1 SEM CONDUCTOR PACKAGE W TH POSI TI ON MEMBER AND METHOD OF MANUFACTURI NG
THE SAME Field of the Invention [0001] The present invention generally

rel ates to seni conductor packages and packagi ng technol ogi es, and nore
particularly to a sem conduct or packagq with at | east one position nenber
and a method for manufacturing the sem'conductor package. Background of the
I nvention [0002] In sem conductor package designs, sem conductor dies are
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sem conduct or packages get | di ng cavity and nol di ng
gaps are so stretched that WGW‘?%%@ nol di ng conpound
covers the die(s). Therefore, any variation of conpound thickness wl|l
result in package warping. In addition, m smatch of coefficient of thermal
expansion (CTE) between vari ouFielhpbthedneention de a thin package can cause
huge warpage. [0003] Thin sem conductor packages enploy thin dies and

| eadfranes. As a result, when the die and |eadfranme thickness gets
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die pad to shift. [0004] Attenpts have been made to renedy the warpage
probl ens- for sem conduct or %a g g f )l e, U S 6,331,448 discl oses
a sem conduct or package thatP&¢ “é’e%ft neafioB e i ncl udi ng of fsets from
a maj or plane at a non-perpendicular angle thereto. It clains that the

of fsets are useful for preventing warpage, bow ng, skew ng, or other
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molding compound covers the dle(s) Therefore, any variation of compound thickness will
result in package warping. In addition, mismatch of coefficient of thermal expansion
(CTE) between various materials inside a thin package can cause huge warpage.
[0003] Thin semiconductor packages employ thin dies and leadframes. As a result,
when the die and leadframe thickness gets thinner, they are more prone to flexing during
the assembly process. FIG 1 shows an exemplary thin semiconductor package 1 that
comprises a split pad 2, a lead terminal 3, a die 4, a bond wire 5, and an encapsulant 6.
Since the gap between the pad and the upper molding surface (not shown) is very narrow,
the mold flow will cause the die to flex (from 4 to 4°) and the die pad to shift.
[0004] Attempts have been made to remedy the warpage problems for
semiconductor packages. For example, U.S. 6,331,448 discloses a semiconductor package
that comprises a leadframe including offsets from a major plane at a non-perpendicular
angle thereto. It claims that the offsets are useful for preventing warpage, bowing,
skewing, or other distortions of the semiconductor package when subjected to the high
temperature or changes in temperature. As another example, U.S. 6,020,221 discloses a
semiconductor device that comprises a stiffener member, where the stiffener member is

attachable to the semiconductor package substrate for purposes of minimizing package




war page. But none concerns the flexing problemof die and/or die-attach pad
during the nolding process. [0005] There are also attenpts nmade to renedy
t he di spl acenent of assenbly conponents during the nolding process of a
sem conduct or package. For exanple, U & 6,028,368 discloses a
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the di e gRdARs ofdihe1adll 3tdtes of a mold tooling when the device is positioned between the
mold plates to maintain the flexible tape substrate in a centralized position within a mold
chamber and inhibit the tape from bending as a molding compound flows into the chamber
during encapsulation. This may be perfectly suitable for flexible substrate when the
semiconductor device is bulky. As for thin semiconductor packages, however, both the

warpage and die/pad flexing have to be taken into consideration.
Summary of the Invention

[0007] Therefore, one of the objectives of the present invention is to provide a very
thin semiconductor package that has a good balance of warpage and die/pad flexing.

[0008] The present invention provides a very thin semiconductor package that, in
one embodiment, comprises a leadframe with a die-attach pad and a plurality of lead
terminals, a die attached to the die-attach pad and electrically connected to the lead
terminals via bonding wires, a position member disposed upon the die and/or die-attach

pad, and a molding material encapsulating the leadframe, the die, and the position member




pad, and-a nolding material encapsulating the | eadfrane, the die, and the
position nmenber 3 together to formthe sem conductor package. The position
menber is used for controlling the die Z-position within the very thin
sem conduct or package so as to prevent Jlarge variation from occurring
during the package assenbly process. [@009] The present invention further
provides a nethod for manufacturing a very thin sem conductor package. In
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[0012] Yet another advantage of the present invention is that the manufacturing
process for die stacking is well established and currently being done for System-In-
Package.
[0013] These and additional objectives and advantages of the invention will
become apparent from the following detailed description of preferred embodiments thereof

in connection with the accompanying drawings.
Brief Description of the Drawings

t0014] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0015] FIG 1 illustrates the die/pad flexing problem encountered in the molding
process of a very thin semiconductor package.

[0016] FIG 2A shows a cross-section view of one die-down very thin

semiconductor package in accordance with one embodiment of the present invention.



sem conduct or package in accordance with one enbodi ment of the present
invention. 4 [0017] FIG 2B shows a cross-section view of another die-down
very thin sem conductor package with an offset die-attach pad in
accordance with one enbodi nent of the present invention. [0018] FIG 2C
shows anot her enbodi nent of the di e-up4sem' conductor package that is
simlar to the one shown in FIG 2B. [0019] FIG 2D shows anot her enbodi nent
of the diwifgown sebiGo2Busitoovs packsgeectiont hiew Pl dnptiirediatdosrah verd .thin0020]
FI GS 3A-3E shows an illustrativ rocess.for .manufacturi.ng a very.thin
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embodi megf Rfpredei@niM@RENt | nvention. [0021] FIG 4 shows a very thin
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practice he principles of the present | nven s wll not
be provided herein for the sake of brevity and sinplicity. [0025] Briefly,
the very thin sem conductar package in, accordance with one enbodi nent of
the present invention conpP§tatied Besqriptionphthefnvention; o att ach pad and a

[0022] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0023] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0024] The present invention provides a very thin semiconductor package that has a
good balance of warpage and die/pad flexing, and a method for manufacturing the very
thin semiconductor package. Prior to detailed description of the package and method, it is
to be appreciated that the basic manufacturing technology and semiconductor designs are
well known to those skilled in the art. Therefore, if the missing of any details will not
affect the practice of the principles of the present invention, the details will not be provided
herein for the sake of brevity and simplicity.

[0025] Briefly, the very thin semiconductor package in accordance with one
embodiment of the present invention comprises a leadframe with a die-attach pad and a
plurality of lead terminals, a die attached to the die-attach pad and electrically connected to
the lead terminals via bonding wires, a position member disposed upon the die and/or die-

attach pad, and a molding material encapsulating the leadframe, the die, and the position




plurality of lead termnals, a die attached to the die-attach pad and
electrically connected to the lead termnals via bonding wires, a position
menber di sposed upon the die and/or die- attach pad, and a nol ding materi al
encapsul ating the | eadframe, the die, %_d the position 5 nenber together to
formthe sem conductor package. The position nmenber is used for
controlling the die Z-position within the very thin sem conductor package
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each part of the die-attach pad has a position member.
[0027] The leadframe could be preformed, e.g., at the tie bar, such that the position
member can always maintain a fixed height flush against the surface of the mold by the use
of spring effect from the down-set as shown in FIG 2B, 2C, and 2D. The leadframe may
be manufactured from any available leadframe material known to those skilled in the art.
In the preferred embodiment, the leadframe is composed of Cu, PPF, or Alloy 42.
[0028] The die-attach pad may have any suitable design. In certain embodiments,
the die-attach pad has a split configuration.
'[0029] The position members may be made of any suitable material. In the
preferred embodiment, the position members are composed of Si, Cu, or Epoxy.
[0030] The materials for die attach may be any available die attach material known
to those skilled in the art. In the preferred embodiment, the die attach material is paste,
tape, or deformable adhesives.
[0031] The wires for wire bonding may be any available wire bonding material
known to those skilled in the art. In the preferred embodiment, the wires for wire bonding

are composed of gold, copper, or aluminum.




preferred enbodi nent, the position nmenbers are conposed of Si, Cu, or
Epoxy. [0030] The nmaterials for die attach may be any avail able die attach
material . known to those skilled in the art. In the preferred enbodi nent,
the die attach material is paste, tape, or deformabl e adhesives. [0031]
The wires for wire bonding may be any ﬁ/allable wi re bonding materi al
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electrlcally connected to the lead terminals 11 of the leadframe by wire bonding 14 as
shown in FIG 3D. The wire bonding can be done using any of the available techniques
known to those skilled in the art. Finally, the leadframe, die, bonding wires, and position
member(s) are encapsulated by a molding compound 17 via injection molding as shown in
FIG 3E. The mold 18 can be any suitable molding device. It is to be appreciated that the
typical sequence of assembly of the package is not restricted to the sequences as described
above. For example, the attaching of the position member can be done before or after the
die attach process is completed. In addition, the position members are exposed at the
surface of the packages.

[0035] In certain embodiments, the position member may be made of thermal
conductive materials. When the adhesive materials used for the position member
attachment are thermal conductive, the exposure of the position members on the surface of
the very thin semiconductor package will enhance the thermal performance of the package.

[0036] Examples




typi cal sequence of assenbly of the package is not restricted to the
sequences as descri bed above. For exanple, the attaching of the position
menber can be done before or after the die attach process is conpleted. In
addition, the position nmenbers are expC},sed at the surface of the packages.
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center warps down. [0039] Table 1. Effects of different position nenber on
war pages tidd tlpaos;igb iof paaicagbwamStdhwpwdmsannmewb@s up Phsipus waipage meatrethat3x 3mm
(silicon)3x3 Control case4. 3um§3. 2umL8. 26um Ful |
pad- 35. 3 %m ag% Y and its center warps down.

[0039] Table 1. Effects of different position member on warpages

No position member | With position member | With position member
3x3mm (silicon) 3x3mm (copper)

Control case | 4.3um -33.2um 18.26um

Full pad -35.32um -64.25um -15.72um

[0040] The warpage tests were conducted with different sizes of position member.

When the package design with a split pad was tested with different sizes of position
members, the warpages increased with the increase of the sizes of position members. The

results are shown in Table 2.

[0041] Table 2 shows the effects of the size of position member on the warpages.
No position | position position position position
member member 1x1mm | member 2x2mm | member 3x3mm | member 4x4mm
4.3um -6.42um -17.52um -33.2um -51.81um

[0042] The introduction of a position member into a semiconductor package in

accordance with the principles of the present invention has been experimentally determined
to significantly increase the yield of the molding process during packaging. When
semiconductor packages are without any position members, the dies and bonding materials
can be subjected to substantial offset flexing by high speed molding processes. The offset

flexing has two effects on the final semiconductor packages: (1) the dies and bonding




[ 0040] The war page tests were conducted with different sizes of position
menber. When the package design with a split pad was tested with different
sizes of position nenbers, the warpages increased with the increase of the
sizes of position nmenbers. The results are shown in Table 2. [0041] Table
2 shows the effects of the size of posi®ion nenber on the warpages. No
position position position position position nmenbernenber | x| nmrenber

2x 2 e ingaterdsl 8 mmyelvise rtheix ol £o08tantscsod thamtlie7 package8 9112 bavé HisBhtisfadtog4 2]

The i ntroducti.on,of sitiqgn nber. into a m conduct o ackage in
Teeor Qandlictpii smtacThrRfiRs Lol Rlisds i A S Tt Rl CRCERSE vel)
exper i meRhitdntialRhPapdsielbn the ofidMekinganbibétah Sl SRR vENSubdtaltill Rhrpabss
nol di ng process during packagi ng. When sem conductor packages are w t hout

any posi tymeellyediseralify tthe atfeetsd packagos diomy furghes rapalicationan Naaldubihectveed t o

subst ant i of f.s flexi ng by high eed, mol din rocesses.. The off.set

Floxi ng. e SEspLIFEE ey ol bifhalD SRR Rub R R SER 25 b PSR i s
and bondisngb&eﬁﬁ@@lﬂhabﬁpmgé,ose their good contacts so that the packages
wi || have dissatisfactory electronic characteristics, and (2) the offset

di es and [#¥3di ng neYkil¢ alppsiiion wember gedisclosebiergin ran reduc fPsewrnbhe he

of fset fl exlng. i S i . r i.al r e I |y
di squal | POVl FocRPEh Abab oG, MRt RNE Tt Ran ARBRER R Y B8% 1.2
two eff actcptable ohfmges liltepacighgas.e Thotafdreimédtione® xehmpley éllushidie indtdassd can

both be present in a_ single sem conductor package. [0043] Wile a gosi tion
menber adVaipags|as fagsHEPES addiioneRf rasition Pemherky)- IAa@ddidiopspesHiananeniek age

war pages (feser Lhedaie e iHQI%.hSLeid% er can al so introduce snall but

accept abl e war pages i nto packages. e af ore-mentioned exanples illustrate
I ncr ease0044] Warpage is defined as the deviation of edges and center from an assumed

plane. When the position member and the remaining package are composed of different
materials, warpage may be increased. Moreover, it appears from the examples that the
material composition of the position member can further affect warpage. Routine
experimentation will determine appropriate selection of materials for a position-member.

[0045] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




war page as a result of the addition of position nenber(s). In addition,
position-nmenber size can correlate with increased warpages. [0044] Warpage
is defined as the deviation of edges and center from an assuned pl ane.
When the position nenber and the remaini ng package are conposed of
different materials, warpage may be i ®creased. Moreover, it appears from
the exanples that the naterial conposition of the position nenber can
further affect warpage. Routine experinentation will determ ne appropriate
selection of materials for a positiog-nﬁﬁ@er. [ 0045] While the present

i nvention has been described with r e to particular enbodinents, it

wi |l be understood that the enbodinents are illustrative and that the
invention scope is not so linmted. Alternative enmbodi ments of the present
i nvent i o'Whsthd clailoedaoste apparent to those having ordinary skill in the art

to which the present invention pertains. Such alternate enbodi nents are
considered to be enconpassed within the spirit and scope of the present

invention, Aceoyd fgh ¥YemicBRIRERACRIge! Onpisgpent invention is described by
t he appended clains and is sup orteg by the foregoing description. 9 CLAI M5

What is cl ai medeadframe with & phugalithphlesé terminathend v digratiachged; conpri sing: a
| eadf rame with (Iﬁl ura itt§ ﬁf | e%d termnals and a die-attach pad; a die
di sposed ont o 4R BEGPYRE e%‘&aa, a%\th rality of bonding wires electrically

connecting t hg plirgligd boRginp vidfedleldcyridly lceasbetih€ tHEl dighd thatpliraBtofaael
posi ti on nmenber disposed directly under the die or directly above the
di e- at t adsimieds;f or preventing | arge variation occurrence during package

assenbly proc X -l di C : .at | e rane,
fhe die he Aot d e BRRLT i Bl (REPHR bl Bt BBl ¥
t hi n semdeomeidhtpad fRaekadting 2argd ReriatRhyoctivréncs Auiif® patkape asspmblsagrecst; cl ai m
1, wherei ndthe die-attach pad has a split die-attach pad design.
an
a molding compound for encapsulating the leadframe, the die, the bonding wires,

the position member so as to form the very thin semiconductor package.

2. The very thin semiconductor package of claim 1, wherein the die-attach pad has a

split die-attach pad design.

3. The very thin semiconductor package of claim 1, wherein the package has two

position members so that one is disposed onto the die and another onto the die-attach pad.

4. The very thin semiconductor package of claim 1, wherein, when the die-attach pad

has a split die-attach pad design, each part of the die-attach pad has a position member.

5. The very thin semiconductor package of claim 1, wherein the leadframe is made of

at least one material selected from the group consisting of Cu, PPF, and Alloy 42.

6. The very thin semiconductor package of claim 1, wherein the position members are

made of at least one material selected from the group consisting of Si, Cu, and Epoxy.




3. The very thin sem conductor package of claim1, wherein the package has
two position nenbers so that one is disposed onto the die and another onto
the die-attach pad. 4. The very thin sem conductor package of claim1,
wherein, when the die-attach pad has ? split die-attach pad design, each
part of the die-attach pad has a positi%n menber. 5. The very thin

sem conduct or package of claim1l, wherein the |eadfrane is made of at

| east ond. mat dihkalers dlie s¢retohdustort faekageoaficldon s, whireig tbé pGitioPREmMbgnds Al | oy
42. 6. The very.thi

sem conduct or .package of claim1 . wherej.n t osition
renber s | AVEE THETER SIUEALR TG, PR SHFBc BETPRLRHE Y g
consi sti mght@ial ¥ use@for BRPoEIRION Ynerdtler AttachhfenY, &Ry exptistreSITThE isit Mempackage
of claim1, wherein the position nmenber is rmade of thermal conductive

mat eri al on theeswiface ohdhe aenhéhimasensisanidiston pacidigeswilk enhancer thgl thesmaked

for the pog’ti on an]‘ger attachnment, the exposure of the position nenber on
t he surf ZEEOTFAFRE rp?dﬁ%en sem conduct or package wi I | enhance the thernal
performance of the package. 8. The very thin sem conductor package of claim
1, wherein the wire bonding is made_ of at |east one material selected from

t he group- condibstvengthst segifendueiop pegkagaaiiclainy bi whereinghe wire boedipg {sypade
L or oy ; e e yor
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sem conduct or package, said nmethod conprising the steps of: providing a

| eadfrane with a plurality of lead termpals and a die-attach pad; .

di sposi n§- a f ilhetvepoibin seaticondneier Packagmed daigel.oyherein the Rosiion gegmbss ds an

di sposin i ide of the die-attach pad opposite to the first
posi ti on%%%éié&eﬁgg%?ﬁ%gﬁl y connecting die to the plurality of |ead
term nals; and encapsul ating the | eadfrane, die, bonding wires, and

ot hod oflOcl aimShot i HeRIGEHERES) HfY: Weh SEBFoBRucPs podeeh TCduml
posi tion . HBRLeE 1aiGhstdte top of the die opposite to the die-attach pad.
providing a leadframe with a plurality of lead terminals and a die-attach pad;
disposing a first position member to one side of the die-attach pad
disposing a die to another side of the die-attach pad opposite to the first position
member;
electrically connecting die to the plurality of lead terminals; and
encapsulating the leadframe, die, bonding wires, and position member so as to form

the very thin semiconductor package.

11.  The method of claim 10, further comprising the step of disposing a second position
member onto the top of the die opposite to the die-attach pad.

12.  The method of claim 10, wherein the disposing of die and position member uses

adhesives selected from the group consisting of glue, paste, tape and deformable material.

13.  The method of claim 10, wherein the electrically connecting of the die to the lead

terminals is done by wire bonding.




12. The method of claim 10, wherein the disposing of die and position
menber uses adhesives selected fromthe group consisting of glue, paste,
tape and deformable material. 13. The method of claim 10, wherein the

el ectrically connecting of the die to the lead termnals is done by wire
bondi ng. 11 14. The nethod of claim 10,1\/\,herei n the wre bonding is nade of
a material selected fromthe group consisting of gold, copper, and

al um numl415. Theenetbodoficleim dDawheredy thetvarebonditgisdhadextfi mmiatepabisdlesteda
split di ?-at ach pad deigﬂg &6. The net.hod of claim 10, wherein, when the
di e- at t adiPH N P consisiing dhgold, Gopperyand Alumipl® o “each part of the

di e-attach pad has a position nenber. 17. The method of claim 10, wherein
the leadframe is made of a material selected from the group consisting of
Cu, PPF, 1&nd Alheopethod ofg:laivhd0nwhhwsin dfe diestiach pad iae reesmlit tdie-afianti padon
menber is, npade of a material selected fromthe group consisting of Si, Cu,
and Epoxf.eSl%@. The nmet hod of claim 10, wherein the position nenber is nmade
of thermal conductive nmaterials; thereby, when a thermal conductive
adhesive material is used for the _position nenber attachnent, the exposure

of the pdéiti diberpathrd olorlainh 0. stherdipevim thedic-aftarly pachhas asspbif disraiaeh
package ‘“f%‘ﬁn\?é%@ﬁﬁ 0{ %dﬁ@%ﬁba@ﬁﬁ%@é@tﬁ%@n@&b&he package. 20. The net hod
m 10; erein I'on ne

of clai € posi ris an rnfegral part of the
| eadf ranme. 21. A method for manufacturing a very thin sem conductor

package, said _pethod conprising the steps. of: providing a_ leadfr with a
plurality’ef IThgdnsthedphelpign Ko,qv rﬁnéheal@%%awplad@adem%@g&%@d s eﬁﬁigrggl one

si de of :tﬁ%gtg}lg?@ﬁsté%gg()@%;’})ﬁs&gﬁl @ first position nmenber to the other

si de of trically connecting die to the plurality of |ead

term nals; and encapsul ating the | eadfrane, die, bonding wires, and
osition nmb so as .to. form_ the very thin sem copductor  package, .
P lrg? eIrhe method of cla{m 10, w ereei‘nyche pOQithIl member {:s madf? of a I%aterlal

selected from the group consisting of Si, Cu, and Epoxy.

19.  The method of claim 10, wherein the position member is made of thermal
conductive materials; thereby, when a thermal conductive adhesive material is used for the
position member attachment, the exposure of the position member on the surface of the

very thin semiconductor package will enhance the thermal performance of the package.

20.  The method of claim 10, wherein the position member is an integral part of the

leadframe.

21. A method for manufacturing a very thin semiconductor package, said method
comprising the steps of:
providing a leadframe with a plurality of lead terminals and a die-attach pad;
disposing a die to one side of the die-attach pad;
disposing a first position member to the other side of the die;
electrically connecting die to the plurality of lead terminals; and
encapsulating the leadframe, die, bonding wires, and position member so as to form

the very thin semiconductor package.



12 22. The nethod of claim 21, further conprising the step of disposing a
second position nenber onto the other side of the die-attach pad opposite
to the die. 23. The nmethod of claim 21, wherein the disposing of die and
positi on nenber uses adhesives selected fromthe group consisting of glue,
paste, tape and deformable material . 242 The nmethod of claim 21, wherein
the electrically connecting of the die to the lead termnals is done by
wire bondi2zng. Ths.méfhed ofitlaiod? hffudheicondiisingtike stem of dispasingea fxenod popitien made

of a material selecte f.ro he. group consi sting, of,. gold, copper, and

o1 uni marmhRver S it PiREF OL e iR Seh R PRPGSE AEBG it t ach pad hae. a
split die-attach pad design. 27. The nethod of claim2l, wherein, when the
di e-attach pad has a split die-attach pad design, each part of the

di e- at t ad. padheasethopof clairor lnsvhewmin tiR8disfasengref die cind fpositian menberwises ei n
the leadfr

R R e e R R R I

menber is made of a material selected fromthe group consisting of Si, Cu,
and Epoxy. 30. The nethod of claim 21, wherein the position nmenber is nmade
of thermt cdigusethedohelein 23] wherehetheslecingalin canndstingraf theadiel te thevead
adhesi vetmatigrli 1asl oins u%veipe f%rithe position nenber attachnent, the exposure
of the po%rlnh%?ﬁ r’fier’rﬁgy on ]%Qngnﬁurface of the wvery thin sem conductor
package wi |l enhance the thernmal performance of the package. 31. The net hod

of claim21, wherein the position nenber is an_integral part of_ the
| eadf r ame5-  The method of claim 21, wherein the wire bonding is made of a material selected

from the group consisting of gold, copper, and aluminum.

26.  The method of claim 21, wherein the die-attach pad has a split die-attach pad

design.

27.  The method of claim 21, wherein, when the die-attach pad has a split die-attach pad

design, each part of the die-attach pad has a position member.

28. The method of claim 21, wherein the leadframe is made of a material selected from

the group consisting of Cu, PPF, and Alloy 42.

29.  The method of claim 21, wherein the position member is made of a material

selected from the group consisting of Si, Cu, and Epoxy.

30.  The method of claim 21, wherein the position member is made of thermal
conductive materials; thereby, when a thermal conductive adhesive material is used for the
position member attachment, the exposure of the position member on the surface of the

very thin semiconductor package will enhance the thermal performance of the package.

31.  The method of claim 21, wherein the position member is an integral part of the

leadframe.




