IPes,
1 . METHOD AND APPARATUS FOR SI NGULATI ON OF ELECTRONI C DEVI CES
FI ELD OF THE | NVENTI ON T r  avent-i 8n.;is related to the
SRl 182y A

packagi ng of sem conductor 5 de icul ar, t@z resent
invention is related to the nethod and apparatus f EEB A0@ctrical

I sol ation and singulation of integrated circuit (1C device packages.
BACKGROUND OF THE | NVENTI ON The packagi ng of sem conductor and IC
devices by plastic nolding of 10 the chip is well known in the art. The
package typically contains a nol ded pl astic covering which protects

the I C devi ces METHOD ANDIAPRARATUS ROR SINGULATION OF ELECTRONIC PEVICES ges
all ow el ectrical connection between the devi ce and t he external

circuitry. Mniaturization now allows chip scale packages (CSP) of as
small as 3mMX3nm to be nol ded by reducing the 15 package size to approach
the chip size. To increase packaging efficiency, recent trends in
packagi ng technol ogy have been towards chip array chip scal e
packages, in WFIEKDOF AHEINVENTION ps are nol ded together in a single
nold cavity as a panel. Packages such as QFN (Quad Fl at Non- | ead)
and chip-array BGA are exanples of CSPs that are produced in a 20 anel
array. The indivi dhelpieserbdvendiantiadelated dprihal packaging:fafrsemiconductor

5 devices. In particular, the present invention is related to the method and
apparatus for the electrical isolation and singulation of integrated circuit

(IC) device packages.
BACKGROUND OF THE INVENTION

The packaging of semiconductor and IC devices by plastic molding of

10  the chip is well known in the art. The package typically contains a molded
plastic covering which protects the IC devices inside. Interconnections
extending from the packages allow electrical connection between the
device and the external circuitry. Miniaturization now allows chip scale
packages (CSP) of as small as 3mmX3mm to be molded by reducing the

15  package size to approach the chip size. To increase packaging efficiency,
recent trends in packaging technology have been towards chip array chip
scale packages , in which an array of chips are molded together in a
single mold cavity as a panel. Packages such as QFN (Quad Flat Non-
lead) and chip-array BGA are examples of CSPs that are produced in a

20 panel array. The individual package can then be singulated, before

being sent for testing and higher level packaging.



bei ng.sent for testing and higher |evel packagi ng. The
traditional ways of singulation are punching, stanping or saw ng. For
new packages such as chip array CSP, which have nultiple chips

enbedded within the sane |ayers of material, punching and stanping

cannot be used. Conventional saw ng techni ques also do not give 5
satisfactory results due to the follow ng geasons. Heat produced by the
sawi ng process requires the use of a coolafit. Water is typically used as

a cool ant becauseThg tﬁa%iiticﬁia?%ay%tof%‘?n@ﬂaﬁérﬁcéréiﬁur&ﬂﬂﬂjf%él}gp{,r\@{ofg%%gg@;gi ng

static electricity generated fromthe sawm ng process.

however, incre S V] fall dyr.i ng subsequent . .10
uses, reduci ngﬁ?%ﬁ%ﬁ%?ys@' 9%"@'@&{%@@%&%%‘ Ves‘ﬂ”g ef(f‘rUH?‘t he
saw ng process incr(;%escfs % he E‘i sk of del am nation. For ﬁ_ackages such

as CFN, which r&gee athinthe saree layerseer Majerials punshing aned stamping
particles pose difficulties in producing satisfactory singul ated products,
and al so resul tcannat heyiisedarConnantiohat hesawdng technipesomlso vid mathgiver end
15 towards miniaturization of package sizes, holding of the package

becomes i nceeasatigfactatiyfresats dueToethe folowingr RiagbAsa Heat préduied bfdha
nmet hod and apparatus for the singulation of 1C devices that alleviates the

above- st at ed prs‘éWiﬁ@beocess requires the use of a coolant. Water is typically used as

a coolant because it can also act as an electric conductor for discharging

static electricity generated from the sawing process. This wet process,

however, increases the chances of device failure during subsequent

10 uses, reducing the reliability of the package. Mechanical stress from the

sawing process increases the risk of delamination. For packages such

as QFN, which require the cutting of copper layer(s), burr and sticky

particles pose difficulties in producing satisfactory singulated products,

and also results in high wear rate of the saw. Furthermore, with the trend

15 towards miniaturization of package sizes, holding of the package

becomes increasingly difficult. There is therefore a need to provide a

method and apparatus for the singulation of IC devices that alleviates the

above-stated problems.



3 . SUMVARY OF THE | NVENTI ON Accordingly, the present

i nvention provides, in one aspect, an apparatus for the singulation
of | C packages, particularly for packages having nultil ayers of
organic and netallic materials. The apparatus uses 5 a cool, clean and
dry process that does not result in the generation of burr or | oose
particles. I n anot her aspect, the present invention provides a
novel method of cutting a panel of |C packages to achieve el ectrical
I sol ati on w thout sinﬁulatlon This allows testing to be perforned
whil e the packagUMMABY QOTHEINVENTIONhe partial | y-cut panel form
substantially reducing the handling difficulties associates wth the
smal | CSP packages. The present apparatus and nethod uses |aser
abl ati on techni qué\ccordmglyAHhat poesand  inveiniord provides, c dmdioneoraspest, wdrch
the substrate material is converted to plasma under short |aser

pul ses whi ch doapparatis dostifef sinigahdtion1 bf IC Id&ké@és Spaﬂicﬁlafr@nfort packades
penetration to occur. The fluence is control mul tiple scanni ng

under hi gh speeRayifig lﬂﬁ@lﬂlayers of orga nﬁd‘aﬁ&‘%ﬁé%%%ﬁeﬁﬁfs’mﬁ% ?Eéératﬁ?%gé ence

of the |aser beamisS |ess an aroun wavelength of

ept botweers ar IR FORrEaGRary pissest iietsdaan GBS i fregoraraling of SLkbi oce

is well controlled, and i.n the range of about 10-300[err]m Miltiple
scanning is per?o%?é& partieles: hat for

In another aspect, the present invention provides a novel method of
cutting a panel of IC packages to achieve electrical isolation without
singulation. This allows testing to be performed while the packages are

10 still in the partially-cut panel form, substantially reducing the handling

difficulties associates with the small CSP packages.

The present apparatus and method uses laser ablation technique.
Ablation is achieved under conditions in which the substrate material is
converted to plasma under short laser pulses which do not give sufficient

16 time for significant thermal penetration to occur. The fluence is controlled

and multiple scanning under high speed is used.

In the preferred embodiment, the fluence of the laser beam is less
than around 100chm2, the wavelength of the laser used is below 550nm,
while the pulse width of the beam is kept between around 100-500ns.

20 The beam spot diameter on the workpiece is well controlled, and in the
range of about 10-300um. Multiple scanning is performed, such that for

each scan, a certain depth of cutting is achieved. For electrical isolation of



each scan, a certain depth of cutting is achieved. For electrical isolation

of 4 t he packages (i.e.
t he copper layers of the substrates are debussed), controll ed depth
cutting may be achieved using the sane nmultiple scanni ng t echni que.
The isol ated packages can then be tested while still in the

partially-cut panel form After testing, singulation is perfornmed, 5
preferably by repeating the |aser ablation process, but with increased

nunber of scan t ' ' ' ten. The
u S Qh@%)a%ﬂggréigﬂe. the Bﬁgé\‘étrefah/%rsc thé‘%dﬁét%ﬁ &% debussed),

apparatus in the pref enbodi udes a | aser generator for

gerer et 10,2, CBRPOIEHIIRY B B 5 ARSI e S
e O SRS o koS W b 1

Figure 1 is a schematic diagramof a laser cutting apparatus according to
15 the presentinitheepartialy-cut panekifom.eAftet destinge hgingulationi ésyrperfarmesthot her
| aser cutting apparatus according to the present invention.

Figure 3 issa grbfenrablychydrassaaimgt thes ipert Sislation probessie bubvdth hesreasada

number of scans as compared to the electrical isolation step.

The apparatus in the preferred embodiment includes a laser
generator for generating a high frequency and low pulse energy laser
beam, an optical system for delivery said laser beam onto a prescribed

10 location, and a transfer system for transferring an IC device into the

prescribed location.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of a laser cutting apparatus according to

15 the present invention.

Figure 2 is a schematic diagram of another laser cutting apparatus

according to the present invention.

Figure 3 is a schematic diagram to show the path of the laser beam in a

laser cutting apparatus according to the present invention.

20



| aser ,cutting apparatus according to the present invention. 20

5 DESCRI PTI ON OF THE | NVENTI ON The apparatus and net hod
according to the present invention allows the clean, cool and dry
singulation of an I C device. The invention uses | aser energy to
sequentially ablate various |ayers of substrate material on 5 a panel of
nol ded | C devices with m ni mal heat generagion. Laser ablation is
defined in the present invention as the conversion of the nold flash
into plasma and other volatile species due to photodeconposition by
the | aser beamDESCRIPTIONOF THE INVENFIOM exanpl e of the property of a
double frequency @ 10 switched short wavel ength Nd: YAG | aser beam whi ch
causes abl ati on of the substrate according to the present invention.
LASER PROPERTY OFTheiRppaEsHEsTand\wEtiodaccording to the presenidnegndion: allows
532nm Pul se wi dth Less than 500ns

Pul se energy the clean, cool and dry singufatib@mdf adACdevice. The inventionRgpesi tion
Rat e Less than 100kHz

laser energy to sequentially ablate various layers of substrate material on
5 a panel of molded IC devices with minimal heat generation. Laser
ablation is defined in the present invention as the conversion of the mold

flash into plasma and other volatile species due to photodecomposition

by the laser beam.

Table 1 shows an example of the property of a double frequency Q-
10 switched short wavelength Nd:YAG laser beam which causes ablation of

the substrate according to the present invention.

LASER PROPERTY OF THE PRESENT INVENTION
Wavelength 532nm

Pulse width Less than 500ns
Pulse energy 0.1-10mJ/532nm
Repetition Rate Less than 100kHz
Cooling water

Beam spot dimension(diameter) 2mm

TABLE 1



Cool i n

di mensi on(di aneter)

6
CSP

g

wat er Beam spot
2mm TABLE 1

Generally, controlled depth electrical isolation for chip array
packages according to the conditions shown in Table 1 may be

achi eved

on the

si ngul ati on,

using 2-8 scans at a | ow power e.g. about 2 watts, depending

depth and material that need tQ be cut. For conplete

10-20 5 scans may be perforfed. In the nore preferred

embodi ment, the pQEARErally, coMréildl ideptie eledthdd 3@gﬂﬁiont Her RAIS GrfilyeaBP i s

0.1-10mJ/ 532nm the

20- 200

[err]m a

exanpl e, a CAB

repetition rate is 10-50kHz, the beam spot is

chfrs 2477550, p ey oo Sow 1 TeBIG 1 ey beypehieyed 7"

| ayer of O.1lmmthic
depth of 0. 1nmU3&B

3B SeR o S5 LNt on st 3 ¢

times with a beam spot dianeter of 30[err]m The frequency is 10KHz
and the pul se depthypnd. materiahtbiat needoto be aut.dter cemptedessingulation, 10F2Qure 1
shows an exanple of a laser cutting apparatus in which the 15 beamof a

doubl e- f r eqsiengga® by GeepelsméG Ihakemée prefeire¢ @mbodiment, the puls@anel
| C devices (not shown) on a stage 24 by the use of a

22 of

10

15

20

width is less than 300ns, the pulse energy is 0.1-10mJ/532nm, the
repetition rate is 10-50kHz, the beam spot is 20-200um and the fluence

larger than 5J/cm?.

As an example, a CABGA (chip-array ball grid array) package with a
copper layer of 0.1mm thickness packaged in an epoxy organic material
at a depth of 0.1mm depth may be debussed by scanning a laser beam
for 3-8 times with a beam spot diameter of 30um. The frequency is 10KHz

and the pulse energy 0.2mJ, and the pulse width is 100ns.

Figure 1 shows an example of a laser cutting apparatus in which the
beam of a double-frequency Q-switched Nd:YAG laser 20 is directed onto
a panel 22 of IC devices (not shown) on a stage 24 by the use of a
scanner 26 and appropriate optical components 28. A computer control
system 30 controls a controller 32 which in turn controls the stage 24 and
the triggering of the laser via a trigger 34 such that the laser beam is
directed at the boundary between the embedded IC devices. A vision
system 25, coupled to the control system and the stage, is provided to
control the route of cutting. No water cooling system is provided such that

the entire process is dry.



scanner 26 and appropriate optical conponents 28. A conputer control
system 30 controls a controller 32 which in turn controls the stage 24 and
the triggering of the laser via a trigger 34 such that the | aser beamis
20 directed at the boundary between the enbedded | C devices. A vision
system 25, coupled to the control systemand the stage, is provided to
control the route of cutting. No water coegling systemis provided such that
the entire process is dry.

7 Fi gur eFigusé @rshovae thetdetdits of aapepifici étampheacipare apparatuspforr at us
for cutting a panel of IC devices. In this apparatus, the panel 50

with IC d@ﬂwggspéﬁeleﬁpﬁ@dﬂiééﬁ‘?rlﬁiﬁgﬁ ?IbﬁaFétGQ,s,ftﬁé rﬁi’\fﬁ)g&e@ v#igrf‘rl‘@f er

systemto ding station 40. The g station ma

outlote, A T adevigHoar rpfiEa 'hafhn Chee” yBhBRTRY b A RENERS BTG e,
scanner or galvanoneter 46 .\ﬁg%ch . directs the beamto the boundary
bet ween t he | AAHpg StationrdQ. dolding statigs maybe.fgr kampie @ stages and

controlled by a vision alignnent system47. The scanner may be
pr ogr amed Ssug@uidé dtackar 4 atage withniasaumosustionl outietenfrlaserebieampfrancat t i ng
or through-cutting along certain cutting routes. Control | ed-depth

cutting al | ondasdregeneraitort 44 lie dirdttednintd atstanakeor igabiirometer 46, aohidHct i ve
| ayers at the boundaries are cut, but stops short of conpletely

fgt ting througfiredhd thé Dednih! the BothdHy Yet@ben TSI dees! NerHe diydtdual

positioning of panel 50 is controlled by a vision alignment system 47. The
scanner may be programmed such that the laser beam performs
10  controlled-depth cutting or through-cutting along certain cutting routes.
Controlled-depth cutting allows the panel to be cut until the electrically
conductive layers at the boundaries are cut, but stops short of completely
cutting through all the plastic mold material. This allows the individual IC
packages to be electrically isolated from each other while being
15  physically maintained as an array. The electrically isolated IC devices can
then be sent for testing as a partially-cut panel. After testing, the cutting
process may be repeated, but with a higher number of scans to ensure
complete singulation of the IC packages. In this embodiment, an
exhaust inlet 62, is provided to suck away the decomposed fume
20 generated by the ablation of the packaging material. An air blower (not
shown) may also be optionally provided for blowing away the ionized

vapor as it is formed.



packages to be electrically isolated fromeach other while being 15
physically maintained as an array. The electrically isolated |IC devices can
then be sent for testing as a partially-cut panel. After testing, the

cutting process may be repeated, but with a higher nunber of scans to
ensure conpl ete singulation of the |IC packages. |In this enbodi nent,
an exhaust inlet 52, is provided to guck away the deconposed fune 20

generated by the ablation of the packaging material. An air blower (not

shown) nay al so bﬁggfé BOSIIVY Pthid! énBodipiert! SMhBGDra¥ast invention ik @fhich
vapor as it is forned

Fi 3 sh t

the | aser genef L%Eeg%e%‘f’%gé??"%r?%sat@&va@éﬁ?@ 'ht{"“;se§h1?%§"f‘09n¥“‘é% M
d 58 i d t I b ot t d

of i rrors. 60 SXEBUAEiSR I BIARS e e DO SPOTTETISHEr. N cARHER or

5 gal vanoneter 62. The scanner then d| rects the beam onto the

appropri ate bo@hifrpes60m@re hised o direpthadecusatebeam nnia thpeX-Yisgannener
gui dance of the vision alignnment system 63. Wil e the present

invention has lyadrandesster b6d. pThé i soamidry thehhdirects thef eheamsesorito Rhes 1
to 3, with specific exanples cutting chip array CSP 10 packages, it

shoul d be undersinpostidajoliifries b 8 el betwedd ths 1 8 Yinder theand

shoul d not be taken as Iitmtation on the Invention. tﬂagglagl on It

guidance of the vision alignment system 63.

While the present invention has been described particularly with

references to Figs 1 to 3, with specific examples cutting chip array CSP

10  packages, it should be understood that the figures are for illustration only

and should not be taken as limitation on the invention. In addition it is

clear that the method and apparatus of the present invention has utility in

many applications where cutting of molded material is required. It is

contemplated that many changes and modifications may be made by one

15  of ordinary skill in the art without departing from the spirit and the scope of

the invention described.



clear that the nethod and apparatus of the present invention has utility in
many applications where cutting of nolded naterial is required. It is
contenpl ated that many changes and nodificati ons nay be nade by one 15 of
ordinary skill in the art wi thout departing fromthe spirit and the scope
of t he invention descri bed. CLAIMS 1 1. An
apparatus for singulating a nolded panel wyth a plurality of 1C 2

devi ces conprising: 3 a |l aser generator for g

beam said | aser beam 4 scanni ng mul ti pI e ti nammﬂmaml ’maaﬂ)ver
a prescribed &lMM§ said 5 nmol ded panel ¢ Lan%opti ca
system for delivery and focusing said | aser beam and 7 a transfer
system for transferring said_panel into a prescribed 8 position
from whi cht abllat i oANLIPRAEHY fesingulatingad Belled; pael with a p%alaya@fp& at us
abl ating said panel in the absence of a water cooling 10 systemto
obtai n singul at ed dévitesiconsprisiig : 2. A nethod for cutting a panel of IC
devi ces connected by a nultilayer 1 2 substrate conprising: 13
generating a | aser beam said | aser beam capable of ablating the 14
substrate 8n sai d palaservgeneratorvior ggenesatingh@ laser beam, said laser beam

4 scanning multiple times at high speed over a prescribed area of said
5 molded panel;
6 an optical system for delivery and focusing said laser beam; and
7 a transfer system for transferring said panel into a prescribed
8 position from which ablation by said laser beam can occur;
9 said apparatus ablating said panel in the absence of a water cooling
10 system to obtain singulated IC devices.
11 2. A method for cutting a panel of IC devices connected by a multilayer
12 substrate comprising :
13 generating a laser beam, said laser beam capable of ablating the
14 substrate in said panel without water cooling;
15 ablating said panel at a prescribed position to a prescribed depth
16 such that said IC devices are electrically isolated but physically
17 ~connected by non-conducting material in said substrate;
18 testing said IC devices; and
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15 . abl ating said panel at a prescribed position to a prescribed
depth 16 such that said IC devices are electrically isol ated but
physically 17 connected by non-conducting material in said
substrate; 18 testing said | C devices; and
10 19 singulating said | C devices by conpl etleululllum “JIH MMH
substrate at 20 sai d prescribed pqsition. £ 3 " A nethod
according to claim 1 wherein the fluence of said Iaser 22 beami s

less than apout 100dingmiiting -said a@ de\ﬂces by"bd?ﬁfélbféi abfetRindsal s0bstratemad
wherein said | aser beam scans 10-2 times and at a pulse width

of 100ns o4, said pr f . A net hod according to
claim?2 vvhéebr ein thegéﬁug%%g”g?a al ' aser beamis |l ess than
about 100J/cnferr]. 27 . A et hod accor ding to claim2 wherein said

| aser beam;scagns 2 8me%l$od azc§ord|n§'f59c§lagﬂd1 %h%’eﬂ*\“tﬁ@ feHicl Qf s%%orlésged

sai d prescrl bed surface to |'ation to said prescri
depth, saig,!| aser rth scanning 10-20 tinmes and at a
pul se w dt i of 100n§%8ﬁ1 @ﬁﬁﬁs%n aBout 100‘%?'Bscri bed surface for singulation
of said I C devices.

23 4. A method according to claim 1 wherein said laser beam scans 10-20
24 times and at a pulse width of 100ns on said prescribed surface.
25 5, A method according to claim 2 wherein the fluence of said laser
26 beam is less than about 100J/cm?,
27 6. A method according to claim 2 wherein said laser beam scans 2-8
28 times and at a pulse width of 100ns on said prescribed surface to
29 obtain ablation to said prescribed depth, said laser beam further
30 scanning 10-20 times and at a pulse width of 100ns on said
31 prescribed surface for singulation of said 1C devices.
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