdasirc])gﬁs“ %n%([;etcl t'ié% tgcgg% Cdt ﬂg: l}aa{ Eﬂi@@% the fn%gr&tw)éﬂ;cuﬁf

I on rreasurerrent apparatus, wherein
said first termnal |sf0r80 nectlo sqi d

Said cRoofts Thsienate Seamis ivet ftaem et Rt B cleafnbEbdi 6 o) Blen B

) 9 of said junctlon hrough an tringj st em capac sai
neasurl@nehﬁseaéb%ll?rat’@ foélpasfegerﬁé{é‘?r}? E’Bﬁx HHB%' dit&'ﬁsrn?egtﬁtfoué‘ggléartat ed by

said junction in response to said pul sed %&C 20. A ne for beam

i nducddl cdireating abramypsthe bagk sidesefthecatientis “{frthgF‘lf'ﬁat@é Fgren oV

maki ng an electrical wired contact to a first side of a sem conduct or |j
unct i dﬁ 3 tipdehmnihes aropivabwivelengthgicarthe siliean handaagr at ed circuit;

13 Although the present invention has been described above in terms of a specific

14  embodiment, it is anticipated that alterations and modifications thereof will no doubt become
15  apparent to those skilled in the art. It is therefore intended that the following claims be

16  interpreted as covering all such alterations and modifications as fall within the true spirit and
17  scope of the invention.

T 18 What is claimed is:

60122159v2 8



4 b) creating a capacitive connection to a second side of said junction

~through an S intrinsic system capacitance;
beam at a second side of said integrated circuit;
i nduced current generated by said |

termnal 9 connected to said electrical wired contact, and a second

‘termnal connected to said capacitive 10 connection. 1 21. An apparatus as
recited in claim19 wherein said optical

silicon bandgap. 1 22. A nethod as recited in claim20 wherein said optical

beam has a wavel ength near a 2

beam has a wavel ength near a 2 silicon bandgap. 13
. Al eCRAIMES:AU. A. A3h. AYFI . A3. Al . Ah . AU. AU3. A{3<fI ZBVI %X ~: QT m

| wmha\ W ca] ca U] c”a] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]cRa]ca]calca U] c”a]ca]ca

U cta] ca U cha] cna] ca] ca U cta] ca] cal] ca] c: a456CFUhk<BLah} !
~ytojd_ZU] ca] ca] cal] ca] ca]ca]calca U c”a]c”a U c”a]ca]ca]ca]ca]ca]ca]ca

H] chaU cahg rﬁ@]s ¢S vedChicad Calrfeathtad)sifd CAdeBdconductor junction comprising:
R NS O Re el ARV 0u024G78888[99p

3

3

10

vql gb] Xéacﬁcal‘?%le%f*céf]e@fégaﬁﬂé 4, @lc%m\é‘c%ﬁatk%lfﬁ@t%a@]&fal GRhfdhaadisal cal

calcalc

a)] ca] ca ca <<S>S>SS>>?

junction on an integrated circuit;

b) an optical beam generator for application of a pulsed optical beam on said
junction; and

c) measurement apparatus having first and second terminals for input of current
generated by said junction to said measurement apparatus, wherein said first terminal is for
connection to said electrical contact, and said second terminal is for connection to a second side
of said junction through an intrinsic system capacitance, said measurement apparatus for

measurement of an induced current generated by said junction in response to said pulsed beam.

2. An apparatus as recited in claim 1 wherein said capacitive connection is a connection to
ground and said capacitance is a series capacitance in a circuit between said ground and said

second side of said junction.

3. An apparatus as recited in claim 1 wherein said pulsed beam is a beam modulated with a

square wave amplitude modulation.

4, An apparatus as recited in claim 1 wherein said measurement apparatus includes

a) an amplifier for providing an amplified said induced current;

6 c) applying a pul sed optical
and 7 d) measuring an

( unction in response tdsabat 200ul sed
beam said nmeasuring perforned using a neasurenent apparatus having a first



BBBnCD
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a] cal] ca] ca] ca] ca] ca] ca] ca] ca] c”al]c
a] ca] cal] ca] ca] ca] ca] ca] ca! JKSL\ LSWMNN! N{ NNO<PPARRRQST T+ T DV@otsbarl 2004yt oj e™ [ V
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1 5. An apparatus as recited in claim 4 further comprising scanning apparatus responsive to a

2 scan instruction from said computer apparatus for directing said beam generator to position said

3  beam on a selected junction.

1 6. An apparatus as recited in claim 1 wherein said beam generator includes a beam blanker

2 responsive to a signal generator for turning said beam on and off to create said pulsed beam.

1 7. An apparatus as recited in claim 1 wherein said second terminal is interconnected to an

2 electrically conductive base upon which said integrated circuit is positioned during said analysis.

1 8 A method for beam induced current analysis of a semiconductor junction comprising:

2 a) making an electrical wired contact to a first side of a semiconductor junction on
3 an integrated circuit;

4 b) creating a capacitive connection to a second side of said junction through an
5 intrinsic system capacitance;

6 c) applying a pulsed optical beam on said junction with a beam generator; and

7 d) measuring an induced current generated by said junction in response to said

8  pulsed beam, said measuring performed using a measurement apparatus having a first terminal

10
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1 10. A method as recited in claim 8 wherein said pulsed beam is a beam modulated with a

2 square wave amplitude modulation.

1 11. A method as recited in claim 8 wherein said measurement apparatus includes
2 a) an amplifier for providing an amplified said induced current;
3 b) signal acquisition apparatus for creating digital induced current data from said

4  amplified induced current; and

5 c) computer apparatus for storing said current data..
1 12 A method as recited in claim 11 further comprising directing said beam generator to
" 2 position said beam on a selected junction, said directing applied by a scanning apparatus

3 responsive to a scan instruction from said computer apparatus.

1 13 A method as recited in claim 8 wherein said beam generator includes a beam blanker

2 responsive to a signal generator for turning said beam on and off to create said pulsed beam.
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2 electrically conductive base upon which said integrated circuit is positioned during said analysis.

I 15, An apparatus as recited in claim 4 wherein said computer apparatus is programmed to

2  analyze said data to determine an amplitude characteristic of said induced current.

1 16.  An apparatus as recited in claim 4 wherein said computer apparatus is programmed to

2  analyze said data to determine a phase characteristic of said induced current.

1 17 A method as recited in claim 11 wherein said computer apparatus is programmed to

2  analyze said data to determine an amplitude characteristic of said induced current.

1 18. A method as recited in claim 11 wherein said computer apparatus is programmed to

2 analyze said data to determine a phase characteristic of said induced current.

1 19 Apparatus for beam induced current analysis of a semiconductor junction comprising:

) 2 a) an electrical wired contact for connection to a first side of a semiconductor
3 junction positioned on a first side of an integrated circuit;
4 b) an optical beam generator for application of a pulsed optical beam at said second
5 side of said integrated circuit; and
6 c) measurement apparatus having first and second terminals for input of current
7  generated by said junction to said measurement apparatus, wherein said first terminal is for

8  connection to said electrical contract, and said second terminal is for connection to a second side

12



100F=10%&' () - &6y&10%0& ()- ! ) (10%0C& ()-! ) (10%&' ()-vl 1 JIKKSL\ LaBg\ =
. 10<! S &109%&' ()- S &10%& ()-S
&10% & ()-!'A 10%5<5<& ()-4@&109%<& ()- M&10%<&' () -\ LLSIMNNNNN! N} r g\ =
10<!' 1 310%Z& () - 10< 10< 10<3=10%& ()-1&10%& ()-M 6 October 2004
) 10%<<& ()-f!)"'10%dd& ()-f! N{ NNO<PPQdBg\ =
10<!'1Y"s'"10% - & () - f3&10%Z& () - &f &10%Z&' () -: S9&10%& ()-' @
&109%Z&' () -fz&10%& () - QARRRRQSTAEQ\ =
11 0 ! - 0, ! - 0, ! - 0 ! 2! 0 ! 2!
\1(8 ;.’ P f%%%@c&%%ﬁ%ﬁ%{%{%& t_ri?%é?s{%t%é )capz}/c’lt%r%c%,/zs%d( )meagﬁrgr%%n/fz anga(r?itus for
s' 109XX& ()--!'s' 10%a& ()--!y' 109 ()-Fs!3109%&' ()- 10Z 10Z
1671 mepgypmentiof gnindpprdksurent generated By sgdgunction ignapanse Yo s3id prisedgeany.. |
s'10%& ()--! s'109%XX& ()--! s'109XX& ()-- Normal" "Heading 13]c" "Headi ng
23] c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font $E %e- 5;
Al FKQOZ\ ~ Aouiethiold dprr beatinduced ZvtyBint apalysis bEasemiconductor junction comprising:
@DEbHvI \ LI NQTUX? @\BCDEFGHI JKLIMNOPQRSTUVWKYZ[ \ ] 6Ti nes New RomanAri al Couri er
New' h Roota) Ent myRéisd bo @lsztival wited#&tifact kd b, first Q23458 B8Miconductor junction

<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[\] " _
3 positioned on a first side of an integrated circuit;
4 b) creating a capacitive connection to a second side of said junction through an
5  intrinsic system capacitance;
6 c) applying a pulsed optical beam at a second side of said integrated circuit; and
7 d) measuring an induced current generated by said junction in response to said
8  pulsed beam, said measuring performed using a measurement apparatus having a first terminal

9  connected to said electrical wired contact, and a second terminal connected to said capacitive

10  connection.

1 21.  An apparatus as recited in claim 19 wherein said optical beam has a wavelength near a

2 silicon bandgap.

1 22. A method as recited in claim 20 wherein said optical beam has a wavelength near a

2 silicon bandgap.
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