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1 Description  Method for singulating a group of semiconductor
packages 5 and comprising a plastic molded body. The invention relates
to a method for singulating semiconductor packages along a
predetermined separation area extending between them. In the

predetermined 10 separation area, there 15 a metallic layer extending over
at least a partial section of the predetermined separation area, in addition
to a plastic layer consisting of the material of the molded body. 15 A
semiconductor unit/semiconductor chip/semciconductor package is
manufactured using a process divided into-a multitude of individual steps.
A typical process is disclosed, for example, in WO 2007/005639 A2 and

copupyises e folowing,stens: 20 TyRigaly. pstolall 3 le ch{%rPe ackages
produced by punching out from a coppersheet or a coppeﬁm ,and a die
amndineomphéshad postasddiin thelewdiffaedyand then contacted by
means of fine gold wires, electrically 25 bonding the contacts of the die

and those of the lead frame. Lead frame and die are then molded in a

pé@@gérpfrﬁfnaﬁlyrsenﬁﬁgt@qorbteo@ nggh@@ﬁvb agai n§tidmégé and
environmentalimpacts, 30, Ta test {he dies, P%’d@ﬁ@fﬂi‘%@g‘e N aration
package, for their operativeness, they are electrically isolated from each
othef catdeast pariallyb ftas wolatioireut I Thé Benfewmitictsrehissiare

9@Q@§9B%T8@N%£Qﬂﬂecgﬁéw@his a metallic layer extending over
at least a partial section of the predetermined separation
area, 1n addition to a plastic layer consisting of the

material of the molded body.

A semiconductor unit/semiconductor chip/semiconductor
package is manufactured using a process divided into a
multitude of individual steps. A typical process is
disclosed, for example, in WO 2007/005639 A2 and comprises
the following steps:

Typically, first of all, a lead frame produced by punching
out from a copper sheet or a copper foil, and a die are
joined. The die is positioned in the lead frame and then
contacted by means of fine gold wires, electrically
bonding the contacts of the die and those of the lead
frame. Lead frame and die are then molded in a package
primarily serving for protecting the die against damage

and environmental impacts.

To test the dies, now located inside the package, for
their operativeness, they are electrically isolated from
each other, at least partially, in an isolation cut. The

semiconductor chips are still mechanically connected with
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2 each other, so that they can be rolled up, for example, in the manner of
a tape. In a last step, the plastic molded bodies, i.e. the 5 packages of the
individual semiconductor units or semiconductor chips, are singulated. To
singulate the packages, they are completely separated from each other,
usually by means of a mechanical sawing, cut. Alternatively, the packages
are separated from each other 10 with th€ help of a laser. After their
singulation, the semiconductor units are packaged, so that they are read .
o Wt Tt gonera e SifTerfiited Bottioehecurbg-AOE foire, in
mobiatedk(Tihrougit-Hole Feehnology - THT) and surface-mounted
(Surface-Mounted Devices - SMD) semiconductor packages. A special
type of surface-mounted packages is the QFN (Quad Flat No-Lead)
packagel AsQF hitpackage dasoscontacts prettuding icver the packdge
edge,,as is known, 20 from other. kage t in.the form of the typical
p%%c /]ia&?é( p%%,kgéee islgc]()]l de rle%B(% r(1i t%@%%%%ﬁ}fg%g gf %%lgasck%ge and
isprarticuady wiell suited pdue torits earnpadtness, -fof encbilededmibalst he

such-as, Jasexample, gellulattglapones. E’Q&;%aeé%dz%%n”o‘}ﬁeefgl%%w%‘gher ,

the process step of singulation shall be explained in detail.
LasararhadhiRingsretesses for Smguftingssensieonductorpackages have

bean litle successful so.far besausedhe achievableedge quality aadi30 tner
process speed are too low. A mechanical sawing process fulfills the

regufrénietts B6Rcerfifngiproeess spédd: But the fifetifme cithe s blalies
isshert-dechange the saW 3re packaged, so that they are ready

for dispatch.

In general, one differentiates between through-hole
mounted (Through-Hole Technology - THT) and surface-
mounted (Surface-Mounted Devices - SMD) semiconductor
packages. A special type of surface-mounted packages is
the QFN (Quad Flat No-Lead) package. A QFN package has no
contacts protruding over the package edge, as is known
from other package types in the form of the typical pins.
A QFN package is soldered on the lower surface of the
package and is particularly well suited, due to its
compactness, for mobile terminals, such as, for example,

cellular telephones, PDA's, etc.

In the following, the process step of singulation shall be
explained in detail. Laser-machining processes for
singulating semiconductor packages have been little
successful so far, because the achievable edge quality and
process speed are too low. A mechanical sawing process
fulfills the requirements concerning process speed, but

the lifetime of the saw blades is short. To change the saw
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blade, the process has to be Interrupted from time to time. The
above-mentioned document WO 2007/005639 A2 as well as 5 US
2003/0160315 Al both mention alternatives to the above-described
singulation methods. WO 01/57922 Al discloses the singulation of the die
packages by means of a mechanical sav\yéng cut. US 6,872,599 Bl
discloses a variant of the mechanical sawing process. The semiconductor

1% ngléagetsheére sin%uelgtsedhgnsst%%d 8fe by a single wide S?\évg}f(‘; cut, by

means of severa?ﬁgrrow sawing cuts car%iga%u Bg}:a?l%l (0] eacht(%fﬂeer.tl?

istthei¢ask of the present invention to provide an 15 improved method of
singulation of semiconductor packages. According to the invention, the

task is solved by a method with the features mentioned in claim 1. 20 The
séihieoadostor packdgesstd bosmgalatediareddribinedan @ groupandell as

C‘Hg(p%% ?H?f%ft%%'dﬁﬁ bo hTQSDSEQ%“A%%%UQ&SP@80%%“‘%E%re, above-
packages is effected along a predetermined separation area, wherein, in
thespredetesmirted separation ared, losietalitKlayer éxteRdingl25loverlatses

leagta parial section, ofthe predgtermined separation greg,has, o be cut

through in addition to a plastic layer consisting of the material of the '
nBfdEtRBediA ThearmethbdTer singdlsting the s@micdndlictstlsatkages variant

copprises thedellowing steps; 30, making-a grogve inlg e, nquctor
predetermined singulation area of the semiconductor packages by laser

eRGralee Feri®¥ing By HhisAaser eddrabimgcatdéast patt 6Fithe 12 niktdfic
laygr.extgnding, inthe predetenringd-singilation-areg, 88ding cuts carried

out parallel to each other.

It is the task of the present invention to provide an

improved method of singulation of semiconductor packages.

According to the invention, the task is solved by a method

with the features mentioned in claim 1.

The semiconductor packages to be singulated are combined
in a group and comprise a plastic molded body. The
singulation of the semiconductor packages is effected
along a predetermined separation area, wherein, in the
predetermined separation area, a metallic layer extending
over at least a partial section of the predetermined
separation area has to be cut through in addition to a
plastic layer consisting of the material of the molded
body. The method for singulating the semiconductor
packages comprises the following steps:
- making a groove into the predetermined singulation area
of the semiconductor packages by laser engraving,

removing by this laser engraving at least part of the
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- subsequent complete separation of the semiconductor packages by
means of a mechanical sawing cut along the Spredetermined separation
area. The invention is based on the following knowledge: The technical
problems in connection with the singulation 10 of semiconductor packages
can be avoided by separating the semiconductor packages using a
two-step method. First, a groove is cut info the predetermined separation

area b%t\éfon th?t semiconduct%{ packa e%aﬁ)éoperrlé/ds{%faking. This

groor{}% 5 geﬁgra &d %§ Iaesxetreerﬁg%él\ﬂngl. m&ans that 15 the ?naterial

of theisemitanductorpackagesds removed in the area of the groove by

the laseybeam, ihe backages being.in his way incised or seratched Tne
metalfic Fay%r, present in the prec? srmined singulation area, 1IS'In his way
rem@vatk &b teash pantizdly sThd neetakic28rayerlis preferably partaofehg the

lead fg_,aerag.tghen& Iye]% sgg%orna(ligfgor{ paa]_;:{gges are completely si.ngulated
along the pre(fetermlne eparation area by means of a mechanical saw.
25 The method according to the invention combines the advantages of a

laspr-baser senayating metbod and thase pha mephanical separaing

method. As the laser beam does not separate the semiconductor
packages completely from each other, the method is considerably faster

that 8 puee iaser 30 ?_598_%?%1@,"rﬁr}?r@gﬁ%@&(‘i%p%@@hwm%é A G gulation
sawing process, the lifetime of the saw blade is significantly higher,

bédausethe Yaskt ErRjfaving opefatiorriadalréatiépioved paPofthelng the
metal fram the-eutting area gt the saw S bladg, Copsgauentythe lattes, o

has contact with less metal when separating the semiconductor packages.
AFRERNR |a7erS Preférdbly fdmmadtsPFart bR tHerdageparation area

between the semiconductor packages properly speaking. This
groove 1is generated by laser engraving. That means that
the material of the semiconductor packages is removed in
the area of the groove by the laser beam, the packages
being in this way incised or scratched. The metallic
layer, present in the predetermined singulation area, is
in this way removed, at least partially. The metallic
layer is preferably part of the lead frame. Then, the
semiconductor packages are completely singulated along the
predetermined separation area by means of a mechanical

Saw.

The method according to the invention combines the
advantages of a laser-based separating method and those of
a mechanical separating method. As the laser beam does not
separate the semiconductor packages completely from each
other, the method is considerably faster that a pure laser
process. Furthermore, as compared with a pure sawing
process, the lifetime of the saw blade is significantly
higher, because the laser engraving operation has already

removed part of the metal from the cutting area of the saw
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5 frame, is embedded in the molded body of the semiconductor packages.
The metallic layer is spaced less from a large side of the semiconductor
package, designated as contact side, than from another large side
situated opposite thereto. That means that, viewed from the contact side,
10 the metallic layer is embedded in the molded body near the surface.
According to an advantageous embodimént of the method, the groove is

ade/cut into the semiconductar kages from 15 the contact.side. By
ihaocaptehi el R e g L e £

large: partwdidne metallic tayey cah besemaveddyclaser eagraxingsfrom
the predetermined 20 separation area. Viewed from the contact side, only

little molding material of the plastic molded body is present above the
metalkd lYyer wliereas theessentiah partof tive plastic molded bodize lead

extends below %‘1&%?&%%? layer. By %Po‘i'ﬁ@g Iaser engrayind 1o Ine - o quctor
contact side of the 25 semiconductor packages, a I%lrge part of the metallic
lagersaybe reflovetdion thecpretietermined separatiba ased withoat Large

having o gut g yer daer,.grapve Jptodhe,semiconguctar packades. contact

Therefore, the method works faster and the semiconductor packages
repiain mécianidallyBREs e d WitHathdthérl Whidte facilipates tieir

further processing: §,AceQrdingfo anptheradvaniageots emhediment of e
the method, the lateral width of the groove cut into the die package by

laBPeRGiaving: abdmatly esrreEraitiia® the chfthgiwitideof thedy near the
meghanigcal sawing cut, i.e. the 5 lateral width is equal or smaller then the
cutting width of the mechanical saw. The lateral width is the extension of

the groove in a plane normal to the impact direction of the laser beam.

Thresghdhisgneaswe, adpasicaybsaeod edge guality ofthe he method, the
cut/singulated semiconductor packages 10 can be achieved. This will

b8 RVident AIRT tHetfoaWing cbnsidiafisiuctor packages from

the contact side.

By making a groove into the contact side of the
semiconductor packages, a large part of the metallic layer
can be removed by laser engraving from the predetermined
separation area. Viewed from the contact side, only little
molding material of the plastic molded body is present
above the metallic layer, whereas the essential part of
the plastic molded body extends below the metallic layer.
By applying laser engraving to the contact side of the
semiconductor packages, a large part of the metallic layer
can be removed from the predetermined separation area
without having to cut a very deep groove into the
semiconductor packages. Therefore, the method works faster
and the semiconductor packages remain mechanically
connected with each other, which facilitates their further

processing.
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With the help of laser engraving, the metal of the lead frame is removed,

at least partially, from the cutting 15 area of the mechanical saw. Due to

the thermal effect of the laser beam, however, a groove with an unperfect
edge may be produced. In particular, the molded body may melt in an
undesired way or may be damaged in th%area neighboring the contacts of
the lead frame. Such damage of 20 parts-of the molded body in the area

of the graove cut by means of the laser-engravin ration is due to the
B e AT o A UTEE BF e FoR e BB e e
framehndteriahand aceurslfowthicfollowingreasonsivas thecmetal of thee die

Ieag Cf ame is ver desgr%r%%% h\gglted up, 9& E@ne er tcrgagrelesntoahncfsasC its fhe
thermar con uthiVﬁly IS high, 4 heat fléw hormar to the cu%tlng Hirection o
thedasemeam acourst Thedheat ihtransfefreddyithg noetal partsto pakts

of.the molded b outside the area qf the-laser, engraving properl .
e R e e By 8 e wide
darhaged. Ar cnpeifeeticutting edge ot poerguality &-prodecédsThectension
meghanical saying cuf fallowing, the laserengraving remvesing ; .ot ion of
unperfect edge and produces a 7 smooth, neat cut in the semiconductor

packagbs sThe ledge qualitcofahe Sehficaifthrcidrpackages singulaed in good
thigway achieves ahighievel, the ahgve-described method aehieved gy 2 ge s

high edgée quality of the separated 5 semiconductor packages with, at the

S&MB tite, & Iohg Vitstime of thevdaw bREFEOIR cBItiAG 15 a fdev@lophitent
ofithe methed, thenlateralwidth gkthe groove cut by laser engraving into
the

With the help of laser engraving, the metal of the lead
frame is removed, at least partially, from the cutting
area of the mechanical saw. Due to the thermal effect of
the laser beam, however, a groove with an unperfect edge
may be produced. In particular, the molded body may melt
in an undesired way or may be damaged in the area
neighboring the contacts of the lead frame. Such damage of
parts of the molded body in the area of the groove cut by
means of the laser—-engraving operation is due to the
greatly differing thermal conductivities of the molded
body and the lead frame material and occurs for the
following reasons: As the metal of the lead frame is very
strongly heated up by the laser treatment and as its
thermal conductivity is high, a heat flow normal to the
cutting direction of the laser beam occurs. The heat is
transferred by the metal parts to parts of the molded body
outside the area of the laser engraving properly speaking.
In these boundary areas, the molded body is thermally
damaged. An unperfect cutting edge of poor quality is
produced. The mechanical sawing cut following the laser

engraving removes the unperfect edge and produces a
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10 semiconductor packages is adjusted by carrying out a plurality of laser
engraving operations essentially parallelly to the separation line. The
singulation line extends within the separation area. Through parallel laser
engraving operations, the width of the groove can be 15 adjusted in a
particularly simple, flexible and effective manner. In another advantageous
embodiment of the method, the depth of the groove cut into the

semiconductor packages.by 20 laser engraving corresponds at least to
T by Wrhch 018 18 o SRR e mORRty. Idined e
incdieelction of the- heamein particular ctherdepth 9f thesgrogué 4s ehlosen this
just large enough for tge lead frame being removed almost completel
fririhe G066 THe AESth 25 Ofihe orove et GorssandeTn thi che

- againaevewed imdiggctionagsd the beany- fthelmaxiaram g@epth to which

the Jgad frame extends Inig dhe malded body. This maxmym depth i o g
given bet e distance between the surface of the contact side and the

loWet edgucof the tael feamebs@ @6 that, in the subsequent mechanical
sawing cut along the groove, the saw blade hardly gets into contact with

the metal of the lead frame. The lifetime of the saw blade can thus clearly
béfapiovedd 8-Accordietbainadvartagéols enbbdimeritlytf tHateral

methad, the depth ofthearooyg made intothe semiconductarpackages
by laser engraving is adjusted by the number of laser 5 engraving

ofErati6Rs earftfedrolt sthatmtiaty afhy the RAnkY cGiling YihB IInother
words: several laser gpgraving;operatigns aee-saried-out aleng gne apd

the same line in the semiconductor packages, the Ebositiqns of the ,
individual $ser engravifig BperItohs Uiy differing By 10 RatedrasRs 1ine
caygeskystheiapparatuse Whanseveralklaser-engraving eperationsiarel laser
carried out along the same cutting line, it is possible in a particularly

siffipieé ekilsle AR etetive m r ¥ Abfus? theBEptA ot IWE gFsdvePe
magdeytlaserengrapingt 15ularly simple, flexible and effective

manner.

In another advantageous embodiment of the method, the
depth of the groove cut into the semiconductor packages by
laser engraving corresponds at least to the depth by which
the lead frame extends into the molded body - viewed in
direction of the beam. In particular, the depth of the
groove 1is chosen just large enough for the lead frame
being removed almost completely from the groove. The depth
of the groove just corresponds in this case - again viewed
in direction of the beam - to the maximum depth to which
the lead frame extends into the molded body. This maximum
depth is given by the distance between the surface of the
contact side and the lower edge of the lead frame, so
that, in the subsequent mechanical sawing cut along the
groove, the saw blade hardly gets into contact with the
metal of the lead frame. The lifetime of the saw blade can

thus clearly be improved.
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According to a development of the method, the laser engraving is effected

by means of laser pulses having in particular a pulse length between 0.5

Rs and 5 Rs. Such laser pulses are preferably generated by means of a

Q- 20 switched solid-state laser. Using laser pulses, a high

material-removal rate with, at the same time, a low heat supply to the

workpiece is achieved. That means that by laser beam one always

understands both a continuous and a pulsed laser beam. 25 The
semiconductor packages are preferably QFN packages. Such

semiconductor packagesiarerpartieulady eompactand hate athighetetal, the

share, Due to the high metal share, a very high wear will accur on the saw
PIRABE reh 40 SethATal) oo g GEN pechages i horg e e
wear-tedueingemetizod accardingdo ke énventionis particokarlyof laser
adyaniagequs for OFN packages. 9 Eyrther adyaniageous embodimenis ..o

of thé method accor Ing to the invention will become evident frdm the

claimns; not atantibnedrebovenas Wellrasvipsigticularfromlthéasawirgn@raving

explaiped in the following, in which,Eig, 1 i3 2 perspeciiyeMlew ol a. 1ine in
semiconductor package, Fig. 2 is a top view of a tape with a group of
sémicopdlictor pdekages, 1OFGIs & a detilviewtin ansared behgeen two

adjggent;semiconductor @%@@&%‘?n@n@g& Aand 5 arg cossrsectiongl 1y

views of a semiconductor package. 15 Fig. 1 shows the semiconductor
packate TS semcstiduttor dhfp 8PR3BATIEThdUStGUNME Theal laser

semicpRducior package 10Q shownasan example is BRENPRCKagR:A
die 101 is connected with the electrical contacts 102 of the semiconductor
p&cKalge 00 BY frreahls of 20PMEgoISwites 02 2THe! SletfichY coHtaBtsS

162 ase moddedhtogetherwith,thedig 04 and thegold wires A of the
molded body 104. The material of the molded body 104 can be, for

eXARPIES At &SettAG BolyRTEF G ah Epoxy

According to a development of the method, the laser

engraving is effected by means of laser pulses having in

particular a pulse length between 0.5 Us and 5 Ws. Such
laser pulses are preferably generated by means of a Q-
switched solid-state laser. Using laser pulses, a high
material-removal rate with, at the same time, a low heat
supply to the workpiece is achieved. That means that by
laser beam one always understands both a continuous and a

pulsed laser beam.

The semiconductor packages are preferably QFN packages.
Such semiconductor packages are particularly compact and
have a high metal share. Due to the high metal share, a
very high wear will occur on the saw blades when
mechanically singulating QFN packages. Therefore, the
wear—-reducing method according to the invention is

particularly advantageous for QFN packages.
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resin. The electrical contacts 102 are embedded in the 25 contact side

105, which in Fig. 1 corresponds to the lower surface of the die package

100. The contacts 102 and another holding structure 108 for the die 101,

also embedded in the molded body 104, are part of a lead frame 107
embedded in the molded body 104. The parts 30 constituting the lead

frame 107, such as, for example, the contacts 102 and the holding

structure 108, form a metallic layer 106 inside the molded body 104. 10

To singulate several semiconductor packages 100, preferably combined in

a graup dheselarenpreferably tedted imarfirst st€p tiyaa lasehbdamdramding

the ditection R, and i, gecond step, the semicondyctor packages 100.5 o,
are separated by means of a mechanical sawing cut. For easier mass
proeessing ctheadermieonductee packegesri Qfrareisrvdrgedfanra dankgerdrawing
tape 200, é‘.éshoxvnti}q Fig. %.lThisg rrier tape 200 can be, for example, a
coﬁ%jera%oiﬁ‘ 10 from Wﬁic% the (rjgslpe%fivel ?ea(?1 frame 107 of the individual
semiconductor packages 100 has been punched out before. During the

pynching outprocess.an.opening 201 s formed.in the cagriertape 200y 5 e |
The punching-out process creates individual contacts 102, which are part
of'the Jedd franfe IDROY &pid &é rAecdaficallytheld tagether By further

parts ot-thedgad frame, 107 Lhe lead frame 107 offers a receptacle for the
die 101, whose position is indicated in Fig. 2. The individual

sémiconductdr packagesl100 e difuated 7t 6re BE MtteYréuss 8A Ifeent

carsgn tapes200-dp Fig. 4 6120 thg,sake of clarity, only 4 semiconductor
packages 100 form a group, however, such a group may consist of a

corisiderabRhlgRe PAGMBEPSESEtRicbhatctdr Padkayest10d, T6exztnpiactor
64 9r1Q@packages. Furthermore, several groups can be arranged one
beside the other in 25 longitudinal and in cross direction of the tape 200.

Fig. 1 shows the semiconductor package 100 of a
semiconductor chip or a semiconductor unit. The
semiconductor package 100 shown as an example is a QFN
package. A die 101 is connected with the electrical
contacts 102 of the semiconductor package 100 by means of
fine gold wires 103. The electrical contacts 102 are
molded together with the die 101 and the gold wires 103 in
a molded body 104. The material of the molded body 104 can
be, for example, a thermosetting polymer or an epoxy
resin. The electrical contacts 102 are embedded in the
contact side 105, which in Fig. 1 corresponds to the lower
surface of the die package 100. The contacts 102 and
another holding structure 108 for the die 101, also
embedded in the molded body 104, are part of a lead frame
107 embedded in the molded body 104. The parts
constituting the lead frame 107, such as, for example, the
contacts 102 and the holding structure 108, form a

metallic layer 106 inside the molded body 104.
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The individual semiconductor packages are subjected to various process
steps, before they can finally be packaged, ready for dispatch. After the
individual 30 semiconductor chips, more precisely, their dies 101, have

been tested for operativeness and correspondingly operative

semiconductor units have been marked? such, the semiconductor
packages 100 are singulated. For the 1 %urpose of singulation of the

S miconduc? Eackaq]es 1(10, cuts are adg in the ﬁckaegeslloooo and, if
necessany arso in the carrier tgﬁgjzf)%?apo%g%e%aepa%%lo% lines’l
exteadingdietweenthe senmicondactor packages 360 aker the&ssakeoafy
clarity, only a few separation lines | necessary for, singulating t . .
P pACACe 100 b et petig 3 P 5 o ditafier e Lon
ofRtwaesemiconducter padkagesol00 he adfacenttoleacivotheackiagies 100

semico tor kages 100 to be separated from each other along the
séar;:aerat%c%# %r%l F%rae %%/nrﬁnééc?&% W%t%l e%c%eo'[T:%F1 t ?gﬁghs\?v“e] 1é?%soil,ln\%hich

connect the individual contacts 102 of the respective semiconductor

packades 100 with each pfher as well as,Lb theguah theirmoldedbady, . 5 109

104. The lead frame 107 of the semiconductor packages 100 is '
suistantiallyferfed By the Webs301t The separatioh [fEOHBS stifrothded 2 -

by- g redetermined separation area $.The predetermined separtion, foi1,
area S extends between the semiconductor 20 packages 100 properl

y
speaking’ bttt tah katdtPherddges Theaentiediductor/padkates 1o0dreidual

sipglatechwithingr glang this predeiermived singylationaaitT®efore.
singulate the semiconductor packages 100, a groove of 25 width BL is
madel itfa fifst step) FhtotHe Semiédritftietst patkages 160 byrhéans of ormed

0ne Ot MOre Jaser engraying pperations. Fhe aser engraving eperdiopsecates
are carried out substantially parallelly to the separation line I. To adjust the

width BT of te grodbe tiiade bY faset ehgravirig, 30°8éveral 1By 1ead Trame

engravingoperatiers-aencarded puk substaptialnparallgllyrtoreackrothert s of

The%roove mgde b ﬂf% 7IaseTrheng{avigg gperatiolr187hasfa}fwidth Bi facl

s&ﬁéa&ﬁﬂ@ ram . e lea rame offers a receptacle
for the die 101, whose position is indicated in Fig. 2.
The individual semiconductor packages 100 are situated in
one or more groups on the carrier tape 200. In Fig. 2, for
the sake of clarity, only 4 semiconductor packages 100
form a group, however, such a group may consist of a
considerably higher number of semiconductor packages 100,
for example 64 or 100 packages. Furthermore, several

groups can be arranged one beside the other in

longitudinal and in cross direction of the tape 200.

The individual semiconductor packages are subjected to
various process steps, before they can finally be
packaged, ready for dispatch. After the individual
semiconductor chips, more precisely, their dies 101, have
been tested for operativeness and correspondingly
operative semiconductor units have been marked as such,

the semiconductor packages 100 are singulated. For the
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corresponding to the width of that web 301 of the lead 12 frame 107
which connects the webs 301 branching off to the individual contacts 102
with each other along the separation line I. The width of one laser
engraving operation lies typically in the range of 50 gm. 5 After the laser
engraving has been effected, the semiconductor packages 100 will be
completely separated from each other, in };1 second process step, by

means gf am cgainical Saw. Flg)rt s purpose, lac%ut s Entaéje in atg a10eS 100
sémiconductor pac éjﬁles 1do'ih the preﬁetermineallsélparafifoﬁarea g !
suhstantiatly ateng thienseparatiere ire & sThedmeeghdnicalfsawing cabisy, also

madetirﬂéike manner in the t djoiﬂ'% se iconductor%ackag s 100. 15

In'the exen?palgf‘g/leerﬁbgét%een shéwn'in Fg. \thé WidthBs of the™ " <°

meghanidalhsawiagwetanditke nadth of tlhe: predetermsiked sepafdliontor the

area, 3 age identical, This is not pecessai ghrea%alsoeq The mechanigal ooy
sawing cuts oulﬁ]he inside t%e pre etermined singu ation area, but its
width 28icagvdlst besmdlker sithecessarg.tThe predeterasined Singudation

areaS &g@qise{hs%cpgthagt.he semiconductqr packages 100 are _
separated from each other. Therefore, the width of the predetermined 25

singulation area S has to be at least such that the webs 301 mechanically
cennecting fhe coptacts; 102, yith) eachofhersare; sepasated, Hsgaleages 100
however, the width of the predetermined singulation area S is chosen
sihhatHe to each other. The semiconductor packages 100 to
be separated from each other along the separation line T
are connected with each other through webs 301, which
connect the individual contacts 102 of the respective
semiconductor packages 100 with each other, as well as
through their molded body 104. The lead frame 107 of the
semiconductor packages 100 is substantially formed by the
webs 301. The separation line T is surrounded by a
predetermined separation area S. The predetermined
separation area S extends between the semiconductor
packages 100 properly speaking, but can catch their edge.

The semiconductor packages 100 are singulated within or

along this predetermined singulation area S.

To singulate the semiconductor packages 100, a groove of
width By is made, in a first step, into the semiconductor
packages 100 by means of one or more laser engraving
operations. The laser engraving operations are carried out
substantially parallelly to the separation line T. To
adjust the width By of the groove made by laser engraving,
several laser engraving operations are carried out
substantially parallelly to each other. The groove made by
the laser engraving operations has a width By substantially

corresponding to the width of that web 301 of the lead
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webs 301 of the lead frame are completely removed. To 30 achieve a
smooth terminating edge on the semiconductor packages 100, the width
of the predetermined separation area S can also be chosen so large that a
partial area of 13 the contacts 102 is caught by the mechanical sawing

cut lying inside the predetermined separi%zn area S. The width Bs of the
mechanical sawing cut, which is 5 approximately 300 pm, is larger, but at

least as large as,the width BL. of the groove produced by one or mor £.kp the
laser engraving operatlon(%y. A:ny burr or hotches remaining atte? the fasef
treattnient diu te arearefdhe etge of thé semicongitictor patkages 160,

ngﬁa"%%%ﬁ’ Jead tﬁn%.p??refh?eo %‘i‘%‘#iél% 0{%?‘%Sggﬁ’a%%”rb%£§@8¥§%§y
means of the' mechanical sawing cut. Tn this way, a smooth edge of ¢
capbe generated © thesingulated isemisendugtoiepackages k0. 15 The
laser engraving carried out in the first process step as well as the
mechanical sawing cut carried out in the second process step can be
efieated in the Semiconducios paekagesslWwrparticelar #am thescontact
side 105. That means th%t the colfgaoct sidlell 5 of the slen%icgnductor 20t g
packhiyes (du s teated I the predetefmined Separation area’s by a faser
beamrirem t¢he diteetion Rrin suck @acmaly that i the predeterminettans of a
s%pargtion area S, material of the die L{oackages 100 is removed. This
ecnanic | S

a Saw O S r a _Ccu 1S made 1n the
process removes %oth metal and plgs rém'thé pre etermlne%

separatiomares: 25 S daksaoreating @ recessor groovetinthe ned separation

Predstermined separafion ajea $ Laser earaving.canbe effegledin
particular with a 6-switclhe dolid-state laser aving a pulse length ~~
beteveen 3065 Reahd®d Rsti.€. hythedern "[laskebeamticonelalways two

alsq yodgrsiands.a segHance otlaserpulses: 109 .

In the exemplary embodiment shown in Fig. 3, the width Bg
of the mechanical sawing cut and the width of the
predetermined separation area S are identical. This is not
necessarily the case. The mechanical sawing cut should lie
inside the predetermined singulation area, but its width

can also be smaller, if necessary.

The predetermined singulation area S is chosen such that
the semiconductor packages 100 are separated from each
other. Therefore, the width of the predetermined
singulation area S has to be at least such that the webs
301 mechanically connecting the contacts 102 with each
other are separated. Usually, however, the width of the
predetermined singulation area S 1is chosen such that the
webs 301 of the lead frame are completely removed. To
achieve a smooth terminating edge on the semiconductor
packages 100, the width of the predetermined separation

area S can also be chosen so large that a partial area of
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14 subsequent mechanical sawing cut can be carried out in particular with
a dicing saw. Fig. 4 is a cross-sectional view of a semiconductor 5
package 100 along the separation line | shown in Fig. 3. The separation
package 100 has a total height H1, the lead frame 107 extending, viewed
from the contact side 105, up to a depth H2. In the area of the separation
line 1, the lead frame 107 includes a contifiuous web 301 (cf. Fig. 3). 10
Th% contact srde 105 |§ covered w {} covering layer 401. Below the lead ‘
frare f(??n Viewed flrom thé contac 165%1 ThEmoided vo ]dysl?)‘ﬁ ofth&™
sémiconductor package bee éxtendsi b d ossipgulate] dor exaraple,. two
semiconductor packages 100, a laser engraving extending up to the depth
H2 can be produced in the semiconductor packages 100 from the contact
siﬁed%iﬁbhtrﬁs purpase; avlaserbearalis diwcted from therdirettiorsR
§ I[agatcéf,lde P of 20 the §em|condu%t épggkal%e Jto%sTkiarge as
parameters or generlatlng the groove are adjusted Such that the
m@tai of iloe leadh framet1G7 qeoweamcgrauﬁﬁdv\ﬂeb 301 can beore laser
remed aimost samplatsly fim te geperated graqye. e thegenarated

groove extends just up to the depth H2. The 25 covering layer 401 present
o fieEorthet dide an5tafeRe Bericortuelst prckage 100ts afsgoe of the

reagved by the-engraving.eperatien Thedepth.af the 9ieave, £6. thepoorer

depth of material 30 removal generated by the laser pulses, can be

adjustedtin pafticidrhyeeartying vt SeveralREef e RyraVAR Speta- ibfis

OB%éﬁ%@'&%@eéél@{‘ﬁéh%&@meﬂﬂ%ﬁl@ lager, bearyis passediseveral cut
times over the semiconductor 15 package 100 along the same path,

exCept 16t iHEViEALIE ithcelrddics Cdusadty-fifd éﬁﬁ%ﬂr&ﬂf%dtl’fﬁtg%ﬁe?a”t%kage S

thepgroove, the laser engraving can in particular be effected in such a way

that on the one hand, as described in 5 connection with Fig. 3, several

laser engraving operations are carried out parallelly to each other, and, on
therethes hand cassdeseribgdda conaectiomwith Fith &, several {asetess step

engravin operatlons are %arrled O:I‘LH along the same line for adg)ustlng the

e&ia@ﬁgdéﬁﬂr he mechanical sawing cut carried the
second process step can be effected in the semiconductor
packages 100 in particular from the contact side 105. That
means that the contact side 105 of the semiconductor
packages 100 is treated in the predetermined separation
area S by a laser beam from the direction R in such a way
that in the predetermined separation area S, material of
the die packages 100 is removed. This process removes both
metal and plastic from the predetermined separation area

S, thus creating a recess or groove in the predetermined

separation area S.

Laser engraving can be effected in particular with a Q-
switched solid-state laser having a pulse length between
0.5 us and 5 Us, i.e. by the term "laser beam", one always

also understands a sequence of laser pulses. The
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10 Fig. 5 is another cross-sectional view of the semiconductor package
100 along a boundary line of the predetermined singulation area S. The
individual contacts 102 are embedded in the molded body 104 of the 15
semiconductor package 100. The contact side 105 is provided with a
covering layer 401. As mentioned before, after the laser engraving
operation, the semiconductor packages 1@0 are singulated from each
othe{)through a meclgianical win% cut having the wki)dth Bs. Afteor1 the %O .
Ia?éles ep%lrlt SFthE ATStAIRES bedh Feraved frofit the [)Greagf%]?ﬁﬁneoo vt
separatiom area $ialteadydhroigh thewgroove cut by the laser, a neat
edge is cut into the semiconductor packages 100 by means of the
mechanical sawing cut. 16 List of reference numbers 100 semiconductor
packages 5191DiertZContacizohold Golgwires 14sMoldedrisbayt or

package 100 along the separation line T shown in Fig. 3.
The separation package 100 has a total height H;, the lead
frame 107 extending, viewed from the contact side 105, up
to a depth H,. In the area of the separation line T, the
lead frame 107 includes a continuous web 301 (cf. Fig. 3).
The contact side 105 is covered with a covering layer 401.
Below the lead frame 107, viewed from the contact side
105, the molded body 104 of the semiconductor package 100

extends.

To singulate, for example, two semiconductor packages 100,
a laser engraving extending up to the depth H, can be
produced in the semiconductor packages 100 from the
contact side 105. For this purpose, a laser beam is
directed from the direction R onto the contact side 105 of
the semiconductor packages 100. The laser parameters for
generating the groove are adjusted such that the metal of
the lead frame 107, i.e. in particular the web 301, can be
removed almost completely from the generated groove, i.e.
the generated groove extends just up to the depth H;. The
covering layer 401 present on the contact side 105 of the
semiconductor package 100 is also removed by the engraving

operation.

The depth of the groove, i.e. the depth of material
removal generated by the laser pulses, can be adjusted in
particular by carrying out several laser engraving opera-
tions one after another along the same line. The laser

beam is passed several times over the semiconductor
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105 Contact side 10 106 Metallic layer 107 Lead frame 108 Holding
structure 200 Carrier tape 201 Opening 15301 Webs 401 Covering layer
separation line Predetermined separation area 20 BLWidth of the groove
made by laser engraving BsCutting width of the mechanical saw H1Height
of the semiconductor package H2Depthjtt) which the lead frame extends
in the semiconductor package 25 RDirectton of the laser beam

package 100 along the same path, except for inevitable
inaccuracies caused by the apparatus. To generate the
groove, the laser engraving can in particular be effected
in such a way that on the one hand, as described in
connection with Fig. 3, several laser engraving operations
are carried out parallelly to each other, and, on the
other hand, as described in connection with Fig. 4,
several laser engraving operations are carried out along

the same line for adjusting the engraving depth.

Fig. 5 is another cross—-sectional view of the
semiconductor package 100 along a boundary line of the
predetermined singulation area S. The individual contacts
102 are embedded in the molded body 104 of the
semiconductor package 100. The contact side 105 is
provided with a covering layer 401. As mentioned before,
after the laser engraving operation, the semiconductor
packages 100 are singulated from each other through a
mechanical sawing cut having the width Bs. After the
largest part of the metal has been removed from the
predetermined separation area S already through the groove
cut by the laser, a neat edge is cut into the
semiconductor packages 100 by means of the mechanical

sawing cut.
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17 Claims 1 Method for singulating a group of semiconductor packages
(100) comprising a plastic molded body (104) 5and a lead frame
comprising a plurality of contacts (102) being embedded in a contact side
(105) of said molded body (104) by separation along a predetermined
separation area (S), wherein, in the predgtermined separation area (S), a
metallic layer (106) extending 10 over at least a partial section of the
predetermined separation area (S) has to be cut through in addition to a
plastic layer consisting of the material of the molded body (104), the
method comprising the falliowing Stepst d be makingralgeaave in the
predetermined separation area (S) of the semiconductor packages (100)
by laser engraving the semiconductor packages (100) from the contact
sitlé (105 wihererat leastzepdrd ot the metallic layer (106) extending in
thleoqredgtieémined 20separation area (S) is removed, and - subsequent
complete separation of the semiconductor packages (100) by means of a
meeRanicahsawihg cut along the predetermined separation area (S). 252.
Method acgording to claim 1, characterized in that the groove is made into
a contact side (105) of the semiconductor packages (100), the contact
sidlé ¥108Being thad#rge side of a die package (100) from which

105 Contact side

106 Metallic layer
107 Lead frame

108 Holding structure
200 Carrier tape

201 Opening

301 Webs

401 Covering layer

T separation line

S Predetermined separation area

By Width of the groove made by laser engraving

Bs Cutting width of the mechanical saw

H, Height of the semiconductor package

H, Depth by which the lead frame extends in the
semiconductor package

R Direction of the laser beam
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30the metallic layer (106) embedded in the molded body (104) is spaced
less than from another large side situated opposite thereto. 3.
Method according to any of the preceding claims, 35characterized in that
18 the lateral width (BL) of the groove made by laser engraving is equal or
smaller than the cutting width (Bs) of the echanical sawing cut. 5 4.
Method according to any of the precedmb claims, characterized in that the
groove is made by means of a numbecrlof laser engraving operations,
carried out substantially parallelly to a smgfﬂatlon line (1) lying in the
10predetermined separation area (S). 5. Method according to claim 4,

characteyized i that smm@aemgwgt@@ww graove s adiusted

by the 15number of laser engraving operations. 6. Method according to
any of tHe5Teeeding cldlfhs, ERaRIctetized ifi thd@stic molded body (104)

and a lead frame comprising a plurality of contacts
(102) being embedded in a contact side (105) of said
molded body (104) by separation along a predetermined
separation area (S), wherein, in the predetermined
separation area (S), a metallic layer (106) extending
over at least a partial section of the predetermined
separation area (S) has to be cut through in addition
to a plastic layer consisting of the material of the
molded body (104), the method comprising the following
steps:

- making a groove in the predetermined separation area
(S) of the semiconductor packages (100) by laser
engraving the semiconductor packages (100) from the
contact side (105), wherein at least a part of the
metallic layer (106) extending in the predetermined
separation area (S) is removed, and

— subsequent complete separation of the semiconductor
packages (100) by means of a mechanical sawing cut

along the predetermined separation area (S).

2. Method according to claim 1,
characterized in that
the groove is made into a contact side (105) of the
semiconductor packages (100), the contact side (105)
being that large side of a die package (100) from which
the metallic layer (106) embedded in the molded body
(104) is spaced less than from another large side

situated opposite thereto.

3. Method according to any of the preceding claims,

characterized in that
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the depth of the groove made by laser engraving 20 corresponds at least
to the depth (H2) by which the lead frame extends into the molded body -
viewed in direction of the beam. 7. Method according to any of the
preceding claims, 25characterized in that the depth of the groove made by
laser engraving is adjusted by the numbi%of laser engraving operations
carried out substantially along the same cutting line. 30 8. Method

accordlﬁqeto an ofa'ldie prec dln(%Lc’i?ém% characterized b a%leas]gr

engraving Wit st qus%a%F 9 accotding'to daims,”Y laser

charactetized byrigserspuises witha pulsé length o 0.5 840 bt 5iky width

Method ac ordj fo any okthe.preﬁeding claims, characterized in that
( %#K% e ic anica %§ l%ﬁ cugK

QFN semiconductor packagés are used as die packages (100).

4. Method according to any of the preceding claims,
characterized in that

the groove is made by means of a number of laser
engraving operations, carried out substantially
parallelly to a singulation line (T) lying in the

predetermined separation area (S).

5. Method according to claim 4,
characterized in that
the lateral width (Bpy) of the groove is adjusted by the

number of laser engraving operations.

6. Method according to any of the preceding claims,
characterized in that
the depth of the groove made by laser engraving
corresponds at least to the depth (H;) by which the
lead frame extends into the molded body - viewed in

direction of the beam.

7. Method according to any of the preceding claims,
characterized in that
the depth of the groove made by laser engraving is
adjusted by the number of laser engraving operations

carried out substantially along the same cutting line.

8. Method according to any of the preceding claims,
characterized by

a laser engraving with laser pulses.



10 11. Method according to any of the preceding claims, characterized by
a laser engraving with a Q-switched solid-state laser.

19

9. Method according to claim 8,

characterized by

laser pulses with a pulse length of 0.5 Us to 5 uUs.

5 10. Method according to any of the preceding claims,
characterized in that
QFN semiconductor packages are used as die packages

(100) .

10 11. Method according to any of the preceding claims,
characterized by

a laser engraving with a Q-switched solid-state laser.



