INTEGRATED CIRCUIT PACKAGE SYSTEM WITH LEADFRAME
SUBSTRATE TECHNICAL FIELD The present invention relates generally to
integrated circuit package systems, and more particularly to integrated circuit
package system with leadframes. BACKGROUND Integrated circuit dies are
used in electronic products, such as cell phones, disc players, and
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hostile environments and enable electrical interconnection between the
integrated circuit die and an underlying substrate such as a printed circuit
board (PCB). The leadframe is the central supporting structure of such a

TRRskaREReing G9Mpletely contained within the encapsulant except for the
leads. For purposes of high-volume, low-cost production of chip packages, a
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form a panel or strip that defines multiple leadframes. A single strip may be
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multiplicity of leadframes in a particular pattern. In an integrated circuit

package manufacturing process, the integrated circuit dies are mounted and
BwirK GraloNball bonded to respective leadframes, with the encapsulant

material then being applied to the strips to encapsulate the integrated circuit
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apart or singulated for purposes of producing the individual integrated circuit
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emapwentlexkeadfrache ldedign, the leadframe does not define a continuous,
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separated from each other and from the peripheral egge of a die pad (if
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déngleidedithgsabadisathe suppRIEingEE Uetyns: teombighothe Bie ismtyRigalyrays, with
each such array including a multiplicity of leadframes in a particular pattern. In an integrated
circuit package manufacturing process, the integrated circuit dies are mounted and wire
and/or ball bonded to respective leadframes, with the encapsulant material then being applied
to the strips to encapsulate the integrated circuit dies, bond connections, and portions of each
of the leadframes.

After hardening of the encapsulant material, the leadframes within the strip are cut
apart or singulated for purposes of producing the individual integrated circuit packages. Such
singulation is typically accomplished via a saw singulation process. In this process, a saw
blade is advanced along "saw streets” which extend in prescribed patterns between the
leadframes as required to facilitate the separation of the leadframes from each other in the
required manner.

In leadframe design, the leadframe does not define a continuous, uninterrupted
surface. Rather, individual leads of the leadframe are separated from each other and from the

peripheral edge of a die pad (if included in the leadframe) by narrow gaps. The die pad of the



attached. Currently, leadframe packages are limited with regard to

input/output (1/0) count by the difficulties of leadframe manufacturing. At this

point, fine-pitch leadframes are limited to 100m spacing when manufactured

using current etching techniques. Solutions to these problems have been
ldeHepmeughtthegndohdesialoprifentytnevengottristitht lor shighedwedignip typically
189Htpns and, thus, solutions to these problems have long eluded those

skilled in the art. DISCLOSURE OF THE INVENTION The present invention
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circuit chip, the bumps, the solder, and the leadframe are encapsulated.

theg i ehibBlitents of the invention have other advantages in addition to or
in place of those mentioned above. The advantages will become apparent to
those skilled in the art from a reading of the following detailed description

DIEIOSKRR WithTigfaneveaaone accompanying drawings. DETAILED
DESCRIPTION OF THE DRAWINGS FIG. 1 shows a plan view of a
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cross-sectional view of the leadframe of FIG. 1 as initially manufactured;
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SOHISH ARSI ViR "tV SSHESHUF SYRRIE9 Er 2 OB Al MR Ui sUr f STHR 19aPe
fisupportf thadstypetheddfsgrned ntegiat ciheditmps, the solder, and the leadframe are

encapsulated.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a plan view of a half-etched, dual-type leadframe integrated circuit
package system in accordance with an embodiment of the present invention;

FIG. 2 shows a cross-sectional view of the leadframe of FIG. 1 as initially
manufactured;

FIG. 3 shows a cross-sectional view of the structure of FIG. 2 after further processing;

FIG. 4 shows a cross-sectional view of FIG. 1 along line 4--4 of FIG. 1;

FIG. 5 shows a flow chart for an integrated circuit system for manufacturing the

structure of FIG. 4;



package system in accordance with another embodiment of the present
invention; FIG. 7 shows the structure of FIG. 6 as initially manufactured; FIG.
8 shows the structure of FIG. 7 after further processing; FIG. 9 shows a
cross-sectional view of the structure of FIG. 6 taken along line 9--9 after
furthéilgrecesing; MG vy sHowe ther inerpratddatinositl prld kapr 1nipsiarpdusesgit
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leadframe in accordance with still another embodiment of the present
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inpentegyh understanding of the invention. However, it will apparent that the
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leadframe is defined as having at least two rows of lead tIcPS' 3 )
FIG. 15 shows an integrated circuit package system in accordance with a still further

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will apparent that the invention may be practiced
without these specific details. In order to avoid obscuring the present invention, some well-
known system configurations and process steps are not disclosed in detail.

The term “horizontal” as used herein is defined as a plane parallel to the conventional
plane or surface of the integrated circuit (IC) package leadframe, regardless of its orientation.
The term “vertical” refers to a direction perpendicular to the horizontal as just defined.
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Terms, such as “on”, “above”, “below”, “bottom”, “top”, “over”, and “under”, are defined
with respect to the horizontal plane. A dual-type leadframe is defined as having at least two

rows of lead tips.



Likewise, the drawings showing embodiments of the invention are
semi-diagrammatic and not to scale and, particularly, some of the

dimensions are for the clarity of presentation and are shown greatly
exaggerated in the FIGs. In addition, where multiple embodiments are
discldgkeivaied tHe derivaeshoirig sonheduatnvesf ihcoramom for eiartiagrmmatic
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ordinarily be described with like reference numerals, Referring now to FIG. 1,
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_paddle 110 can use either dimple or groove designs depending on
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outline qof an i rated circuit chi 2 is shown over the leadframe 102. . .
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etched to expose the bottoms of the lead tips 104, which form the terminals
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nefi@ssksectional view of the leadframe 102 of FIG. 1 as initially manufactured.
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circuit chip 112 having first and second rows of solder bumps 302 and 304
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as been reflowéd into solder 400. A
procéﬁgggjgg mew to FIG. 2, therein is shown a cross-sectional view of the leadframe 102

of FIG. 1 as initially manufactured. In FIG. 2, a leadframe 200 is a single structure
combining lead tips 204 and a paddle 206.

Referring now to FIG. 3, therein is shown a cross-sectional view of the structure of
FIG. 2 after further processing. The leadframe 200 has had solder paste 300 deposited on the
lead tips 204, and the integrated circuit chip 112 having first and second rows of solder
bumps 302 and 304 thereon has been placed with the bumps pressed into the solder paste 300
on the respective first and second rows of lead tips 106 and 108.

Referring now to FIG. 4, therein is shown a cross-sectional view of FIG. 1 along line
4--4 of FIG. 1. The solder paste 300 has been reflowed into solder 400. A process such as
etching has been used to planarize the bottom of the FIG. 3 structure so as to separate the lead

tips 104 from each other and from the paddle 110. The etching is generally half-way through



etching has been used to planarize the bottom of the FIG. 3 structure so as to
separate the lead tips 104 from each other and from the paddle 110. The
etching is generally half-way through 4 the lead tips 204. The etching leaves
a characteristic etched finish on the lead tips 204. Further processing by
thealgidgtinioAgtthd Bawielyialinevesi 8 blasasigelistetthbe Byistenn 1100 1REfERINY4-

FRON4IR 6 s WE%ﬂ%Q'BQg\’{E@sﬂ@YﬁghﬂﬂJQfl@Heﬁi‘&ﬁ%’lﬁ&%ﬂi arCUiteysiom
500 for manu acturl l]%(é e integrated circuit package system 100 of FIG, 4.

The SREHMSO0THEI G WARE B AR AP R EHGT AR 8RGthe fry system
5biaiok ﬁﬁ)ﬂ;f@uﬁing tholoher dautedpsraritgadkigg sateahcinoudt ¢tdp i a block 504;

puttln%sold?r bas ncrfulgad ti S acﬁ ng&ifram in akilcgck Sg)vginattachqugcih 2

mtegrate Paircuit ¢ |ptot e leadframe in a ocklgélé |ng gncap
peitesridltes hrepyatethdiveginedipisyd ehip locriftashd : :pum@elé@i@ paste on lead

ripaliretehingatne sncaivsklsny; %ﬂ‘éciﬁ eadframeda @Pf&%@hﬁ%%'(ﬁ@'ﬁ:ﬁ@@al?l@%a
12; finish plating the terminals in a block 514 : and smgulatlon into individual

blﬁ&kk‘a‘&e& %‘flﬁc?&ag%’émﬁé’f%'r‘ﬂﬂé‘}%\%%@?é CHCHErBIR RSBt in 2
b}delvxﬁcb(b ;hiile-bahiay pmhcdpmﬂ-ztypﬁldﬁadfermenmegm@egk cHipuitady stani6f0512;

f1n1 %[ cfgt'ida &8 WIIIEhna nOth % stucl) fut a 10 t's()el?lt lmcllenl?onkl S in a block
SYyS 8 86 |nc udes a ea ame IpS gbh #S(f‘ ﬁg
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over the paddle 610 is the outline of an integrated circuit chip 612. The
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separates the paddle 610. The input/output count as determined by the
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haveﬁlg %?o%]mg compound is not shown and the dotted outline of the integrated circuit
chip 612 is shown over the leadframe 602.

The system 600 is singulated from other similar systems along a sawing outline 614
and a sawing in line 616. This separates the lead tips 604 from each other and also separates
the paddle 610.

The input/output count as determined by the number of lead tips 604 can be more
closely packed than previously possible.

With reference to FIG. 6, it would be understood that is possible to have a design
without the paddle 610, which eliminates the paddle 610, the tie bar 613, and the tie bar
support 615.

Referring now to FIG. 7, therein is shown a cross-section view of the leadframe 602

of FIG. 6 as initially manufactured. In FIG. 7, a leadframe 700 is a single structure

combining lead tips 704 and paddle 706.



without the paddle 610, which eliminates the paddle 610, the tie bar 613, and
the tie bar support 615. Referring now to FIG. 7, therein is shown a
cross-section view of the leadframe 602 of FIG. 6 as initially manufactured.

In FIG. 7, a leadframe 700 is a single structure combining lead tips 704 and
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as determined by the number of lead tips 1104 can be more closely packed than previously
possible. Surrounded by the lead tips 1104 is a paddle 1110. The paddle 1110 can use both
dimple and groove designs.

Over the paddle 1110 is an integrated circuit chip 1112 having bonding pads 1114 on
an active surface 1116. The bonding pads 1114 are bonded to bumps 1118 which are pressed
into solder paste 1120 on the respective first and second rows of lead tips 1106 and 1108, and
reflowed to make the lead-tip-to-chip bonds. The integrated circuit chip 1112 is encapsulated
in a molding compound 1122.

Referring now to FIG. 12, therein is shown a stacked two-die package system 1200
with a dual-type leadframe 1202 in accordance with a further embodiment of the present
invention. The system 1200 includes the leadframe 1202 having lead tips 1204 in first rows
1206 and second rows 1208. The input/output (I/O) count as determined by the number of



an active surface 1116. The bonding pads 1114 are bonded to bumps 1118
which are pressed into solder paste 1120 on the respective first and second
rows of lead tips 1106 and 1108, and reflowed to make the lead-tip-to-chip
bonds. The integrated circuit chip 1112 is encapsulated in a molding
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accordance with a further embodiment of the present invention. The system
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The second integrated circuit chip 1304 has first bonding wires 1318 bonded to a
plating layer 1320 on a second row of leads 1322. The Si spacer 1310 is thick enough to
allow clearance for the first bonding wires 1318 to have loops.

The third integrated circuit chip 1306 has second bonding wires 1324 to bond to a
plating layer 1326 on a third row of leads 1328.

An optional paddle 1330 is positioned below the first integrated circuit chip 1302.
The solder paste 1314 is reflow soldered to connect the first integrated circuit chip 1302 and
the third row of leads 1316 and the entire structure is encapsulated in a molding compound
1332.

Referring now to FIG. 14, therein is shown a stacked three-die package 1400 with a
dual-type leadframe in accordance with a further embodiment of the present invention.

The package 1400 has a first integrated circuit chip 1402, a second integrated circuit

chip 1404, and a third integrated circuit chip 1406. The first and second integrated circuit



plating layer 1320 on a second row of leads 1322. The Si spacer 1310 is

thick enough to allow clearance for the first bonding wires 1318 to have

loops. The third integrated circuit chip 1306 has second bonding wires 1324

to bond to a plating layer 1326 on a third row of leads 1328. An optional
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Jedated cireuit.chin 1406,(0,a fmber of ceate,pas 1430. An optional
paa%fe 14521%s pogﬁloned below fﬁegflrs'PPntegrateg'circuit chip 1402. The
soldeRgaxstaginpi isHEHM., serdokingel siey sormeasteitretdit stters gratedecisstsmcHipo.
ThéQ%RRM 1560 GRUBSIHEIHAG IS eRaapsyiRREMe HAQ!%“&&%KHH’QH&Q&%&%}S of
c

Referringg%ow to FIG. 15, therein is shown an integrated circuit package
leggstind pieb. | FHe loyRtama BHHRIKIOLRYTRSANAY LAY sE L i a block

1b@wipodirst @nttspoen o @wsiah row of leads in a block 1506; pressing the first row of
bumps into the solder paste on the first row of leads in a block 1508; reflow soldering the
solder paste to form solder and connect the integrated circuit chip to the first row of leads in a
block 1510; and encapsulating the integrated circuit chip, the bumps, the solder, and the dual-
type leadframe in a block 1512.

While the invention has been described in conjunction with a specific best mode, it is
to be understood that many alternatives, modifications, and variations will be apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.



leads in a block 1502; forming a first row of bumps on an integrated circuit
chip in a block 1504; placing solder paste on the first row of leads in a block
1506; pressing the first row of bumps into the solder paste on the first row of
leads in a block 1508; reflow soldering the solder paste to form solder and
TEGhREEEMBIIMEGEAEY IR dSit chip to the first row of leads in a block 1510;
and encapsulating the integrated circuit chip, the bumps, the solder, and the
dual-type 1€XUIGHAN] S5IYEREEIZE AR ARRESEIStion has been described
in coruméiion dithtgpspecifiarbe shvitadirsitdsd tedoadundarstoaddhat many
alterr}%yl\l/lens me (S:iif}g\%ti S n@lr%dog%gqrtlit%nsa t\évéllcprgm pparent to those skilled in
the art'in lllggnt of the aforegoing descrlp%iron. Accordingly, it is intended to
embralgeingl siddr pisermatibedirphaiificldodss, and variations which fall within
the seapeiql iericbiled sialsMvabRLs Aivieselassiagtdarts hsein or

shown in the acqom;éanying rawings are to be interpreted in an illustrative
and SRR Lertie s depasiiAERFmENde 2aR RS the TR SHYSg citeyt chip
circuit packagesyisterovcompiisingidforming a dual-type leadframe having first

and second rows qf leads: forming.a first row .of bumps on an int te
crcut s s o SRR R, B SR S0 R B e
row of bumpeaititanthe solder paste on the first row of leads; reflow soldering
the solder paste to form solder and connect the integrated circuit chip to the
first row of IERHISY SR A&l atinl iR MILFteuRIRLS chip, the bumps,

the seddingaddhadibi-tprnipadirametdsrdibe Systeirhas claimed in claim 1
furthec{ c((;srﬂprissi(r;lg:e foarS eir(1) : esseecogg Jow ¢ dflgllégngs ilon the integrated circuit
chip; depositing Solder paste on fhe second row of eads; and pressing the
secomerongdhbernpslirne thdwoidentpdbte ddetimasecorbermrood kadef 1@ds.
The system as claimed in claim 1 further comprising: etching the bottom of
the fi%t row GEI e 4RI S ORI BHh § TRy as claimed in

Clalme%'c}f)'ijr{éhtﬁg 8&%'8#%9&% first row of leads after reflow soldering.

4. The system as claimed in claim 1 further comprising:
singulating the dual-type leadframe to separate each of the leads in the first and

second rows of leads from each other.

5. The system as claimed in claim 1 further comprising:

forming a plating layer on the second row of leads;

bonding a second integrated circuit chip to the first integrated circuit chip; and

wire bonding the second integrated circuit chip to the plating layer on the second row

of leads.

6. The system as claimed in claim 5 wherein the wire bonding of the second
integrated circuit chip includes wire bonding to center pads on at least one of the integrated

circuit chips.

7. The system as claimed in claim 5 further comprising:
forming the dual-type leadframe with a third row of leads;
forming a plating layer on the third row of leads;

bonding a spacer to the second integrated circuit chip;

9



singulating the dual-type leadframe to separate each of the leads in the first
and second rows of leads from each other. 5. The system as claimed in
claim 1 further comprising: forming a plating layer on the second row of
leads; bonding a second integrated circuit chip to the first integrated circuit
chip; ridingre oA divegtriedsaomd inpag idtetbadeeuinehip to the plating layer

on thg, 38 60RO Me Qﬁi&%ﬂﬁ%g@até'm&bfﬁt@fﬂb as hlaimeddn oeimR wherein the
wire bonding of the second integrated circuit chip includes wire bonding to

centes. padsAaniat feast ofreutfthkdptegraied ovijgiiinghips. 7. The system as

claimgd in clai urther comprising: forming the dual-type Jeadframe with a
o 100 DG e 2 B v 0 e Hokig
spacer to thémelesnd integrated circuit chip; 9 bonding a third integrated

circuitghin §0, 1S $BR b ANAs Wi abanding sherthirdiyegrated circuit chip to
the third row of leads. 8. An integrated circuit package system comprising:

formiRG ATl R mE AN §é8ind second rows of leads with
groovesseingdia pies réorofibgnapfiisto aw afliiippsean ait integoated leirayit

chip; cing,solder paste on the first row of leads; pressing.the first.row of _ .
oS b BB S B M e e R P Ry i v
solder pastéaghfdiimt sevdef laads connect the integrated circuit chip to the first

row of Jeadsi-gncansilating e ntediale heiirtichine BRIBUMIRSHENR SAILSE 0

and the leadframe to form an encapsulated structure; and singulating the
encapsulatdd™&Riciirar Y aehsbystiis; aclaimed in claim 8 further
compyisgngitiigrrgasacentstawnat bumps on the integrated circuit chip;

9. The system as claimed in claim 8 further comprising:

forming a second row of bumps on the integrated circuit chip;

depositing solder paste on the second row of leads;

pressing the second row of bumps into the solder paste on the second row of leads;
and

reflow soldering the solder paste at one time.

10. The system as claimed in claim 8 further comprising:

etching the bottom half of the first row of leads after reflow soldering.

11. The system as claimed in claim 8 further comprising:
singulating the dual-type leadframe to separate each of the leads in the first and

second rows of leads from each other and a paddle.

12. The system as claimed in claim 8 further comprising:

forming a plating layer on the second row of leads;

bonding a second integrated circuit chip to the first integrated circuit chip; and

wire bonding the second integrated circuit chip to the plating layer on the second row

of leads.

13. The system as claimed in claim 12 wherein the wire bonding of the second
integrated circuit chip includes wire bonding to center pads on at least one of the integrated
circuit chips.

10



depositing solder paste on the second row of leads; pressing the second row
of bumps into the solder paste on the second row of leads; and reflow
soldering the solder paste at one time. 10. The system as claimed in claim 8
further comprising: etching the bottom half of the first row of leads after reflow
soldetihg. TheThgosysterhniaze¢liaintaisnihclaitresInPrET RO Mprising:

singufgting dhe-duirtyRe Ieafframe irssnasale each of the leads in the first
and second rows of leads from each other and a paddle. 12. The system as

claim BN AR E e bSO a plating layer on the second
row didedids;abpacing shseecanid integtatediaiicushghip to the first integrated
circuif chj wire bonding the S con nte rated circuit chip to the plating
Iayer%)nt e%g(rlldm%%{/ateﬂ%% g éptf)he S gtem asgclalmed in claim 12
whereinahengding heriblirig e grscdedsnt cntegritethieiteon ehipaidicludes wire
bonding to center pads on at least one of the integrated circuit chips. 10 14.

The system’ 35 BigHAkY Aretinrde oG REMNEING: forming the leadframe
with anthind giawddileaid sy forgirtg-a phaténgdaysr on the third row of leads;

bondln the econ tegrated rcwtc bondi
oo DR RhR I SRR SR T P B R R Bl g eacs
circuit chip R@MMi@dh@Wﬁfrlé’adébumSm th@egmw@wenmpanka@@l system

compgising, AR ipiggrates AUFiAIng A shARY Gfnes wAcHR YRS me.

leadframe having first and second rows of leads with the first row of leads

soldered to The HisteiovOthinyasiorthien inte gradadnCiteuidtioips aifdthe leads are
ear}g rsl% gg;[:he |r}t%g%ated circuit chip, the bumps, the solder, and the
The'S system as claimed in claim 15 wherein the bottoms of the

rame.
'eadslf# € The system as claimed in claim 15 further comprising:
a second row of bumps on the integrated circuit chip; and
the dual-type leadframe having the second row of leads soldered to the second row of

bumps on the integrated circuit chip.

18. The system as claimed in claim 15 further comprising:

a second integrated circuit chip bonded to the first integrated circuit chip;

a plating layer on the second row of leads; and

wire bonds connecting pads on the second integrated circuit chip to the plating layer

on the second row of leads.

19. The system as claimed in claim 18 wherein the wire bonds connect center pads

on at least one of the integrated circuit chips to at least one of the rows of leads.

20. The system as claimed in claim 18 further comprising:

a second integrated circuit chip bonded to the first integrated circuit chip;

a spacer bonded to the second integrated circuit chip;

a third integrated circuit chip bonded to the spacer;

first wire bonds wirebonding the second integrated circuit chip to the second row of
leads;

a third row of leads on the leadframe; and

11



characterized by being etched. 17. The system as claimed in claim 15 further
comprising: a second row of bumps on the integrated circuit chip; and the
dual-type leadframe having the second row of leads soldered to the second
row of bumps on the integrated circuit chip. 18. The system as claimed in
claims¢Sndrivise dondprisiegordsediedtivne ipterratedretitiehihibdndbel tyrtheow of
first integrated circuit chip; a plating layer on the second row of leads; and
wire bonds lﬁﬁ‘ﬁhecting pads on the second integrated circuit chip to the
plating layer on the second row of leads. 19. The system as claimed in claim
18 wherein the wire bonds connect center pads on at least one of the
integrated circuit chips to at least one of the rows of leads. 20. The system as
claimed in claim 18 further comprising: a second integrated circuit chip
bonded to the first integrated circuit chip; a spacer bonded to the second
integrated circuit chip; a third integrated circuit chip bonded to the spacer;
first wire bonds wirebonding the second integrated circuit chip to the second
row of leads; a third row of leads on the leadframe; and 11 second wire
bonds wirebonding the third integrated circuit chip to the third row of leads.
12
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