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of the Invention The patent invention relates to a gfb Q}Wjéﬁﬁig de 5
for a sem conductor device that includes a netal he spreader havi ng an

exposed surface. The heat spreader has a raised seal ring around the

peri phery of that exposed surface that prevents plastic nol ding conpound
from bl eedi ng over the exposed surface of the heat spreader during the
encapsul ation 10 process. 2. Brief Description of the Art Ml ded plastic
el ectroni c packages provide environnental protection to integrated circuit
devi ces. Packages such as 15 the QFP (quad flat package) and PLCC
(plastic-leaded chip carrier) protect an encapsul ated device from

contami nants such as noisture as well as from nmechani cal shock. One nol ded
pl astic package is il | uBR¥RASRP i(HEAT SPRENDER WIFH FEAG7 RING t 0 Suzuki et
al . The package has a |l eadfrane with a centrally 20 positioned die attach
pad. The sem conductor device is bonded

BACKGROUND OF THE INVENTION

1. Field of the Invention
The patent invention relates to a molded plastic package
5 for a semiconductor device that includes a metal heat spreader
having an exposed surface. The heat spreader has a raised
seal ring around the periphéry of that exposed surface that
prevents plastic molding compound from bleeding over the

exposed surface of the heat spreader during the encapsulation

10 process.

2. Brief Description of the Art
Molded plastic electronic packages provide environmental
protection to integrated circuit devices. Packageé such as
15 the QFP (quad flat package) and PLCC (plastic-leaded chip -
carrier) protect an encapsulated device from contaminants such
as moisture as well as from mechanical shock. One molded
plastic package is illustrated in U.S. Patent No. 4,707,724 to
Suzuki et al. The package has a leadframe with a centrally
20 positiomed die attach pad. The semiconductor device is bonded
to the pad and electrically interconnected to the inner ends
of the leadframe. A polymer molding resin encapsulates the
device, die attach pad and inner lead ends.
One disadvantage with molded plastic packages is poor
25 thermal dissipation. During operation, the semiconductor
device generates heat which must be removed to maintain the

operating integrity of the device. While some heat is



to the pad and electrically interconnected to the inner ends of the

| eadf rame. A pol ynmer nol ding resin encapsul ates the device, die attach pad
and inner |ead ends. One di sadvantage with nol ded pl astic packages is poor
25 thermal dissipation. During operation, the sem conductor device
generates heat which nust be renoved to naintain the operating integrity of
the device. Wile sone heat is di ssi pated through the bonding wres and
| eadf rane, the remai nder is absorbed into the nolding resin. The nol di ng

resinis adpssipahednahrougﬂutherbendihg diveseaténpeadfvamew thei ncrease
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sem conduct or _devi ce wi thout a resultant excessive increase in device
will increase unless the power provided to the device is

5 limited.
Incorporating a heat spreader into the molded plastic
package provides an enhanced path for thermal dissipation. As
a result, more power may be provided to the semiconductor
device without a resultant excessive increase in device
10 temperature. The heat spreader, which is usually copper or
aluminum, is embedded in the moiding resin, usually below the
die attach pad, reducing the amount of molding resin through
which heat must pass to reach a surface of the package.
In addition to copper or aluminum, heat spreaders formed
15 from composites having a copper or aluminum component and a
lower coefficient of thermal expansion component are disclosed
in U.8. Patent No. 5,015,803 to Mahulikar et al.
Various other improvements to heat spreaders have been
made. For example, U.S. Patent No. 5,367,196 to Mahulikar et
20 al. teaches the use of an adhesion enhancing layer on an
aluminum heat spreader. This adhesion enhancing layer may be
anodized aluminum, chromium, zinc, a mixture of chromium and
zinc or a mixture of chromium and phosphorous. This layer
improves both thermal dissipation and adhesion to the molding
25 resin. r
U.S. Patent No. 5,530,295 to Mehr discloses a nickel-
plated copper or anodized aluminum heat spreadexr that has a
pair of oblique steps that engage the dielectric housing of
the electronic package and ensure the heat spreader does not

30 become detached from the package. The heat spreader in this



10 tenperature. The heat spreader, which is usually copper or alum num
I's enbedded in the nolding resin, usually below the die attach pad,
reduci ng the anmount of nolding resin through which heat nust pass to reach
a surface of the package. In addition to copper or alum num heat spreaders
formed 15 from conposites having a copper or alum num conponent and a

| oner coefficient of thermal expansion conponent are disclosed in U S.
Patent No. 5,015,803 to Mahulikar et al. Various other inprovenents to heat
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has a pair of "oblique steps that éngage the dielectric housing of
thereon.

U.S. Patent No. 5,641,987 to Lee discloses a heat
spreader for a semiconductor package containing a plurality of
rectangular openings broadening radically outwardly from a

10 center pad. These openings are surrounded by regularly spaced
indentations and alternating outwardly pointing and downwardly
pointing projections.

U.S. Patent No. 5,652,461 to Ootsuki et al. teaches the
use of a convex heat spreader for a semiconductor device. The

15 heat spreader is made from a high.heat—conductive material
such as copper, aluminum, silver, gold and alloys thereof.

U.S. Patent No. 5,656,864 to Mitsue et al. discloses a
semiconductor device having a two-part molded package and a
supporting member made of anodized aluminum alloy plate that

20 has through holes therein so that a molding resin flows during
the molding of the package.

U.S. Patent No. 5,814,878 to Hirakawa et al. is directed
to heat-sink that has grooves formed in its internal top
surface to suppress thermal resistance and to improve loss

25 heaﬁiﬁg radiating efficiency.

U.S. Patent No. 5,757,070 to Fritz teaches an integrated
circuit package in which the lead fingers are spaced away from
a copper heat spreader (or heat sink).

U.S. Patent No. 5,793,613 to Poinelli et al. is directed

30 to a molded plastic material package for a semiconductor



the el ectronic package and ensure the heat spreader does not 30 becone
detached fromthe package. The heat spreader in this 2 patent al so
contains a pair of alignnment holes that are adapted to receive
corresponding nold alignnment pins. U S. Patent No. 5,608,267 to Mahuli kar
et al. discloses a heat spreader made of alum num titanium zinc,
magnesi um and 5 alloys thereof and having an anodi zation | ayer coating
thereon. U S. Patent No. 5,641,987 to Lee discloses a heat spreader for a
sem condueil@ictpasiiagltadaithaty magplaurfallily iofsuletteandurer teeart sgnk
broadening radically outwardly froma 10 center pad. These openings are
surrounde&@§FIPé§ularly spaced i ndentations and alternating outwardly

poi nting and deywyargldeROiNg | g gy PiLct ItNFeHd SeddteaNta Nu113s 652, 461 to
Oot suki et al. teaches the
insulated heat-sink that has a side surface formed with a
5 relief to allow flowable mold resin to pass thereby.

One of the difficulties encountered during the
encapsulation of molded plastic packages with a drop-in
exposed heat spreader is the flashing or bleeding of the mold
compound onto the exposed area of the heat spreader. This

10 resin bleed problem is influenced by several factors; such as
proper mold gating design, flow characteristics of the mold
compound, molding parameters, thickness of the heat spreader,
and flatness of the exposed area of the heat spreader. This
latter factor of flatness is often difficult to achieve due to

15 sgeveral inherent characteristics of heat spreader
manufacturing processes, namely, the presence of burrs
(unwanted metal protrusions left on the work piece as a result
of mechanical operations) along the edges of the exposed area,
surface imperfections, and/or foreign materials left on the

20 exposed area of the heat spreader. | |

The presence of such an undesirable thin layer of plastic
molding compound on the exposed area acts as an insulation to
the heat spreader which could adversely affect the thermal
performance of the semiconductor device. This resin bleed is

25 also éoémetically unacceptable to a number of customers.
Furthermore, this thin layer of resin sitting on top of the
exposed heat spreader area has the potential of breaking off
as loose particles which could create mechanical or electrical
contact problems to electrical test handling systems. The

30 present invention offers a solution to these problems caused



use of a convex heat spreader for a sem conductor device. The 15 heat
spreader is made from a high heat-conductive material such as copper

al umi num silver, gold and alloys thereof. U S. Patent No. 5,656,864 to
Mtsue et al. discloses a sem conductor device having a two-part nol ded
package and a supporting nenber made of anodi zed al um num al |l oy plate that
20 has through holes therein so that a nolding resin flows during the
nol di ng of the package. U.S. Patent No. 5,814,878 to Hrakawa et al. is

directed Lo hpak- shhk thgbrhag gLAS¥Es heLABHgG Bomb&uhAt 8ANBhet BRaSUr f ace
to suppress thermal resiStance and to inprove loss 25 heating radiating
ef fi ci encypreagerpgt eFPorRgd SUFSEACEP0 to Fritz teaches an integrated
circuit package in which the lead fingers are spaced away from a copper
heat spreader (or heat sink). U S. Patent No. 5,6793,613 to Poinelli et al.
Is directed 30 to a nolded plastic material package for a sem conductor 3

5 BRIEF SUMMARY OF THE INVENTION

Accordingly, one aspect of the present invention is
directed to a metal heat spreader useful in an encapsulated
semiconductor package having at least one surface that will be
exposed after encapsulation of the package and having a raised

10 seal ring around the perimeter of that surface.

Another aspect of the present invention is directed to an
encapsulated semiconductor package, comprising;

(a) at least one semiconductor device;

(b) a metal heat spreader that has at least one surface

15 exposed to ambient and the perimeter of that exposed surface
having a raised seal ring border;

(c) a leadframe having a plurality of inner and outer
leads, said inner leads interconnectéd to salid semiconductor
device; and

20 (d) a molding resin encapsulating said semiconductor
device, said inner leads of said leadframe and all of the heat

spreader except that exposed surface having the seal ring

border.

25



el ectronic device that has a fully insulated inner heat sink material. U.S.
Patent No. 5,859,477 to Fehr teaches a fully insul ated heat-sink that has a
side surface formed with a 5 relief to allow flowable nold resin to pass
thereby. One of the difficulties encountered during the encapsul ati on of

nol ded pl astic packages with a drop-in exposed heat spreader is the
flashing or bleeding of the nold conpound onto the exposed area of the heat
spreader. This 10 resin bleed problemis influenced by several factors;

such as proper nold gating degegnpekcRwpeRairasreridt bRawekekhe nol d
conpound, nol ding paranmeters, thickness of the heat spreader, and fl atness

of .the exposed BFeéa bfsheEs htta spresgierectinral aferredentatior 4 mehded is
of ten di 15 eubisL0pachheyes b0 dBing ey ke | HASEEN, g AGL el Sti s of
heat spreader manufactufing processes, nanely, the presence of burrs
(unwant ed expasedranrfzconss| shownnin hehewpki@r exet as a resul t
5 FIG. 2 shows in cross-sectional representation a molded
plastic package incorporating a metal heat spreader in
accordance with an embodiment of the invention.
FIG. 3 shows a top view of another heat spreader of the
present inventfgn.
10 FIG. 4 shows a cross-sectional view of the heat spreader
of FIG. 3.
FIG. 5 shows an exploded view of portion 5 of FIG. 4
showing in detail the seal ring of the present invention.
FIG. 6 is an isometric view of another heat spreader
15 design of the present invention.

FIG. 7 is a top view of the heat spreader of FIG. 6.
FIGS. 8 and 9 are side views of the heat spreader of FIG.



of mechani cal operations) along the edges of the exposed area, surface

I nperfections, and/or foreign nmaterials left on the 20 exposed area of the
heat spreader. The presence of such an undesirable thin layer of plastic
nmol di ng conpound on the exposed area acts as an insulation to the heat
spreader which could adversely affect the thermal perfornmance of the

sem conduct or device. This resin bleed is 25 also cosnetically unacceptabl e
to a nunmber of custonmers. Furthernore, this thin layer of resin sitting on

top of the expos SR Lal..Qf i;ng of f as
| oose particles %ﬁ%%&%&@ﬁﬁ%@?%@%ﬁ %&qu g’ct
problens to electrical test hgpdtERIPEESERTEINVERTEON present invention
offers -a solution to these probl ens caused 4 by this thin | ayer of

pl asti c nol di ng conpound on the heat spreader's exposed surfaces.
FIG. 1 shows a prior art molded plastic QFP package 100

5 with an black-anodized aluminum exposed drop-in heat spreader
200 which is similar to those electronic packages described in
U.S. Patent No. 5,367,196 and 5,608,267 to Mahulikar et al.
One such heat spreader is the DISSIPATER™, available from
Advanced Interconnect Technologies, Inc. of Manteca,

10 California. Package 100 includes a semiconductor chip 102
attached to leadframe die pad 106 using a polymer material
104, which is typically epoxy or silicone mixed with silver
fillers to enhance both its thermal and electrical properties.
Electrical connection from chip 102 may be made by a plurality

15 of bond wires 103 to a plurality of bonding surfaces near the
inside tips of leadframe 105, although other interconnection
schemes such as tape automated bonding or flip clip may be
utilized. '

After wirebonding, the backside of leadframe pad 106 is

20 then disposed either upon or adjacent to the inside surface of
heat spreader 200 and the whole assembly encased in a molding
compound 101, which is typically thermosetting epoxy or
silicone material. During the molding process, mold compound
101 is subjected to high temperature (typically 175°C) and

25 pressure (typically between 800-1000 psig). At these
temperature and pressure conditions, mold compound 101 turns
into a low-viscosity fluid for several seconds until it sets.
In this prior art embodiment, the exposed surface of heat
spreader 200 meets the plastic molding material at 202.

30 During the encapsulation process, some of the plastic molding



5 BRI EF SUMVARY OF THE | NVENTI ON Accordingly, one aspect
of the present invention is directed to a netal heat spreader useful in an
encapsul at ed sem conductor package having at |east one surface that will be
exposed after encapsul ation of the package and having a raised 10 seal
ring around the perineter of that surface. Another aspect of the present

I nvention is directed to an encapsul ated sem conduct or package, conpri sing;
(a) at |east one sem conductor device; (b) a netal heat spreader that has

at | east S appl ent yand,t ripeLer Pftﬁgat _
exposed sur a%%{ 33@% 5%f§§?s% ré%%lf¥$%g£%oPger$8Y€§_aﬂ$ead?rane having a
plurality eXposedrsanfacese20l eafisthsaheat nmpereddeds20mt er connected to said

Sem conduct o dtFee? SEPHE! Hher oTRaREheRt o3F (RS ATF SRR AFAVSRFLOR The
heat spreaaeingxekpt QFhapaexpesedesigh agemiByt Neothigasedf Fid@0 POrderis
5 invention further includes a seal ring 203 around the edges of
the exposed area 201 of heat spreader 200. Seal ring 203 is
typically about 0.13 to 0.76 millimeters in width and about
0.0076 to about 0.033 millimeters in height. Preferably, the
seal ring is about 0.05 millimeters in width and 0.02
10 millimeters in height. The seal ring is formed by coining an
indentation in a work piece to produce a flat base surface and
sidewalls which are perpendicular to the part base. By having
the seal ring 203 be the area of contact between the mold
surface 204 and surface 201 of heat. spreader 200, it acts as a
15 dam to prevent the mold compound from bleeding over the rest
of the exposed area of the heat spreader during the
encapsulation process.

The heat spreader of the present invention may be made of
any metallic material ordinarily used for that purpose. This

20 includes any of the metals taught in the U.S. patents
discussed above. Copper and aluminum (and alloys thereof)
heat spreaders are preferred and aluminum heat spreaders with
an anodized surface are particularly preferred. Preferred
aluminu@ alloys are those designated by the AAI (Aluminum

25 Association, Inc.) in their publication, Aluminum Standards
and Data, as 3xxx and 6xxxX series.

Alloys of the 3xxx series contain up to about 1.5 percent
by weight manganese, along with other alloying elements. The
alloys are characterized by good thermal conductivity and

30 about 20% higher strength than alloys designated as 1xxx

series (greater than 99,00% aluminum) .



25 5 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 shows in a cross-sectional
representation a nol ded plastic package incorporating a heat spreader
havi ng an exposed surface as shown in the prior art. 5 ~ FIG 2 shows
in cross-sectional representation a nolded plastic package incorporating a
nmetal heat spreader in accordance with an enbodinent of the invention. FIG
3 shows a top view of another heat spreader of the present invention. 10
FIG 4 shows a cross-sectional view of the heat spreader of FIG 3. FIG 5

h expl od view of portion 5 of FIG 4 showing in detail the seal
o or e SV E o ERE ek ER SeBlet contathol | to akaiord st ner neat

Sp{eader percent by weight manganese, along with magnesium and silicon
in an approximate proportion to form Mg,Si. The alloys are
characterized by good formability and good machinability.

5 They are heat treatable land form a precipitation hardened
alloy.

A most preferred aluminum alloy is aluminum alloy 6061,
which has a nominal composition of about 0.30 percent by
weight copper, about 0.15 percent by weight manganese and the

10 balance aluminum. A black anodization layer may be formed by
integral color anodization in an electrolyte containing a
mixture of sulfuric and sulfosalicylic acids in a
concentration range of from about 1-4 g/l H,;80, and from about
50-120 g/1 C;H¢O¢S. The cell voltage is rapidly increased such

15 that the current density increases from zero to over 7.53 A/dm?
(70 ASF) within about 3 minutes. This anodization process is
described in more detail in U.S. Patent No. 5,066,368. The
adhesion of the molding resin to the anodized heat spreader is
further enhanced by mechanical locking. By proper control. of

20 the anodization parameters, pores of a desired size form in
the anodization layer. A pore size of from about 50 to about
500 angstroms provides enhanced adhesion without weakening the
strength of the layer. A preferred pore size is from about 75
to about 200 angstroms.

25 FIGS. 3, 4 and 5 describe another preferred design of a
heat spreader of the present invention. Heat spreader 300 has
a plurality of fins, e.g., eight fins 301, to help dissipate
heat and improve adhesion to the mold compound 101 in FIG. 1.
Any number of fins between 2 and 16 or a greater number may be

30 suitable. Each fin 301 has a locking hole 302 to anchor the

heat spreader in the package. Heat spreader 300 has two



15 design of the present invention. FIG 7 is a top view of the heat
spreader of FIG 6. FIGS. 8 and 9 are side views of the heat spreader of
FIG 6. 6 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS OF THE
PRESENT | NVENTION FIG . shows a prior art nolded plastic QFP package 100 5
wi th an bl ack-anodi zed al umi num exposed drop-in heat spreader 200 which is
simlar to those el ectronic packages described in U S. Patent No. 5,367,196
and 5, 608, Z6/et® Mhunkaz0e!l auridne ttheelerwsdsslmteibsterpracdde, the

e ety P Fort S UTESE, LY cortecle JSEIS 08 £ pdEsn”
attached tat &1 anerilk esPad JOPEAc: Mo &Pl ypwsr NRdwsr ad 04 0fs adwsh is
typically epoxy or silicone mxed with silver
covered by the plastic molding material. The upper surface
5 306 of the upper layer 304 is exposed to the atmosphere to
allow heat to radiate from the encapsulated package. Upper
surface 306, as shown in FIG. 3, has eight equal sides and the
distance across the exposed surface (Dimension A) is 16
millimeters. The distance from the edge of the upper surface
10 307 to the inner intersection of adjacent fins 301 (Dimension
B) is 0.62 millimeters. The acceptable range for Dimension B
is from 0.50 millimeters to 2.8 millimeters. The preferred
value from Dimension B is 0.55 - 1.1 millimeters. 1In FIG. 5,
the side surface 305 and edge of upper surface 306 of FIG.4
15 are enlarged the clearly show the ring seal 307 of the present
invention. This enlarged view shows the height of side
surface 305 (Dimension C) is 0.43 millimeters and the width of
seal ring (Dimension D) is 0.38 millimeters and the height of
the seal ring (Dimension E) is 0.03 millimeters. The
20 acceptable range from Dimension C is from 0.15 millimeters. to
1.0 millimeter. The preferred value for Dimension C is 0.5
millimeters. Like the first embodiment shown in FIGS. 1-2,
this heat spreader is made of anodized aluminum alloy. The
preferred aluminum alloys are those designated by the AAT
25 (Alum%ngm Association, Inc.) in their publication, Aluminum
Standards and Data, as 3xxx and 6xxx series. A most preferred
aluminum alloy is aluminum alloy 6061, which has a nominal
composition of about 0.30 percent by weight copper, about 0.15
percent by weight manganese, and the balance aluminum. The

30 anodization thickness is 0.008 to 0.025 millimeters thick.

10



fillers to enhance both its thermal and el ectrical properties. Electrical
connection fromchip 102 nmay be nade by a plurality 15 of bond wires 103 to
a plurality of bonding surfaces near the inside tips of |eadframe 105,

al t hough ot her interconnection schenes such as tape autonated bonding or
flipclip my be utilized. After w rebonding, the backside of |eadfranme pad
106 is 20 then disposed either upon or adjacent to the inside surface of
heat spreader 200 and the whol e assenbly encased in a nol ding conpound 101,
whi ch is typi ca&lIGs .t $ertwo Setshiony ampdhe roemdodiovens it Shiealbredenitng t he

nmol di ng pr.ocess,. nol d _conpaund 101 .is subjected t i ture

(typi cal | y™¥7E6E %ind %%ﬁrses?éﬁ?r‘“@l&'y%\e% A %ﬁ&d\%ergﬁ%@o%‘?‘%g%&ﬁ%i 9). At

t hese temMeraing @& cand 4D2es3id @ oeandillow@is 1 ayeird 4oanpewndol@] padres dfnit o a
| owviscosity fluid for several seconds unti l it]§eés In this prior art

enbodi mentt1fshé %bhepo FF s B @ foff 1Mgatt 0dphesu &y IRGe &0 astic

nol di ng NMabRIdedln at MR 30 PN 028 LRERRS Wald Yvidleee Svers A the
plastic nmolding 7

layer 401. Upper layer 403 is edge step beveled over middle
layer 402. Upper layer 403 has a perimeter seal ring 407.
When used in an encapsulated package, lower layer 401, middle
layer 402 and side surface 408 of the top layer 403 will be

10 covered with plastic molding material and only top surface 409
with the seal ring 407 will be exposed to radiate the heat of
the package. The width and height dimensions of the seal ring
of this embodiment and the other embodiments discussed above,
are’ about 0.5 % 0.4 millimeters and 0.02 * 0.014 millimeters,

15 respectively. It is preferred that this heat spreader
embodiment also be made of anodized aluminum alloy designated
as 3xxx or 6xxx series by the AAT (Aluminum Association,
Inc.). A most preferred aluminum alloy is aluminum alloy
6061, which has a nominal composition of about 0.30 percent by

20 weight copper, about 0.15 percent by weight manganeée, and-thé
balance aluminum.

While the invention has been described above with
reference to specific embodiments thereof, it is apparent that
many changes, modifications and variations can be made herein.

25 .Accordiﬂgly, it is intended to embrace all such changes,
modifications and variations that fall within the spirit and

broad scope of the appended claims.
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material may bleed across line 202 to cover areas of the exposed surfaces
201 of the heat spreader 200. FIG 2 shows the enbodi nent of the present
i nvention using the QFP package design simlar to that of FIG 1. This 5

invention further includes a seal ring 203 around the edwﬁmm'”mu d
area 201 of heat spreader 200. Seal ring 203 is typicall}® ﬁmHm
0.76 mllinmeters in width and about 0.0076 to about 0.033 milimeters in
hei ght. Preferably, the seal ring is about 0.05 mllineters in wdth and
0.02 10 wHAT iTeteuAINED hE$ght. The seal ring is forned by coining an

indentation in a work piece to produce a flat base surface and sidewalls
whi ch are perpendicular to the part base. By having the seal ring 203 be

the area of confacty hedvEemddte sph<hady f @ 20b @nd osur fiaser A0k ofadeat .
spreader 200, it _acts as a 15 damto prevent the nold conpound from

bl eedi ng VVEAPIHAES t SYPLEIRAUSERE RPHFaEE ofl GHe HeeEinS Rted®BAStd @ity t he
5 surface (201; 306; 409) that will be exposed after

encapsulation of the package (100) and a raised seal ring

(203; 307; 407) around the perimeter of that surface.

2. The heat spreader of claim 1 wherein the metal is

10 aluminum or aluminum alloy.

3. The heat spreader of claim 2 wherein the aluminum

heat spreader (200; 300; 400) has an anodized surface.

15 4. The heat spreader of claim 1 wherein the seal ring
(203; 307; 407) has a width of about 0.5 * 0.4 millimeters and

a height of about 0.02 £ 0.14 millimeters.

12



encapsul ati on process. The heat spreader of the present invention may-be

made of any netallic material ordinarily used for that
i ncludes any of the netals taught in the U S. patents ummmﬂ ,Q@Hiﬂ
Copper and al um num (and al |l oys thereof) heat spreaders*ar®e premer nd
al um num heat spreaders wth an anodi zed surface are particularly

preferred. Preferred alum numalloys are those designated by the AA

(Alum numr 25 g Assqei sdhbndyttor E&éﬂg@é’ (qlmj)l Ctdripgdlg illgim num St andar ds
and Data, as 3xxx and 6xxx series. | oys of the 3xxXx sériés contain up.to

about 1.5 perceff) byateleprt %WO@W%QWJ&%e@% lioyi ng el ement s.
The alloys are gharagtieriz d:bé’acf&%‘)d( (fbe-r o CUWBICtind L YhaAN G 30 aut  20%
nat e

hi gher strength than alloys | XXX series (greater than 99, 00%
al um num. 8 one surface (201 306; 409) exposed to ambient and

5 the perimeter of that exposed surface having a
raised seal ring border (203; 307; 407);
(c) a leadframe (105) having a plurality of inner and
‘outer leads (103), said inner leads
(103) interconnected to said semiconductor device;
10 and
(d) a molding resin (101) encapsulating said
semiconductor device (102), said inner leads .(103)
of said leadframe and all of the heat spreader (200;
300; 400) except that exposed surface having the

15 . seal ring border (203; 307; 407).

6. The package of claim 5 wherein the metal heat -
spreader (200; 300; 400) is made of aluminum or aluminum
alloy.

7. The package of dlaim?s wherein the aluminum-héét'

20 spreader has an anodized surface.

8. The package of claim 5 wherein the seal ring (203;
307; 407) has a width of about 0.5 * 0.4 millimeters and a

height of about 0.2 + 0.014 millimeters.

13



Al'l oys df the 6xxx series contain up to about 0.15 percent by wei ght .
manganese, along with magnesium and silicon in an approxi mate proportion to
form My2Si. The all oys are characterized by good formabilityrh e Been Replaced
machi nability. 5 They are heat treatable land forma precipit
alloy. A nost preferred alum numalloy is alumnum alloy 6061, [
nom nal conposition of about 0.30 percent by wei ght copper, about 0.1
percent by wei ght nanganes (e eo;OTHQaFggg okl num A bl ack
anodi zation | ayer may be fornmed by integral col or anodi zation in an
el ectrolyte containing a m xture of sulfuric and sulfosalicylic acids in a
concentration range of skrosEabaghTlsi#rgAbEk2EOtmandat.,r amvgbout 50-120 g/ |
C7H606S. The cell voltage is rapidly increased such 15 that the current
density increases fromzero to over 7.53 A/dM2 (70 ASF) within about 3
m nutes. This AnGRDPRIRIHPIUC EesKagedddO0i) bedmpr issng :ddedi Bti helss.
pat ent N0 .orfe Qe dbeoAUANA Qh2hNe 37! 4 RACLESHAaEO ShR.A00di zed

eat spreader is o

P (200; 300; 400) that has at least one surface (201; 306; 409)

th

exposed to ambient and the perimeter of that exposed surface

S having a seal ring border (203; 307; 407); (c) a leadframe
(105) having a plurality of inner and outer leads (103), said
inner leads (103) interconnected to said semiconductor device;
and (d) a molding resin (101) éncapsulating said semiconductor
device, said inner leads (103) of said leadframe (10%9) and all

10 of the heat spreader (200; 300; 400) except that exposed
surface having the seal ring.border'(203; 307;'407).
(Figure 2)



further enhanced by nechani cal |ocking. By proper control. of 20 the

anodi zati on paraneters, pores of a desired size formin the anodization.

| ayer. A pore size of fromabout 50 to about 500 angstronms provi des
enhanced adhesi on w thout weakening the strength of the |ayer. A preferred
pore size is fromabout 75 to about 200 angstrons. 25 FW@Sméhﬁgband
5 describe another preferred design of a heat spreader of the p cen Replaceq
i nvention. Heat spreader 300 has a plurality of fins, e.g., eig Eﬂ[]’”/ﬂﬁﬂl/
to hel p dissipate heat and inprove adhesion to the nold conmpoun

FIG 1. Any nunber of fins between 2 and’16 or a greater nunber may be 30
suitable. Each fin 301 has a | ocking hole 302 to anchor the heat spreader
in the package. Heat spreader 300 has two 9 | ayers 303 and 304. During

t he encapsul ati on process, the surfaces of |ower |ayer 303 are surrounded
by plastic nolding 100 ) )

S\

FIG. 7201 202
(PRIOR ART)_




material. The side surface 305 of upper layer 304 is also covered hy the
pl astic nolding material. The upper surface 5 306 of the upper |ayer 304
is exposed to the atnosphere to allow heat to radiate fromthe encapsul at ed

package. Upper surface 306, as shown in FIG 3, has eight e des and
t he di stance across the exposed surface (D nension A) is 16

The di stance fromthe edge of the upper surface 10 307 to

i ntersection of adjacent fins 301 (Dinmension B) is 0.62 mPP?EIdPrmmgsEH; suu

acceptabl e range for Dinension Bis from0.50 mllimeters to 2. 8
mllinmeters. The preferred value fromD nension Bis 0.55 -

mllimeters. In FIG 5, theside surfac® 305 and edge of upper surface 306
of FIG 4 15 are enlarged the clearly show the ring seal 307 of the present
invention. This enlarged view shows ttﬁ ht of side surface 305

(Dinmension C) is 0.43 mllineters arf@dlt'he wldth tZ~seal ring (D nension D)
is 0.38 mllineters and the hei ght f)the ‘seal ripg_(Dinension E) is 0.03
mllimeters. The 20 acceptable i j i3cthom 0. 15

mllimeters. to 1.0 mllineter. Dinmension Cis 0.5

B8
FIG. 8
’{-,O\i 0 5
" % pe s
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mllinmeters. Like the first enbodi nent shown in FIGS. 1-2, this heat
spreader is nmade of anodi zed al um num all oy. The preferred al um num al | oys
are those designated by the AAl 25 (Al um nium Association, Inc.) in their
publication, A um num - Standards and Data, as 3xxx and 6XKisS&efHa€Been Rlaced
nost preferred alumnumalloy is alumnumalloy 6061, which '
conposition of about 0.30 percent by wei ght copper, about O. q%@dHHE{uﬂlg"
wei ght manganese, and the bal ance al um num The 30 anodizati

is 0.008 to 0.025 mllinmeters thick. 1Q FIGS. 6 to 9 show anot her

enbodi nent of the present invention. In this exanple, heat spreader 400 has
three |l ayers 401, 402 and 403. Lower |ayer 401 has four pairs of fins 404.

Each pair of fins 404 has a |ocking hole 405 5 therein. Mddle |ayers 402
i s edge step bevel ed over |ower |ayer 401. Upper l|layer 403 is edge step

bevel ed over niddﬁe qbd IJOS—
ol L/ yol g

\\\\ C D) #0 T
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Iéyef 402.'Upper | ayer 403 has a perineter seal ring 407. Wen used in an

encapsul at ed package, |ower |ayer 401, mddle |ayer 402 and si

de surface

408 'of t'he top layer 403 will be 10 covered with plastic nolding materi al
and only top surface 409 with the seal ring 407 will be exposed to radiate

the heat of the package. The w dth and Jp,gl ght dé%%g@gg%ﬁ%%@? 06

of this enbodi nent and t he ot her enbodi nents di Scusse ove,
0.4 millimeters and 0.02 0.014 mllinmeters, 15 respectively.

ing
are’about 0.5
It is

preferred that this heat spreader enbodi nent al so be nade of anodi zed

al um num al | oy designated as 3xxx or 6xxx series by the AAl (

um num

Associ ation, Inc.). A nost preferred alumnumalloy is alumIMRE I EN*XSHEET

whi ch has a nom nal conposition of about 0.30 percent by 20

about 0.15 percent by wei ght nmanganese, and the bal ance al umjnum_\hil e é&ﬁ

I nventi on has been described above with reference to specifid

thereof, it is apparent that{Qfany changes, nodifications and jvariations can

entfoch bt

such

be made herein. 25 Accordingly, it is intended to enbrace al
changes. j? 101 102 104
1 \

103

AMMMMHMHNDSS

106 900 201 202

FIG.1
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modi fications and variations that fall within the spirit and broad scope of
t he appended cl ai ns. WHAT IS CLAIMED I S: 1. A netal heat spreader
(200; 300; 400) useful in an encapsul ated sem conductor package (100)
having at |east one 5 surface (201; 306; 409) that will be exposed after
encapsul ati on of the package (100) and rai se [ 2 07)
around the perineter of that surface. %?3 The%r'ixggtmus%rﬂgag %Hugpfooﬁ
wherein the nmetal is 10 al um num r alunrnunralloy 3. The heat spreader
of claim2 wherein the alum numh spreader ZOO 300; 400) has an

anodi zed surface. 15 4.
seal ring (203; 307; 407)

hei ght of about 0.02 0.1

301
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5. A sem conduct or package (100) conprising: (a) at |east one

sem conduct or device (102); , (b) a heat spreader (200; 300; 400) that has

at | east one surface (201; 306; 409) exposed to anbient and 5

the perineter of that exposed surface having a raised seal ring border

(203; 307; 407); (c) a leadfrane (105) 3agvi ng ' f_ {nper

outer leads (103), said inner |eads (152)intergﬁﬁﬁgﬁﬁgagﬁﬁﬂsa?dmﬁ/2@66

sem conduct or device; 10 4 and (d) a nolding resin (101)

encapsul ating said seniconéE) or device (102), said inner |eads (103) of

said | eadfrane and all of thg(ﬁeat spreader (200; 300; 400) except that
ring border (203; 307; 407).

exposed surface having the 15

seal
6. The package of 4 s
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spreader (200; 300; 400) is made of alum num or alum num alloy. 7. The
package of claim6 wherein the alum num heat 20 spreader has an anodi zed
surface. 8. The package of claim5 wherein the seal ring (203; 307; 407)

has a width of about 0.5 0.4 millinetpts cBubstithte gheebf 1dbdugust 2000. 014
mllimeters. 13

ABSTRACT OF ,THE DISCLOSURE
EXPOSED EEAT SPREADER WITH SEAL RING

A semiconductor package (100) comprising: (a) at least
one semiconductor device (102); (b) a metal heat spreader
(200; 300; 400) that has at least one surface (201; 306; 409)
exposed to ambient and the perimeter c¢f that exposed suriace

S having a seal ring border (203; 307; 407); (¢) a leadframe
(105) having a plurality of inner and outer leads (103), said
inner leads (103) interconnected to said semiconductor device;
and (d) a molding resin (101) éncapsulating said semiconductor
device, said inner. leads (103) of said leadframe (105) and all

10 of the heat spreéder (200; 300; 400) except that exposed
surface having the seal ring border (203; 307; 407).

(Figure 2)
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