| NTEGRATED CI RCUI T PACKAGE HAVI NG SECURI TY FEATURE AND METHOD OF
MANUFACTURI NG SAME FI ELD OF THE | NVENTI ON The di scl osed enbodi nents of the
i nventi orwoebmte7ggeneral ly to integrated circuit packagesT/ispaonegdeat e nore
particularly to security features in such packages. BACKGROUND OF THE

| NVENTI ON Manuf acturers and sellers of mcroel ectronic equi pnent and
devices, including integrated circuits (1Cs) and | C packages, desire to
prevent the unauthorized sale of such devices, the sale of counterfeit

goods passed of INBEEGRahEPHERCHMEPSCHIAGH HAMNGAECHR I NG R Tz 44D
activities. In order to di $goHi@8®EMANEHACMIRING §At0el ectroni c devi ces

are often provided with markings or other security features that are
difficult to reproduce and that serve as proof that the narked article is
genui ne. Thus, for exanple, data regarding the origin, manufacturing

hi story, or other information on an | C package or the |like may be provided
in a pbotected and propri et afFJEFROF. TS BNVYRENTKN | C packages or ot her goods

may be marked i t echni. ques su as | aser .abl ati i.nk jet pri.pting,
ona others. - BRY EHUbeRR IR e S P REeB B D Bl B e <

wi || be bettlagesuandetistcmude partenlalyrteachuriy fedtutehm sicll paokageg det ai |l ed
description, taken in conjunction with the acconpanying figures in the
drawings in which: FIGs. IA 1B, and 1C are plan, cross-sectional, and
detail views, respectivel BACRIGROUNDIGIITRE @dVENTOONt package that is marked
according to exjsting techniques; F]Gs, 2A,. 2B, and 2 re plan, .
crossﬂgecti onaMangitigey s S mieEe e iE, SHYPmEHt a&ﬁ JeeehiaRidng i r cui t
package aG@edrgted@irdudts AT AR pRRAgeOfdelifteroipRit@RK th® BiaufHofizedsaleSofasuét de

el evational view of a device capable of praviding coaxjal jllumnation of a
mar k accorgyifgy ths sale ofirountaEHt o9dst Presednofé e Srving egd sipalar Alpgalbqly 4C are,

respect i vehyuthd?z80 actRiRE SmSREdr 19 RRLourARLuEL h&@ vity VinR¥R 1 Rfrodd bt & Iat ed
circuit package according to another enbodi nent of the invention; and FIG

5 is a fleRenaiovided with mpagkingigr ptheesessdtydeatiiey Henye diffedipirenfodusasit e on an
15 that serve as proof that the marked article is genuine. Thus, for example, data regarding
the origin, manufacturing history, or other information on an IC package or the like may
be provided in a protected and proprietary font. Similarly, IC packages or other goods may

be marked using techniques such as laser ablation, ink jet printing, and others.

20 BRIEF DESCRIPTION OF THE DRAWINGS
The disclosed embodiments will be better understood from a reading of the
following detailed description, taken in conjunction with the accompanying figures in the
drawings in which:
FIGs. 1A, 1B, and 1C are plan, cross-sectional, and detail views, respectively, of
25  anintegrated circuit package that is marked according to existing techniques;
FIGs. 2A, 2B, and 2C are plan, cross-sectional, and detail views, respectively, of
an integrated circuit package according to an embodiment of the invention;
FIG. 3 is a side elevational view of a device capable of providing coaxial
illumination of a mark according to an embodiment of the invention;
30 FIGs. 4A, 4B, and 4C are, respectively, plan, cross-sectional, and detail views of
an integrated circuit package according to another embodiment of the invention; and
FIG. 5 is a flowchart illustrating a method of forming a security feature on an

integrated circuit package according to an embodiment of the invention.
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integrated circuit package according to an enbodi nent of the invention. For
sinplicity and clarity of illustration, the drawing figures illustrate the
general maonrero/w@féogonstructi on, and descriptions and detrairits2ai/ogmbi - known
features and techniques may be omtted to avoid unnecessarily obscuring the
di scussi on of the described enbodi nents of the invention. Additionally,
elenments in the drawing figures are not necessarily drawn to scale. For
exanpl e, the dinensions of sone of the elements in the figures may be
exagger at ed refaitjimpliaity agd glarityepfafariagon, shandipying figuesy dllustate tha ganaichg of
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such st epglec@ge ffntlseidmshtsherein is not necessarily the only order in which

e omPLod and By BBy U bioRal- SPEs - HE et Peda rior PR OGS bl y be

added to thel4amt pshy, MY utdiegonBEtmeuibhitg baHEE s RIRIN®Ats and hitGlet@uily " have, "
and any variations thereof, are intended to cover .a non-exclusive

i ncl usi on forelseqsibinge Pagtioylas sqayentiak iy ghgppologicpl qrler, Tt dy to bs yadesstoed thpfdhe

conpri ses @nki &f y@dd @leMMALRanbSbRONMECHFPGHriatey clréuRstablst Quchhfge gl ement s,
but may include other elenents not expressl isted or inherent to such

I
process, REbAGEentaf thejiayengen desgabethezein elr EKargple.| aapable of peggpn in  f r ont ,
"back,15 " QRichcos BALLRHR thoscQl Riraicd oHBHEAvise RASLENGerkib Kemithey: hie, fERGI i pti on
and in the clains, if any, are used for descriptive purposes and not
necessar i liydgsenbeddweain by eammpsmgemsencs plestensi the qudesiof isehsstepstas ipseseede
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ci rcumst ances Such that e ments o nt1on descri herein
are, for exdweplaed scppabl @osiblopeemiticdand/or certain other steps not described herein

may possibly be added to the method. Furthermore, the terms “comprise,” “include,”
20  “have,” and any variations thercof, are intended to cover a non-exclusive inclusion, such
that a process, method, article, or apparatus that comprises a list of elements is not
necessarily limited to those elements, but may include other elements not expressly listed

or inherent to such process, method, article, or apparatus.
The terms “left,” “right,” “front,” “back,” “top,” “bottom,” “over,” “under,” and
25  the like in the description and in the claims, if any, are used for descriptive purposes and
not necessarily for describing permanent relative positions. It is to be understood that the
terms so used are interchangeable under appropriate circumstances such that the
embodiments of the invention described herein are, for example, capable of operation in
other orientations than those illustrated or otherwise described herein. The term “coupled,”
30 as used herein, is defined as directly or indirectly connected in an electrical or non-
clectrical manner. Objects described herein as being “adjacent to” each other may be in
physical contact with each other, in close proximity to each other, or in the same general

region or area as each other, as appropriate for the context in which the phrase is used.
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other orientations than those illustrated or otherw se described herein.
The term "coupled,"” as used herein, is defined as directly or indirectly
connect edwprzosmi4edoect ri cal or non el ectrical nmanner. Qopetits2deservbed
herein as being "adjacent to" each other may be in physical contact with
each other, in close proximty to each other, or in the sanme general region
or area as each other, as appropriate for the context in which the phrase
is used. Gccurrences of the phrase "in one enbodinent” herein do not
necessar i IGecrdncesedfahe phyasehan erenanbogdisesat namin dpprimecesrrpEstrgfETodhe OF THE
DRAW NGS Lioner&ithadi ment of the invention, an integrated circuit package
conpri ses a package substrate, an electrically insulating naterial adjacent
to the package substrate, and a nark on the electrically insulating
material. The mark is i ‘ﬁﬁﬁﬁpen the mark and the
electrically |nsulatl%%ﬁﬁg%gﬁﬁh?ﬁygbﬁggﬁgﬁze %ﬁhh mark and the
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speci al i zeig didcgiviaily thselatieh ateris aretelﬁp@seadﬂhoagialalnumdﬁmtn on&de dndypeiment
security not avai.l able th existin cka e security markings. As an
exarrpllé, aﬁaldafsreﬁrlf}ﬂ%eé}aw Yes diresie ‘i‘bSthE THES ¥R aP%ngli

i nvol ve ngnke tsoRler ads@t NRdteri4l aiablaesdéaﬁtersu@ardel@ﬁghnbssgthw RJ n6 aRelet thans but
are visible under "bright field" or coaxial |Ilun1nat|on Such mar ks cannot

be made WiePPFOEBRESHICBRAImes gecater thap iedlstegdics IQUShRESS i nfrared lasers or

green |asers) eREBARkYs e infedidod lﬁacﬁéfeagﬂ &thlentqg%FJaﬁorp 6f Wichdd aﬁatt g/ native
schenmes such as ink-jet prlntlg%& Accord |ngﬂr¥i,g such e useful in
g

t he det ectvisge &aly espeshdiecdotighima roaditiens jthiy adingnay a‘ﬂfb“%ééﬂ?’b obrovi de a
r ObUStlerEfs&%tJ 1t a@aﬁfa@fétvh@%x%ftmgﬁé ﬁ&&qgeos%t:ﬁlﬁy n(ahémgshsélk' LA cREnfI0LGE . hat the

ternms "infrared" or (1 aser " wavel ength greater” than 760 nanoneters

(nm), "grdethsr d(SM@férbmwméﬁ@mqmappﬂmnmﬂm ivel3e maps thag gep nagvistde/i ol et ™
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mean | asers of c arac stic mav engt h, versely proportiona
to illumination. Such marks cannot be made w1th conventlonal laser marking tools (e.g.,

infrared lasers or green lasers) commonly used in the packaging industry or with

20  alternative schemes such as ink-jet printing. Accordingly, such marks may be useful in the
detection and deterrence of counterfeiting and may be used to provide a robust method for
detection of pirated parts. (It should be noted that the terms “infrared” or “IR” (laser
wavelength greater than 760 nanometers (nm)), “green” (laser wavelength approximately
532 nm), and “ultraviolet” or “UV” (laser wavelength less than 400 nm) and the like are

25  used herein to mean lasers of characteristic wavelength, which is inversely proportional to
photon energy.)

Referring now to the drawings, FIGs. 1A, 1B, and 1C are, respectively, plan, cross-
sectional, and detail views of an integrated circuit package 100 that is marked according to
existing techniques, and FIGs. 2A, 2B, and 2C are, respectively, plan, cross-sectional, and

30  detail views of an integrated circuit package 200 according to an embodiment of the
invention. FIG. 1B is taken at a line B-B as indicated in FIG. 1A. Similarly, FIG. 2B is
taken at a line B-B as indicated in FIG. 2A. Furthermore, FIG. 1C depicts on an enlarged



photon energy.) Referring nowto the drawings, FIGs. IA 1B, and 1C are,
respectively, plan, crosssectional, and detail views of an integrated
circuit paokape41®d that is marked according to existi ng@Crashonogess; and

FI Gs. 2A, 2B, and 2C are, respectively, plan, cross-sectional, and detail
views of an integrated circuit package 200 according to an enbodi nent of
the invention. FIG IBis taken at a line B-B as indicated in FIG IA
Simlarly, FIG 2B is taken at a line B-B as indicated in FIG 2A
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FIG IB, gg}dogz{ﬂ (Fdic&q deRicchs on an enl arged scale a portion 201 indicated
in FIG 2B. As illustrated in FIGs. 1A-1C, inte!g(rated circuit package 100
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tool, so galdued Agicaus €itsidn 0d pao@k@bate dalalngklistinpaadtedde2@ent er of the
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greatly changed fromthe original surface roughness of the material. This
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essential in order for a mark to be visible. (It should be noted that the
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out of electrically insulating material 120 to a dep 35, which typically
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f
controlle epth on i1ntegrated circult ages or othér electronic
packages. like are used herein to mean “perceptible to the human eye.”)

As illustrated, mark 130 has been carved out of electrically insulating material 120

20  to a depth 135, which typically ranges between 4 um and 16 um. Green laser marking
tools and the other marking tools are not precise enough to carve out a mark of lesser or
more controlled depth on integrated circuit packages or other electronic packages. It
should be noted that future technology generations will likely have electrically insulating
layers that are less than 16 microns thick due to assembly dimensionality constraints.

25 A surface roughness of mark 130 is approximately 100 or more times greater than
a surface roughness of electrically insulating material 120. (It should be noted at this point
that all surface roughness values given herein correspond to the R, metric.) A typical value
for the surface roughness of electrically insulating material 120 might be between
approximately 15 and approximately 55 nm, while a typical surface roughness for mark

30 130 might be approximately 5-8 micrometers (hereinafter “microns” or “pm”). As
mentioned, differences in surface roughness of this magnitude create contrast with
background surfaces through the differential scattering of light that in turn allows mark

130 to be visible.



shoul d be noted that future technol ogy generations will |ikely have
electrically insulating layers that are |l ess than 16 mcrons thick due to
assenbl y wormengi4oval ity constraints. A surface roughnes®CofUso@nk29%30 i s
approximately 100 or nore tinmes greater than a surface roughness of
electrically insulating material 120. (It should be noted at this point
that all surface roughness val ues given herein correspond to the Ra
metric.) A typical value for the surface roughness of electrically
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20 One of the definitions of so-called “cold” ablation is a material removal process
that involves an orderly breaking of C-C and C-H chemical bonds by the “photo-chemical
dissociation” mechanism that has ablation depth much more controllable than the
explosive or evaporative displacement of material characterizing thermal ablation and thus
is capable of producing marks that are very smooth, i.c., marks that have surface

25  roughnesses close to that of the material in which they are made, and that do not change
the inherent color of the material surface freshly exposed after ablation. Because of this,
such marks are characterized by a lack of contrast or by a very small contrast between the
mark and the surrounding surface, and are thus invisible or are difficult to see under
normal lightning conditions (defined herein as lighting conditions in which the light

30  striking an object does so at multiple different angles).

In the illustrated embodiment, mark 230 comprises a concave feature in electrically
insulating material 220 that has been carved out of the electrically insulating material to a

depth 235, which may typically be no greater than 5 um, a depth well-suited for the
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herein. One of the definitions of so-called "cold" ablation is a materi al
renoval process that involves an orderly breaking of G C and C-H chem cal
bonds by wbeoloplaatse- chem cal di ssoci ati on" nmechani sm t h&CThsg01aloksbi on
depth nuch nore controll able than the expl osive or evaporative di spl acenent
of material characterizing thermal ablation and thus is capabl e of

produci ng marks that are very snooth, i.e., marks that have surface
roughnesses close to that of the material in which they are nade, and that
do not chaHger (Fd-1hHey slrctriealbo isplipting, yprtofrfugire dghrdesy gaegHPyp. dxposed
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550 nanoneters. A typical value for the surface roughness of electrically

i nsul at i ngougheass belpw aprrongiely ¥ metfolespmploping s mededn § tprahspldgneesist
appr oxls rmth@éfi}fg 2 ?urﬁl'g@: roW?fn{e@s & abﬁ(&kﬁ?&ltely';% ﬁlﬁ%r 5ﬁﬁﬂﬁpﬁ§§exks@temlbg nés0 m ght
be between approxi matel’y 60 nm and approxinately 1 nm ment i oned,

di f f er encervijible s the aded erugtdnerpsmalflighiigcardigant ude create very little

contrast, Wa”ima&gﬁb_\%é Kn\g%’ﬂgei& d'ifggtg?obh&ec(?nlna Pl lri?]':[iq%tcgn(ﬁﬁ sg der

normal |ighting conditions. Tt mark as a surtace toughness ow
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conditions under which mark 230 may easily be detected, as will be explained
20  immediately below, thus further increasing its usefulness as a security feature because, for
example, this characteristic acts as an additional barrier to counterfeiting. It is a
characteristic of mark 230 that a visual contrast between the mark and electrically
insulating material 220 is maximized when the mark and the electrically insulating
material are exposed to coaxial illumination (see below). This characteristic may be
25 achieved, for example, by creating surface roughnesses for the mark and the electrically
insulating material that are in the ratios or ranges discussed above. Note that in this
embodiment it is a physical property of the mark (its surface roughness compared with
that of its background) that maximizes the visual contrast under coaxial illumination, even
though it may be true that the described result of this physical property is only detectable

30  through an act of observation.
Coaxial illumination, sometimes referred to as bright field illumination, is a
lighting condition in which an object is illuminated from precisely the direction of the

imaging lens (e.g., the same direction from which the object is viewed). In practice this
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havi ng a surface roughness of approximately 30 nm for exanple, it is
expected to be nearinvisible to the naked eye under normal |ighting

condi ti o0 2bfo/aeg9k 230 were invisible or difficult to aerastomoekesol al |
lighting conditions it likely would have limted useful ness as a security
feature. There are, however, lighting conditions under which mark 230 may
easily be detected, as will be explained i mediately below, thus further
increasing its usefulness as a security feature because, for exanple, this
char act er imgirequie spesialized wiensing deyied. apwiicdirthes disgusneddrolesy micegnection | s a

charact er gl pIcRf3 TR & gé%ﬁlé‘acfoaﬁalvﬂlﬁhhﬂlan&? RHal ARt uRAH WEChel RECHRI kf and

electrically insulating material 220 is maxin zed when the mark and the
el ect ri calsmpothrisaihias iondlatrar eearkl fladserfesep oge dutt ghe ek phFeaiurdsumtatat ¢on (see
bel ow) . Thj Ny AGHSHLL Sihak REARPI n anple, by creating
surface r%ﬁ% i géle aﬁn% aheglafr:%%}li gﬁ' L§MH$’EC[IJI’9I %:Sg ly insulating materi al
that afe in t hEIG at isos side cleantipmsl dﬁwmj‘sasé@uabﬁ)@ecapm ef phatdiigncdakiab

enbodi ment. sica ert ( rface rou hness
conpar ed \}\%h{nﬁm%tf?n Of(%fa L %3% fo ugd;)%un rSttoPn(ti ﬁatrrtaﬂglij%} z?’els1 tral%JOHVIS SUST*"¢ont r ast
under coaxi alst drlel demicaat ligining extmrgetnlamwguh of manyatiatbeayt hfelmlithﬂ‘lafortphﬁldi% cri bed

result of thi si.cal rty is only detectable through an act of
observat i 83”%6@5?%/ UOPIOFBW% ion, sonmetimes referred to as bright field

illum nation, s 1léhlsjtrat§dﬂirl G, Gpﬂ@ildei 300 dompYikes GrhoakingB] Ecéntdising b Inirfonat ed

from preci direction of the imaging lens (e.g.,. t sanme .direction
from whi ﬁgf H%a%ﬁ étcazppf%m{ﬁtg%é ‘Egrﬁe 6‘?@%@%@%&%@3 Sﬂéﬁiglfsr Yeci al i zed
vi ewi ng deyvi. Q@moﬁ&Wehbct@@nl{r Fﬁrt bﬁﬂhe db18 GasEatualioWiidg somBRetliitddest t h FI G
3. As an exang coaxi al um nati on may_ be useful for the detection of

smoot h f edighirtBough Whegea light souseq 33 14iy mpdeigrshige dado hpusing 311 aad optyenigf ¢ of

features apeahechifht @tL&IhMeArliat REUSAS Gk BG &f h@lre&%ﬁhn(ﬁc%t&i% gf resist
by a W laser. FIG 3 is a side elévational view of a device 300 capabl e of

provi di ng 2EB%3A! Light rgfieciag P&rmask 23 ke dBertion PPRIBEIATOBS 4l Haer Bembyl t hat
the FI|G 371e'vJeh'ﬁ%Ha%to{f@ﬁbu'sﬁg§[‘1 S RERhE itthe Hl‘lj&hoﬂ)&earfé)@\yﬂﬁe or lighting

arrangenment out of many that nay be suitable provi di ng coaxi al
i |lum nation oft wairmkenfigged ahgvd thpt the ﬁlm@@rlsmslim@tmgthed@wblh@ doorledfthri ses a

housi ng 311 GONY AuRiRSoR cSHdid (BE fbfejs Eﬁﬁﬁﬁ&aﬂayap& QP EhY nirid iy degr ee

angle with respect to the si
many 51tuat10ns this addltlonal layer of securlty is a desirable feature but in some

situations, such as where a coaxial illumination device is not available, it may be
20  unwelcome. Accordingly, in some embodiments of the invention, a mark may be created
with a UV laser as described above but modified so as to artificially provide enhanced
contrast with the surface in which the mark is created sufficient to enable the mark to be
seen under normal lighting conditions. Such modifications are described with reference to
FIGs. 4A, 4B, and 4C, which are, respectively, plan, cross-sectional, and detail views of
25  an integrated circuit package 400 according to an embodiment of the invention. FIG. 4B is
taken at a line B-B as indicated in FIG. 4A. FIG. 4C depicts on an enlarged scale a portion

401 indicated in FIG. 4B.
As illustrated in FIGs. 4A-4C, integrated circuit package 400 comprises a package
substrate 410, an electrically insulating material 420 adjacent to package substrate 410,
30 and a mark 430 on electrically insulating material 420. In one embodiment, electrically
insulating material 420 is a solder resist material, a die attach film, or the like. A die 440

sits on or is located above electrically insulating material 420.



311. Mrror 321 reflects only part of the light incident upon it, letting
sone of the incident light through. When a |ight source 33 1 is nade to

shi ne i ntwohlouwsi4ng4311 and onto mrror 321, the mrror ®Crastaosersel of t hat
light onto mark 230 in a direction indicated by an arrow 341. Light
reflecting off mark 230 in a direction opposing arrow 341 may then be

vi ewed from above housing 311 by looking in the direction of arrow 341. It
was nentioned above that the characteristics limting the visibility of
mark 230 to colxthaillustratedhemkpdinaant. deaiki#4Q eﬁseareéplﬁleeeﬁ% BperafdreTRIHa | ayer
of secur i b¥eoflat MuFBAK clpdBedBNisblinl A Q0P 4y AAIh B3Lg LAYATNOT

securrty is a desirable feature but 'n sone situations, such as where a
coaxi al i lclegtticalit ir@miatdevme‘@rlﬂlstorﬂ)ﬂemh'éﬁﬁ,a‘{ﬁhléh lilge qrmth B (ﬁlﬁeﬁ%rreay

Accor di nglyy;cql) b%OI{BE Joogmnts &f }fQS‘e fo gglﬁﬁgé M mak ARY i€ M eat ed

with a WV ase? asdscrr ed "above ut no ed so as to artr |cra
provi dé enbemciedtelo timest grodtdrithaniresusface mughness qﬂalecthncallryenrrdating rngltanaIeat ed

suf i ci entiob 0, PRABKE hBSHTBEK ol tB%0 SRS RS SNBRAEL.d 4 aRhIRG,ERRMI L] ons.
Such rmdrfr ca |ons are Cdescri be grence 10 B G R %‘ ahd 4C,

whi ch ar e rougaspeof blvefiya,llmhmtu,nm mmHB‘emt oatdbast amecenaleilamdnt, thewsfaod an
i ntegrated c [ CUi i.nventi on.

accor. to an enbodi nent of t
Flo oag | <ok b RN DB AFERAE £l intp e BB YA e vailengbl ot s on
an enl ar ged viid dgla (pREid hevind0 Ibel 570I @ablﬁiéieﬂs,l’lasl:ﬁl@t néfRionds abdveliSTypadad i n
Fl Gs. -4C int rated circuit 400 conpri se ckage strate
410, d elVgé‘FSﬁ%{: YR Loy RPFY Cﬁﬁfeé‘ir alfy sy atﬁ‘éj‘%ﬁ’éeér‘?pf‘%gﬁaotfl{%&éi%bst rate
410, and @adBé kindiaPtoRose| REdribeE Mdvy friSddkraail ghsiBLRS ndderifi200 ahih n2Re
enbodi ment,, electrically insulating material 420 is a_ sol der resist

mat eri al , 230 meptiopef bﬁfqrqndl%rremﬁ%lq puyrkace poughpesy 26 sughy Maggpfudgs Greats gcat ed

above el e%ryl 188 bontlafts Hedlih O halTBE €1l Rdrk 420). thitk 4he woulust ket gnlkedi ment,
mark 430 is created using a UV | aser and conprises a concave feature in

el ect ri calbrig toriseiuadar fgrpaltlghting comlgiong dlowrysr. e siptedaabordl meik 489 hene
el ect riscalpby, h@&lﬁb@tshd‘lllgth% &l LRlpid thdr qgﬂ?ﬁaﬁ‘ hél?félg M’dﬁllans A K& deRt be 235

(FIG 2B), may typically be no greater than surface roughness of
mar k 430 |esplweedmﬁ1ep4rheﬁarap’prem@|tprﬁfélﬁlﬁ 20 tines greater than a surface

r OthneSS of ei’@r‘fﬁ)ﬁ '4§?‘ ole%tE%}ﬁtléJi %‘r&ﬂgg J1(5’(‘)' c Z}ﬁgls@sng Ifcg'ves 0 %qd' ment s

may be no nore than ter-than tHe surlace oug ness of
el ectri calBy, amisddat(Thge nmanervi aioml@@ ar¢ nphawn |feradlustoniee ginpdesnerariout he
surface embodiments of the invention could alternatively contain more or fewer concave
20  portions.) Adjacent pairs of these concave portions, i.e., the pair including concave
portions 431 and 432 and the pair including concave portions 432 and 433, are separated
from each other by no more than approximately 5 um. In some embodiments the adjacent
pairs actually overlap. In other words, mark 430 is made up of a plurality of features (i.e.,
the concave portions just discussed) having the property that adjacent ones of the plurality
25  of features are separated from each other by no more than approximately 5 um. Each of
concave portions 431, 432, and 433 are, in the illustrated embodiment, created using a UV
laser in the manner described above in connection with FIGs. 2A, 2B, and 2C and are thus
each themselves a mark in their own right having the characteristics of mark 230. Among
other things, this means that the individual concave portions cannot be seen by themselves
30  under normal lighting conditions. However, the placement of multiple concave portions in
close proximity in the manner described artificially creates contrast with electrically

insulating material 420 sufficient to enable mark 430 to be visible under normal lighting

conditions.



roughness of electrically insulating material 420 is no greater than an
average wavel ength of visible light (taken herein to be 550 nanoneters, as
first nerwOanwdi4ad¥eve). Typi cal values for the surface POUGIS2ESH2%9DF
electrically insulating material 420 and of mark 430 can be simlar to

t hose descri bed above for electrically insulating material 220 and mark
230. As nentioned before, differences in surface roughness of such

magni tudes create very little contrast, neaning that, as for mark 230, mark
430 woul d be i Rif-si leé]O@’ﬁh%lﬂlyStW&ﬁ%iawt@ééoﬁﬁﬁgoﬁmﬁ’@ranﬁﬁ?urlt}’ éqqtqreh@n an

condi ti On%teé?’ﬁ’t\é‘@&%mt @a%ka?;% %Ec%%ﬁ’é;’%bvaﬁr crBdkm & Ot ﬁt%sin\%ﬁ&l RAlf L&hpruch that

it is visible under normal lighting conditions, as wll now be expialned
Wit h par t inethodr50p efiayrresudian thy form@tion of a Pl thehis 4milag o Inﬂtke@ﬂeth%cls gist cui t

package 4990&9{;}%&}? 2 SENEANS AR ELanLS nitdby 56§§1a?z| ad; 4 41?’%58 férmh&?oﬁé)”ca"e

portions are s i1'Tustrative purposes ous e iments of the
|nvent6onn@dumdnabm@thUnwbHylm@hsdwmmané}D#A#EMer concave portlons )

Adj acent pair SA Ofte&)'?;% 0?816 08%68 P3N en?ﬁraa mar‘kmg sur ace 09?116 1n{e%ra Hdl Qg concave

portions 431 and e pair-inc ncave porti ons 32%%nd 433,
are separ@mamgémmmn&amMﬂauh@nuﬁgmmmmmmm9mmm§nmampsmmhnaimwgmﬁﬂmmtmtn sone

enbodi nents .t he acen irs v | n ot her rds rk 430
e et upidees 20 bRErRleRBY Sl e OV EA Rsnedy FhDENER R et

di scussed)zAhza(v RIOF TG e4 04 apAaS hiyotiidd aianqm,al@eemrkmgasrfwe cafée Phuitiah of yn of

featur ara ed from each ot her nore than .a OXI ter 5 mm
Each c} [?8*5\9% ot ‘i‘tﬁlﬁ?%%“aiahahéozms arP& %walfl@grafeﬂ AWt B‘?Cﬁ(

embodi rrentthe $reets 8Hows iMBIGR. 2N 2Ca&RIFIGH 4AeCNBEdRdinglE Sif roln@@ﬁhb@cbmfﬁ in
connection with FIGs, 2A, 2B, and 2C and are thus each thenselves a mark in

their own the BAKINgaVTReE qomprissiar seldesresiyti nghe ramppnanotisr enprsigenst et ¢ hi ngs,
this neansp G@rhpﬁs@ﬁélé%%%/hsdt'kl@hlaﬁ%ﬁl‘{ﬁceoﬂi&rh@fﬂ& GAHLratRECIRER PadlMge

t hensel ves under nor nmal hti ng conditions. However, the placenent of
mul tiple él@ﬁe&@/érspwfa%wyghnﬁsw%@at%rﬂmﬁrﬂ)Wqﬁwtqrﬂhe manner descri bed

artifigially CAes%’épeﬁoco‘?%eﬁlﬁ)%ltso%st f BhEG & F&%A ¥f fh@%&éh{?}ﬁ% BEfa@@Wefe?ﬂ 420

sufficient to enable mark 430 to be visibte under norma gﬁrln
condi t i onghePp@ions of theamfrkipgshepae thit] lascm@\tedr@nﬁltm ﬁil@de@mmy turrmnﬁ ng a

security f\&ﬁl@#@ﬂ{ 8 Q&a@%ohga&s‘?q{e%e%g tﬁé rsgwrlfty R‘@a(f TS dr gaglgoﬁlgljkﬁ% §u?fa

enbodi nen the 1 nventio resu |n t he
fornatlonn@kHMZﬂhmkmtHauwmgnsnhMWanmﬂdhmmmhﬂmsemﬁhauuasmmmmhu)cowﬂd

illumination.

20 In one embodiment, step 520 comprises ablating the marking surface using a UV
laser. In a particular embodiment the UV laser is operated at a wavelength of 355
nanometers. In a particular embodiment, step 520 comprises ablating the marking surface
to a depth of no greater than five microns. In one embodiment, the performance of step
520 gives the security feature a second surface roughness that is no more than twenty

25  times greater than the first surface roughness. In a particular embodiment, the second
surface roughness is between five and ten times greater than the first surface roughness.

In one or more embodiments, step 520 comprises removing a plurality of sections
of the marking surface in such a way that adjacent ones of the plurality of sections are
separated from each other by no more than approximately 5 pm.

30 Although the invention has been described with reference to specific embodiments,
it will be understood by those skilled in the art that various changes may be made without
departing from the spirit or scope of the invention. Accordingly, the disclosure of

embodiments of the invention is intended to be illustrative of the scope of the invention
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shown in FIGs. 2A-2C. As another exanple, nmethod 500 may result in the
formation of a mark that is simlar to mark 430 that is shown in FlGs.

4A- 4C. A wDep10a@9ef net hod 500 is to identify a marki n@Csarst@om2wb1 t he
integrated circuit package. As an exanple, the integrated circuit package
can be simlar to integrated circuit package 200 or to integrated circuit
package 400 that are shown, respectively, in FIGs. 2A-2C and FI Gs. 4A-4C.
As anot her exanple, the marking surface can be a portion of an electrically
i nsul at i ngnerit et jingendedh za be Bpgaltpaitended thakthe neengradtteaiingptionishalpbe kage
such as t giR@rdnly0Rs RN by ik Fhy RO BerdBfl oS  Fot Asdple ARFBRALRY Y, i1
one enbodi nent, tthe marking surfacé conprises a solder resist. In the sane
or anot herordinsp shithenthe agt e pilbhoreediprppeient tha|tecinfeaptedsireiepavkiades aed sur f ace
a portion of i i | i i 3
roughnessﬂﬁbmgggé%gbﬁ%agﬁfgggbﬂgg%ﬁgggﬁgﬁgﬁ?g?égqgggm%?£§%%ﬁg%&%%gfis to
renoveSa pobodionntgfant timt therfkicgging diséweien ofrataai of thdse epbodiments dbestnoe mar ki ng
surface t Ral. 1.8,/ SIBY, CONSLE HULER NP B ESUBIddnoaatdiLe and wherein a

vi sual contrast ‘between f%é?securigy eature and the marking surface is
maxi m zed whenAttigosalyu bereyitsf @dfetiradvaanded, ad natukibmg tes probkes lave bexposed t o

coaxial illumnation. I n one odi nent , ep. 5 conpr.i ses lating the
o ki ng sdPFRRE R Teekt o Fes i Sm et 16 Chep s RRBU St TNE 0 aser
i S oper at @ebbddmsaamibang|ctnghhorafentdb thatmiyRigieSiny benedit, pavinkagt| @soltiodi ment
step %%0 conprises abl ating the narkkggﬁsurface to.a depth of np greater

than fi0ve 8T bAME ROTE RERPPAEH: NOVRHED 8¢ M8t Aake £oB1ISE &S B%8gi ves t he

security frepired®r &s&RRPREtuREY b A6BedtOsHRNSsS] $hBE clhitsno ndDre than twenty
times greater than the first surface roughness. In a particul ar epbodi nent,

the second sur MERVFoagheERent andBmyipins fisglasedyraaretiofdeligieaiodhe t han the
first surfaeR GRBIMPESErind i RORaRIn MRCnITRRtL RBANSY lidi@RNS4Q) &Rl | Ses
removing a plurality of sections of the marking surface in such a way that
adj acent GHressbrf claimed pnubaiclaiys: gnd &k i sarauetcg el equidlentsorh &RERS ot her by
no mong t RAmARREDY! RS M tiTRaifk LARY R dfoE‘tﬁlnlé Br&fivhRRshas been descri bed

i t
wth reference to specific enbodinents, 1t w be understood by those

skilled in the art that various changes may be nade wi thout
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departing fromthe spirit or scope of the invention. Accordingly, the

di scl osure of enbodi ments of the invention is intended to be illustrative
of the scwpeowfil4tése i nventionand is not intended to be [PCRIUS2019/029601 1 S

i ntended that the scope of the invention shall be limted only to the
extent required by the appended clains. For exanple, to one of ordinary
skill inthe art, it will be readily apparent that the integrated circuit
packages and the related structures and net hods di scussed herein may be
inpl emented in a variety of enbodi neh&Sand that the foregoi ng di scussion
of certai Ry tdgses gnbodi nents does not necessarily represent a conplete
description of all possible enbodi nents. Additionally, benefits, other
advant ages, and solutions to probl ens have been described with regard to
speci fic enbpdi\gent mbgggugﬁga&féénﬂﬁgﬂlntages, solutions to problens, and
any el enent or elenents {ha nag cause dany benefit, advantage, or sol ution
to occdr or beepmbagmubstpteconounced, however, are not to be construed as
critical, required, .or essential. feature elements.of any or all of the
cl ai nms. Nbregvg}gmg%ggﬁfﬁgﬁﬁgg%ﬁ%nﬁﬁﬁ$f%§Fﬁ%%mﬁ?%%ﬁggg'wh%@gin are not

dedi cat ed to t hengokilohithe dledigicaltyhmsdadter materidf wiledinctat inonk iif sicheth&ndodi nment s

and/or limtations. are not expressly. clained.in the clains;. and (2)
are o ar &R EGPeah i Rt FEPHF BieRbS BT e G SR at | ons
in the cl aihak themaek aide cloaticdllfensafatingbteahient spGleAtddp\¥abillumnadb@i med i s:
1. An integrated circuit package conprising: a package substrate; an
electﬁpcally insulating material adjacent to the package substrate; and a

mar k on the 2l egd mtcgakddtirciis pdcRidedd clARh €kihalein: Wherein the mark is such that
a visual contrast between the mark and the electrically insulating materi al
i s maxini zed wHERleHsallelpRulating Mafraiabgomrisesaoldgr fepistul ati ng material are
exposed to coaxial illumnation. 2. The integrated circuit package of claim
Iwherein: the electrically insulating material conprises a solder resist.

3. The i nt eghal baiingseragadicircyapdelips obFlatn AvierEiher ei n: the mark conprises a

concavg featur geigh it Bfinftls8CF L€k danir0fth ALk AHcAT LR afthg mAteridin€ 1 nt egrat ed
circuit package of claim3 wherein:
4. The integrated circuit package of claim 3 wherein:
the concave feature has a depth that is no greater than five microns.
5. An integrated circuit package comprising:
20 a package substrate;
a solder resist material over the package substrate, the solder resist material having
a first surface roughness; and
a mark on the solder resist material, the mark having a second surface roughness,
wherein the second surface roughness is no more than twenty times greater than the first

25  surface roughness.

6. The integrated circuit package of claim 5 wherein:
the second surface roughness is between four and ten times greater than the first
surface roughness.
30
7. The integrated circuit package of claim 5 wherein:

the first surface roughness is no greater than 550 nanometers.
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the concave feature has a depth that is no greater than five mcrons. 5. An
integrated circuit package conprising: a package substrate; a sol der resi st
mat eri al woeniwhesdpackage substrate, the sol der resist marasz@/ob®ei ng a
first surface roughness; and a mark on the solder resist material, the mark
havi ng a second surface roughness, wherein the second surface roughness is
no nore than twenty tinmes greater than the first surface roughness. 6. The
integrated circuit package of claim5 wherein: the second surface roughness
i s between fhulhaitperaiad dirweraickiasaf elein Aameele first surface roughness. 7.

The integrat edth%'séc%ﬂ&%ur@a@@l‘ﬁ@&e@sﬁs‘Pés@!h% So0MabALQrs, the Tirst surface

roughness is no greater than 550 nanoneters.8. The integrated circuit
package of claim7 wherein: the second surface roughness is |ess than 300

nanoneters. §. Tﬂ'guﬁtel e%%'ir@ﬁl?ﬁacﬁé%coliﬂclta npg%@lggl of claim5 wherein: the mark

conprises a concave® eature ¢ sol der resist material. 10. The

i nt egr &t ed ci r twinarlpaokages ofoncdvaifent@e whibe silder r¢shemetondave feature has a
depth that is no greater than five mcrons. 11. The integrated circuit
package of claimb5 wherein: the mark conprises a plurality of features,
wher ei n ad] akefibe mrgmtaficitiiepgokagealf claym Ofwhbeat ur es are separated from each
ot her by no nore than mcrons. 12. net hod.of .form ng a security feature
on an i nt ogr at B LRy RpUSTER A P AREHOA LOREYTERHES. | dent i fyi n a

mar ki ng surface of the integrated circuit package; and F enovi ng a portion

of the marking. surface; wherei t he portion. of the marking surface that is
r emovéd cons][‘1 wieepafrd Céré‘élh]i’*}cp%efogﬁlla&? awhgig

the mark comprises a plurality of features, whereln adjacent ones of the plurality of

features are separated from each other by no more than 5 microns.

12. A method of forming a security feature on an integrated circuit package, the
15  method comprising:
identifying a marking surface of the integrated circuit package; and
removing a portion of the marking surface;
wherein:
the portion of the marking surface that is removed constitutes the security
20  feature; and
a visual contrast between the security feature and the marking surface is
maximized when the security feature and the marking surface are exposed to coaxial

illumination.

25 13. The method of claim 12 wherein:

the marking surface comprises a solder resist.
14. The method of claim 12 wherein:
removing the portion of the marking surface comprises ablating the marking

30  surface using a UV laser.

15. The method of claim 14 wherein:
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a visual contrast between the security feature and the marking surface is
maxi m zed when the security feature and the marking surface are exposed to
coaxi al iwbanmiomarisen. 13. The net hod of claim 12 wherei RCTIUsSR0IMRIGD N
surface conprises a solder resist. 14. The nethod of claim 12 wherein:
removi ng the portion of the marking surface conprises ablating the marking
surface using a W laser. 15. The nethod of claim 14 wherein:renoving the
portion of the marking surface conprises ablating the marking surface to a
depth of no grawamegt %arporﬁl(‘xﬁeofrﬂ@r waking) girfagh somptiyes hblsfing |thg matking ur t her
conpri si gy, fQRES Ahd Ao ddCdd¥er B e flicrBnvavel ength | ess than 400 nanoneters
or at a photon enefby greater than 3 eV. 17. The nethod of claim 12
wherein: identifying the marking surface conprises selecting as the nmarking

surface a poﬂi&99m8&0§Eﬁﬂﬁﬁg@Qﬁﬁﬂﬁgoﬁ%fﬁﬂit package having a first surface

roughness no greater an nanomnmet 18. The nmethod of claim 17

wher ei A: r enovbpagatingehg M fagm abh Wavelemgn kisy thas 40P ageongitare sr bthepeseour i ty
feature a ggcoq%mgy&gaggvroughness that is no nore than twenty tines
greater t FARSY BEFT T8t Slr f ace roughness. 19. The nethod of claim 18
wherein: the second surface roughness is between five and ten tines greater

t han t he firﬁ%3ﬁ¥%%ﬁ8§?ﬂ$ﬁ§n%§%%f'20' The nethod of claim 12 wherein

renoving the'p %Y surface conprises renoving a plurality
of sections of idehfyimgrikit n@arkiug fsadtecl Conglisds eelowdilig tabahe athridsentrfanes of the
plurality of. sections are se.araied fron1QFch of her qY no nore than 5

m cro portion of the integrated circuit package having a first surface roughness no greater than

550 nanometers.

18. The method of claim 17 wherein:
removing the portion of the marking surface gives the security feature a second
15  surface roughness that is no more than twenty times greater than the first surface

roughness.

19. The method of claim 18 wherein:
the second surface roughness is between five and ten times greater than the first

20  surface roughness.

20. The method of claim 12 wherein:
removing the portion of the marking surface comprises removing a plurality of
sections of the marking surface in such a way that adjacent ones of the plurality of sections

25  are separated from each other by no more than 5 microns.
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