Singulation: Refining the Kindest Cut of All
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Separating the die from the wafer, leadframe strip or other carmrier
through punching or sawing—the two principal methods—is a well-
estahlished part of the IC assembly process. The importance of
the process, however, is often overlooked due to its rather
unglamorous history.
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N any [C assembly processes
that were once considered

simple, operator-intensive chores huve
taken on a new sophistication with
the explesion of chip-scale and wafer-
level packaging.

Ome of thess technologles, which can
produce a dramatic effect on a com-

pary’s bottom line, is the ssparation
of the die.
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For the sake of brevity, we'll use the
term “strgalation ™t refer to the separ-
tlom of die froan a wafer, other substrate
of the cutting of packaged [Cs The tools
Ivedved inalmost all cases are similar
At its most elementary, singulation
is separating devices from strips or
waters. With leadirame packages, the
Imdbridual leads are first se parated from
a leadirame strip.




Thi= dambar that elecirically isolabes the
leads i then remowed. Then, ithe leads
arz trimmed and formed, and individual
packapes are sepamaied from the keadframe
strip by punch singulation, scribing iools

or H'H'!.I

Singulation Muthod e

Area-array packages, snch as ball grid
arrays, employ solder halls to form the
imerconnact path frem package to PR,
After reflove. individmal packageson lam-
imabe sirips are singolated by punching,
seribing or snwing The solder balls ars
inspecied for co-planaritg size and posi-
tion. then placed in trays or on tape and
rezl®

Dir. Gerald E. “5kip™ Fehr. San o=
packaging consultani and ind osiry gurw
says furuare nesds in singualation equip-
mmeni are more of the same: lower cost,
higher quality; greater versaiility, higher
cutput and betber reliability.

For assemblers that 1se leadframes in
srmaller volumes, versatile ools that can
ke programmed o fit different package
siyles woulld be beneficial Dr. Fehr srps
“This should be done in comjunction with
wersatile wools for dedam and form.”

Supplying Bmall Volume Packages
D'r. Fehr bdieves this programming wonld
reduce the cost of supplying a mmall-wol-
ume package to omtomers, since the anry
cost of manuficdnring the packages womld
ke Jorwrer,

COAWAL In Wipias, ColR. proddes sinpirion do-
I IC ameamiily.

Another improvement, adds Cir. Fehr
would be on the maieriak side. *Maieriak
thiat stay sharper 1o give langer life and
betier quality separaiion would certainky
b an imyproesment. Diamond coolsconld
be & siep-nup from crbide ool

Endicoit Inberconnect Technobogiss aff
Endimott, WY, |endicolinteronnect. com)
fornses on the high-performance chip-
carrier market. Frodocis such as the
Hyper2GA chip carrier and the new
Corell¥ and HyperZ carriers present unique
challengss ai panel singolation. acoomding
1o kohn Kresge, senior enginesr.

Adeanced Materials

Eresge obeerves that many advanced
maierials—mopper-clad Inear (Feldizs)
and comiplaint PTFE-based dislecirice—
do not machine well wirth comwendicmal
mechanical singnlaticn.

Ivar, which is an iron-nickel alloy; is
1 “challengirg material for producing a
clean, uniform edge, as well as preventing
loading of the cutting pool with metal
partichs,” Eresge nodes.

Esyond the need o oot ad vaniced mae-
rials cleanly, improved productivity is
nesded. “The comtirmed rapid growth in
ihe chipcarrier market is driving the

Bk af s lina the aussmbly orsa 21 AEEE, Bareioadk, Tralland.

desire tovincreass throoghpot” Kresge adds,

Eresge also sharss a commaon wish fior
“srnarier” unload spstemes “These shoald
be capable of rapid parts unloading and
smmart sorting, based on the inpot of
knovem defective pizoes

“Furnre systems should alss be able
sort sicgnlation carriers irio carrisr irays
quickhy and discand ko defedive pieces”
Eresge adds. “Time spent unloading car-
riers is idle time for the ositing process
and should be reduced bo o minimum.”

How Bingulakion

With CEPs mowing inio high wolume pro-
duction ai increasingly rapid rates, s
simgulation is emerging as an efficient

Endioat imkroormadt’s naw SomET chip camier
presamis undgues tabanges of sdapaadon. [EIT)

Chip Eosle Raviears Ao gmisSepionbar 39 = | ChipSolaharvonom | a6



method of separating dersely populated
packages, contends Chris Ooi of [BAC,

dan Jose, [ipac.oom] and KH. Chioah of
Greatech [greatech com. oy |«

This *proven technology,” says O, is
directly applicable to BGA, T3P and
1P singulation and offers the fexibility
to handle many different package simes.
ime singulation improves production
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volumewith high throoghput. high prod-
et quality and lovesr production costs,
i adds.

Apmmation may take many forms,
says Choi, and demands the flerilibity of
Mmesting cusbomer requiremenis.

Taps-hmed sysbems, be says. ane *id=al
for small-lot production with higher
flexibiliiy, but the added tape cost adds
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AT s Bades BRID M SR L Sorbing Sstem
will apcamimsa daia wafors up o 300mn.

significant per-unit expense—especilly
with large package sizes.

ligbased systems are maore oosi-effec-
tive for high wolume production, since
there is no nesd for tape. Ooi reporis.

The sawing process, says Ood is cor-
rently gaied by sme feed rates. “Furore
improvements will be in the form of
mlti-blade saw heads, improsed Bhde
life and six-sided wision inspection.”

ATATS ChipPAC, Singapore [staischip
pac.com |, cne of the langesi [C msembly
anid test homses, produces OFN packages
in very large volames,
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The GFN is a popular leadframe-based
CAP that can be designed oo suit ten pop-
whar singulaiion methods, punching and
sawing, currently in nse at the company.

Punch singulation imobves aalting the
indnridual molded 1T from a soitably
designesd leadframe into individual [C
packages with squipmeni that drives a
pranch and die set.

The punch and diz ==t is nsualtya ded-
icabsd maiting dool designed for a given
package dimension and leadcount.

Packages, depending on Jzad frame coni-
figuration. can be singnlitsd into thon-
sands of uniis an hour, which makes the
punch systern an aitraciive choics fior



Thi: Mesp OF (5340 s can handle a subiinb o
larps as 250 x 210nim.

high-volume applications, explains fan
Bumanlag. s=nior manager—assembly
process ergineering for the oompany.

Ky is the toals ability to ot the mald-
ed units consistenity 1o the required pack-
age dimarsions. Copper borrs and packags
chips or aracks on the packape edpes after
punching are important visual mechani-
cal issues that need 40 be add ressed both
iri the toaling design and equipment, srvs
Burmanlag.

Thezre are a variety of ways io conirol

qumality during punch singulation

Thie FIED Diviskmn of B | manriscties e MES I
far dapuistion al IC packages ard 1in or meisl
subsiizies.

“For the punch and die set. 1he bottom
die tooling st ke designed so that i
evenly and sufficiently supports the pack-
age= from the boitom,” says Bomanlag

“These cuiing tools employ carbide
material that can last up to several thou-
sand cuiting cycles or sirokes, Dlewslop-
ment aleernatives axch as ceramic-based
tocling is promising for increassd ool
life, but could b limited by the dificulty
af small tool parts fabrication and oost”™

Most of the existing punching fook
operate at 30-70 sirokes/minues. Higher
productivity can be achieved by design-
ing systems with more punching oyles
ar dual punching stations.

“The wision sysiemn must also be suit-
ably enahled fior faster and reliable image
processing with more units amilable for
inline inspeciion in a shorier amount of
time. The pick-and-place sysiem mme alao
bedesigned to handle increased through-
Put requirements.” says Bnmanlag

Wafsr Diging
[ Annetie Teng Cheung of COFWIL
Techmobogy [comwiloom |, Milpitas, Calit,
confernds 1hat singulation <an easily be
1he most critical stzp in semiconducor
processing

“Ao muach torgoe and foree i weed dur-
ing this step ihai if precautions are not
taken, the freed chips may exhibit low
strergrh and chipping damage.” she saye

Each wafer exhibits dicing and chip-
ping bebavior “unique to that mask-s=t
ar design and are particolarty influeniced
by the contents of the dicing lan=" The
process will bevome more critical as
wabers becomes more packed, larger,
hinner and filled with fragile lovers

DOiriven by stacked die and minimxior-
iration, the industry has moved rowards
thinner silicon wafers of less than 100
micron thickness

“Enginzers musi establish a delicate
balance between conservation of slicon
real estate packing up ihe strests and
high-vield singulation” according to Dir,
Chenng.
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Problemaric today, she says. is the sin-
gulation of highly thinned wafers—swith-
out chipping—swith high die strengih at
high tbronghput ries. “Ancther challenge
is the singulation of britile wafer maieri-
aks snichi as GaAs and 505 wafers, which
have a propenst y for unacceptabls yiekd-
loss levels”

Dicing Belare Grinding

Dicing before grinding (DBG]. a com-
merdal process developed by a maksr of
dicing saws. promisss to b= a reliable
method of dngolting highly thinned
and Fragile dies, syys D Cheorg,

At BCTC 2006, 3. Takyn of Toshiba
reporied that his group achievel high
diz strength by combining DBG and
chemical mechanical polishing. Talgros
group demonsiraied a 10-micnon-thick
T which can be wrapped around ihe
shaft of a sirove and pendl

Lanelugian

Separating the die Froan iks hoet, whethar
packapsd or unpackagsd, is not the labor-
imensive task it once was,

Toaday's saws are not *just saes™ —they
are eleganly packaged in codorfol cabinets
and highly aniormated by software-driven
programs. 8
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