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Thi s |nvent|on pertains in general to cavity packagi ng of sen conduct or
deV|c gﬁ gpyeqparticularly to a process for obtaining a seal between
lid andL ody of- a cavity package. BACKGROUND OF THE | NVENTI ON Conventi onal
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jeq uecHi t pl astic packagi ng methods invol ve encapsul ating the

integrated circuit using transfer qﬁ!ding techni ques. In such a nethod,

nDIdl

Lcbipound is in contact

t he

the surface of the integrated circuit.

Since the various materials used in the chip and the package have different
mechani cal and physi cal properties, changes in the environnment in

PLASTIC CAVITY PACKAGE LID SEAL PROCESS

HNI FIELD OF THE INVENTION

This invention pertains in general to cavity packaging of
semiconductor devices and more particularly to a process for
obtaining a seal between the 1lid and body of a cavity package.

BACKGROUND OF THE INVENTION

Conventional integrated circuit plastic packaging methods
involve encapsulating the integrated circuit using transfer
molding techniques. 1In such a method, the molding compound is in

contact with the surface of the integrated circuit. Since the
various materials used in the chip and the package have different
mechanical and physical properties, changes in the environment in
which the packaged chip is used limit the package performance.
Chip reliability problems are often the result of the
differences in properties of the packaging material. Many commoun
reliability problems such as metal shear, passivation,
silicon, and package cracking during printed wiring board attach
are at least partially attributable to the difference in
properties. As an example, the thermal performance of the

package is limited by the thermal conductivity of the molding.

compound used to encapsulate the chip.

The cavity package concept allows manufacture of a package
with various thermal connection options not available with
conventional plastic packages. Cavity packages also provide a
package with a cavity for mounting the integrated circuit chip
with no contact between molding compound and the chip. With the
thermal connection options available with the cavity package,
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*whi ch t.he packaged chip is used limt the package performance. Chip

rel iability problems ‘are often the result of the differences in
properties of the packaging material. Many common reliability problens
such as netal shear, passivatign, silicon, and package cracki ng during
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One such prior art method is the comb mold approach with
package seals at the leadframe interface. The disadvantage of
this method is difficulty in manufacturing, poor moisture
performance, difficult mold alignment and high tooling cost.

Another problem with prior art plastic cavity packaging
efforts involves adhesion and surface preparation of the various
parts which are to be bonded together. Adhesion between the
adhesive and polymer and metal adherands are inadequate.
Additionally, prior surface preparation methods were not
compatible with process flow.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view of a cavity package mounted
to a printed wiring board. |

FIG. 2 is a graph showing the cleaning effect of different
plasma gases on adhesion.

FIG. 3 is a graph showing the effect of cleaning time on
adhesion.

Fig. 4 is a cross-sectional view of the cavity package of
Fig. 1 during a portion of the packaging process.

FIG. 5 is a block diagram of the process flow of the instant
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

This application is related to U.S. Patent No. 4,874,722,
which is incorporated by reference herein.

A plastic cavity package 10 of the present invention is
illustrated in Fig. 1. The cavity package 10 is shown attached
to printed wiring board 12. An integrated circuit chip 14 is
attached to the die pad 11 of a lead frame 13 with an adhesive
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package with a cavity for nounting the integrated circuit chip with no
cont act between «nol difng conpound and the chip. Wth the thermal connection
optiions available with the cavity package -2- nore costly ceramc
packagi ng can be avoided. Prior art plasfic cavity packages and processes

have naf, provnsl@dcﬁlsumbhs PB4 ik8londY &id | gav 15\/ﬂﬁ£bhﬁfxf pabkatglee 10.
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lead frame 13. Portions of the lead frame 13 extend through
cavity package 10 for electrically connecting the package 10 to
the printed wiring board 12. A thermal adhesive 19 attaches the
die pad 11 to lid 22. A silicone overcoat l4a may also be formed
over chip 14 for further protection.

The cavity package 10 has a ring portion 18, preferably a
polymer compound, which forms cavity 15 and is adapted to enclose
integrated circuit chip 14. While in the preferred embodiment as
shown in Fig. 1 the ring 18 is rectangular, it could be any
suitable shape. The ring 18 is formed around lead frame 13 by a
process as described in co-pending U.S. patent application serial
No. 511,877, filed 04/20/90, reference No. TI-13619.1, also owned
by the assignee hereof, and incorporated by reference herein.

As seen in Fig. 1, ring 18 has lid-engaging shoulders 20,
which extend into cavity 15. In the preferred embodiment,
shoulders 20 extend around the entire inner side of ring 18. The
shoulder 20 has lid-engaging surfaces 21 which also preferably
extend aound the periphery of cavity 15. The surfaces 21 are
adapted to sealingly engage upper lid 22 and lower 1lid 23.

Upper lids 22 and lower lids 23 are adapted to fit within the
opening defined by ring 18 and engage surfaces 21 of shoulder 20
and contact surface 24 which extends around the periphery of
lids 22. Contact surfaces 24 are adapted for sealing engagement
with shoulders 20 when lids 22 are placed on the package 10.

The lids may be made of different material, depending upon

the application of the package. They can be metal, such as
aluminum, stainless steel, copper, or metal alloys. Plastic,
either thermoset or thermoplastic may also be used. If

necessary, high thermoconductivity materials, such as tungsten
or tungsten alloys, silver, gold plating or cadmium plating
could be used. .

If the package of the instant invention is to be used to
package EPROMS, it is necessary that the 1lid transmit UV light.
Materials such as quartz, borosilicate glass, or sapphire may be

e
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package seals at the |leadframe interface. The di sadvantage of this nethod
Is difficulty im mantfacturing, poor noisture performance, difficult nold
al i gnment and high tooling cost. Another problemwith prior art plastic
cavity packaging efforts invol ves adhesi on and surface preparation of the
var i gedar t s Apoitdierar poss ibd lidydewondget ber . golddhptabedbekowan twicth
adnesiyrl sk RFE: §94580baht808°E8R0pa2a8 JeN YAl grfildi i onal |y,

prior surface repafation - nethods re ot conpatible wth process
flow. BRIHF msz%@wmhgz the prapeneE the present dmyention ithalh thew of

a capdok#pés kagemEQURINS tKave PbA Dy eEnW Nijk0 2WasE. 23. As an example,
if the package 10 is used to package an EPROM, it would be
possible to use ring 18 and lid 23, with only an overcoat of some
type in place of 1lid 22. Any other type of semiconductor chip
could also be packaged in the same way. |

The shape of the 1lid 22 may also differ from that shown if
the package is required to have high power capability. Since
heat dissipation is necessary in such application, the lid may
have fins, or other protrusions extending from it.

In order to form a seal between surfaces 24 and lid-engaging
surfaces 20, an adhesive 26 is placed between surfaces 24 and
lid-engaging surfaces 20. In order to have a seal which will
withstand stress and moisture, it is necessary to prepare
surfaces 24 and 20 prior to assembly of the cavity package 10.

Surface preparation of the Ring 18 and Lid 22 is essential to
achieve effective bonding of the ring 18 and 1lid 22 together in
order toc assure reliability of the finished product. Proper
preparation of the adherands (ring 18 and 1id 22) ensures that
the adhesive will properly wet the surfaces to be bonded. 1If the
adhesive does not wet the surfaces properly, the bond will be
weaker and unreliable. The strongest bond results when the
weakest point in the joint is in the adhesive layer itself, not
in the interface between the adhesive and the adherand.

Preparation of the surface of 1lid 22 may require one or all
of the folloowing steps: cleaning, roughening, stabilization, and
activation.

If the package is to include a plastic 1lid, the preferred
method of the present invention involves preparing the surfaces
20 and 24 with a plasma. The plasma is preferably isotropic in
nature so that complex surface geometries can be prepared. Since
materials used in the assembly process other than the lids 22 and
the ring 18 may be exposed to the plasma, the plasma used should
not be harmful to the non-adherand materials used in the assembly

-
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\F[Gf 2.is a graph showi ng the cleaning effect of different plasma gases on
adhesion. FIG 3. is a graph showing the effect of cleaning tine on -
adhesion. Fig. 4 is a cross-sectional view of the cavity package of Fig.

during a portion of the packagi ng pr-egess.

procespridc@ygsof the instant invention. DETAI LED DESCRI PTI ON OF THE

PREFE
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D EMBODI MENT Thi s aprgqli cation is related to U. S. Patent No.
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packagelbaniing hand emedli fiké®AldrN iusing a plasma surface treatment
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process. The adherands (ring 18 and lids 22) are placed in the
plasma environment. The plasma is preferably generated using
radic frequencies of 40 KHz or 13.56 MHz. Source gases are
preferably argon or nitrogen. The ring 18 and 1lids 22 are
supported in a plasma chamber either directly on the electrodes
or on shelves between electrodes.

An example of a surface preparation process used with a
plastic ring 18 and 1lid 22 assembly is as follows: applying RF
frequency energy at 13.56 MHz and 150 Watts, with a gas flow
reate of 90 CC/Min at a pressure in the plasma chamber of 240
microns. The process runs for 10 minutes at a temperature
between 85-100C. The gas is preferably argon. '

The process described above is not harmful to non-adherand
materials used in the assembly proéess, such as silicon nitride
and silicone overcoats, gold bond wires, leadframe plating, chip
metallization and bumps. The process is also easily inserted in-
line with the remainder of the overall cavity packaging process
flow, thus minimizing cost and process flow disruption.

The process of preparing the adherands of the instant
invention effectively prepares the surfaces without the necessity
of chemical or mechanical preparation. This process also changes
the fracture modes in the package from adhesion failure to
cohesive fracture mode, which is desirable as it gives maximum
strength to the package.

Figures 2 & 3 compare the adhesion with various types of
plasma gases and varying preparation times. As shown in Fig. 2,
the adhesion strength of bonds made after preparation with either
an argon plasma or nitrogen plasma are substantially greater than
bonds made when no plasma preparation has taken place.

Fig. 3 demonstrates the increase in adhesion strength as a
function of plasma preparation time in a plasma generated with a
frequency of 13.56 MHz.

If the 1lid 22 is made of metal, surface preparation using

1

FIG 5 is a block diagram of the
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‘illustrated in Fig. 1. The cavity package 10 is shown attached to printed
wiring board 12. - An integrated circuit chip 14 is attached to the die pad
11 of a lead frame 13 with an adhesive -3- 1la. The chip 14 is
positioned in cavity 15 wi thin packagge 10. Wre bonds 17 attach the bond

rame 1P {ED mEesld 20w Poadesse 10 RRP cBEFRLAI ISP offte T oRATOE

packageuding o ,eu:herpra nbdalchi pmiglebowaltﬂﬁg, Asuktir 8 Estwesl vecy) aix aghes

the Ammonium Persulfate preparation process can be utilized. If the
lid is Kovar, a nitric acid. or chromium trioxide-hydrochloric
acid mixture could be used to prepare the surface.

A glass 1lid 22 used on EPROM packages could be prepared using
one of several methods. One method would be a solvent clean or
vapor degrease using a light sandblast with a fine grit, followed
by blowing the surface clean with filtered air. A second method
would be a degrease as a first step, wash in a mixture of
Chromium Trioxide (1 PBW) and distilled water (4 PBW) for 15-20
Min. at room temperature, followed by a wash with disltilled
water and drying at 180-200 F for 20-30 minutes. A third method
would be an ultrasonic detergent bath followed by a rinse in
distilled water and drying at room temperature.

For a ceramic lid, a recommended preparation process would be
a vapor degrease, sanding with 200 sandpaper, and a vacuum or air
spray clean. The glaze finish should be completely removed from
the surface in contact with adhesive for maximum strength.

If the 1lid 22 is aluminum, the preferred method of
preparation is Preparation of Aluminum Surfaces for Structural
Adhesive Bonding (Phosphoric Acid Anodizing), designated as ASTM
Designation D3933-80 (Annual Book of ASTM Standards, Part 22.
This method is outlined below:

1. a degrease step, using 1,1,1 Trichloroethane for 10-~15
min. @ 90+/-5C.

2. Alkaline clean, using Oakite No. 164, for 10-15 min @ 60-
72C. '

3. Rinse, using distilled water for > 5 min. @ >43 C.

4. Deoxidize (Forest Products Laboratories method), using
Sodium Dichromate/Sulfuric for 10-15 min. @ 65-72C.

5. Double Rinse using distilled water for >5 min @ 25C.

6. Phosphoric Anodize, with Phosphoric Acid (75%)/Water, for
20-25 min. @ 15 +/- 1V.

7. Rinse with distilled water for 10-15 min @ 25C.
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. die pad 11 to lid 22. A silicone overcoat 14a may al so be formed over chip
14 for further protection. The cavity package 10 has a ring portion 18,

preferably a pol ynmer compound, which fornms cavity 15 and is adapted to

encl ose integrated circuit chip 14, While in the preferred enbodi nent as

shown in Eig. .1 the ri 8 js.rectan ar, it d ny suitable shape.
The ring 58 i Eryof"ﬁ&é gg&‘%rﬁ&‘ Be&d #"l’a% =iy %C'g(?%cggagxg's described in
co- pendi n§.U. S. Ipapect,apmsiiogt i @n MerahriNo. Vapdr s7iamp | |eith4/ optdgal

refer s 11 5 1, also owned by the assignee hereof, and
I ncor §§§ gglg§ Féﬁg%%hce herein. As seen in Fig. 1, ring 18 has

| i d-engagify shdbegdve Primgn MPRbd&@Riomto cavity 15.  In the
preferred embodi "eNdpray primer, such as American Cyanamide BR-127 to
0.001"-0.003" thickness.
b. Air dry > 30 min @ 25 C.
¢c. Oven dry for 30 min @ 112-121C.

Other methods of preparing the surface of various metals can
be found in Preparati Metal Surfaces For hesive Bondin
(ASTM Designation D2651-79 Reapproved 1984), which is
incorporated by reference herein.

There is also disclosed a novel method for sealing a cavity
package after cleaning and assembly steps have been completed, as
illustrated in Fig. 4. In figure 4, a package 10 has been placed
in a press 50. The press 50 applies pressure on both the top and
bottom of the package 10, as shown by arrows 51. The press 350
may be either a single opening or multi opening press.

At both the top and bottom of package 10, a rigid metal sheet
52, of material such as stainless steel, is positioned between
package 10 and press 50. A release film 54, preferably
Pacothane(tm), is positioned between rigid sheets 52 and press
pads 56. The press pads are preferably silicone rubber, such as
COHRlastic (R) 3320.

The sealing process takes place with the pressure uniformly
distributed over all the packages 10 within press 50. Special
platen designs and a preprogrammed thermal profile applied
throughout the sealing process result in reliable seals.

After the packages 10 and related sealing equipment described
above are placed in press 50, a predetermined pressure at a
predetermined temperature is applied to the packages 10 for a

specific period of time. The pressure and temperature may
follow a predetermined variable profile, or one or both may be
constant.

An example would be: 50 +/- 5PSI per package with the
process temperature holding at 175 C for 60 minutes, with a cycle
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- shoul ders 20 extend around the entire inner side of ring 18. The shoul der
20 has lid-engaging surfaces 21 which also preferably extend aound the
peri phery of cavity 15. The surfaces 21 are adapted to sealingly engage
upper lid 22 and lower lid 23. Upper=-Birds 22 and |ower |ids 23 are adapted

to-fitedidhd hipig t | def | b ' d f .21 of
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made of, different material, depenhdi ng upon the application o e pac
They gialrf‘%etth’e‘f ©8Ssuch as al umi num stainless steel, copper, or netal

al | oys. Dizitgcthe sealing process, the seal between the press pads
56 and the package 10 is also very important, since internal
pressure can develop within package 10. The pressure applied to
the package 10 by press 50 should balance the internal pressure
inside the package 10 to maximize bondline density and to prevent
adhesive runoff from occurring. If runoff does occur, the
bondline will not pack, and voids in the bondline may result,
which causes a substandard bond. The use of silicone press pads
56 aids in preventing leakage. Also, since the pressure inside
package 10 effectively packs the bondline, the silicone also acts
as a stop for the flow of adhesive out onto the surface of the
package 10, which would be a visual package defect.

After the temperature and pressure have been applied for the
proper amount of time, a cooling cycle is begun, during which the
Pressure is maintained during controlled cooling. Some adhesives
require that pressure be maintained until the adhesive sets or
gels. 1In the preferred embodiment, the temperature at which the
pressure is removed is approximately 200F.

An assembly flow for assembling an integrated circuit and a
cavity package components could include the following steps:

1. Surface preparation of the lids, as described above for
each type of material used.

2. Adhesive application to 1lid.

a. adhesive preform applied to entire lid.
b. adhesive preform applied in "window frame" fashion.

3. Plasma treatment of molded rings

4. assemble lids into molded rings.

5. Assemble heatspreaders into molded rings.

a. silver filled material same as or similar to die
attach adhesive.

b. 1lid seal adhesinve covering the entire heat spreader
and the thermal attach is automatic.
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‘either thernoset or thernoplastic may also be wused. | f necessary,
hi gh thernmoconductivity materials, such as tungsten or tungsten alloys,
silver, gold plating or cadm um plating could be used. If the package of
the instant invention is to be used to“package EPROVS, it is necessary that
the lid tansiid 3éd1 géteplat eri al s such as quartz, borosilicate glass, or

sapphire 1R the BredlRl {MUntTod %855 "heen’ dasoribed “hor hoal G fQvar
packaging process for a cavity package 1id seal enhancement, the
processes described herein could advantageously be used for
cleaning any microelectronics package surface, such as degreasing
Prior to symbolization. It could also be used with metal cavity

packages, plastic packages, high power products, hybrid stacked
memory, or multi-chip products.
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. bull seye quartz glass centers for passage of UV light. It is also within

the scope of the present invention that the package 10 may al so have only

one lid 22 or 23. As an exanple, if the package 10 is used to package an

EPROM it would be possible to use ring 18 and lid 23, with only an

overcoat of sone type in place of Iid 22. Any other type of sen1conductor

chip could al so be packaged in the sane way. The shape

also differ fromthat shown if the kage is required to have

capability. Since heat dissipation'!s necessary |‘MH“‘“1 ‘uﬂﬂﬂb the

lid may h?ng% gﬁ or other protrusions extending:f to form
rf

a seal aces 24 and lid-engaging

1. A process for preparing adherands comprising the steps
of:

Exposing the adherands to a plasma.

2. The process of claim 1, wherein the step of exposing the
adherands further includes the steps of:

placing the adherands in a plasma reactor such that the
adherands are positioned between the electrodes; and '

generating a plasma in the plasma reactor.

3. The process of claim 1, further including the step of:

generating the plasma from one of the group of nitrogen and -
argon.

4, A process for increasing the bond between a plastic
cavity package 1lid and plastic cavity package body, comprising
the steps of:

placing the 1lid and the body in a plasma reactor; and

generating a plasma in the plasma reactor.

5. The process of claim 4, wherein the step of generating a
plasma further comprises the steps of:

introducing a reactant gas into the reactor; and

exciting the reactant gas.

6. The process of claim 5, wherein the step of exciting the
reactant gas includes the step of applying rf power to the plasma
chamber.

7. The process of claim 5, further including the step of:

reducing the pressure in the plasma chamber to below 760
Torr.

8. A method for sealing a cavity package, comprising the
steps of:

applying pressure to the cavity package for a predetermined
time; and
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-susrfaces 20, an adhesive 26 is placed between surfa _ ngagi ng
surfaces 20. In order to have a seal which wll m@g g“lm“‘\lwm‘and
moi sture, it is necessary to prepare surfaces 24 an Li'or to dssembly
of the cavity package 10. Surface préparation of the Ring 18 and Lid 22 is

essenti al tmeaadng:veh@‘feawtg Wk oftd ha rpreddSe aitnédd taing&eod ked
in ord gsa? e%%aél?glllq the fsl ni shed product. Pr oper
prepar a |on e PLYIPHPI8SSHESi d 22) ensures that the
adhesi ve wi94 priper methsd t hé seldimes towherledndethel fstidpe aflhegpply ings
The 'S inasnté BERudterehe ) scbBlor Blatling S BRI BB T 1
adhesi ve | ¢ |The|methed of claim 9, further comprising the step of:
placing a pad between the press and the package prior to
applying pressure to the package.
11. The method of claim 8, further comprising the step of:
cooling the package below a predetermined temperature while
maintaining the package at a pressure.
12.° A method of assembling a cavity package, the package
having a body and at least one lid, comprising the steps of:
preparing the lid and body:;
applying adhesive to the lid or the body:
pPlacing the lid on the body; and
sealing the lid to the body.
13. The process of claim 12, wherein the step of preparing
includes the step of:
placing the 1lid and body in a plasma chamber; and
generating a plasma in the plasma chamber.
14. The process of claim 12, wherein the step of sealing
further comprises the steps of:
heating the package to a predetermined temperature; and
applying uniform pressure to the package for a predetermined
time.
15. The process of claim 14, further comprising the step of:
cooling the package to a predetermined temperature while
maintaining uniform pressure.
16. A method of packaging a semiconductor chip, comprising
the steps of:
Attaching the chip to a lead frame;
interconnecting the chip to the lead frame;
forming a ring around the chip;

placing a 1lid on the ring such that the ring and 1lid totally
surround the chip; and

sealing the 1lid to the ring.

[
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surface of lid 22 may.require one or all of the fol
Fougheni ng, stabilization, and activation. If the pa
plastic lid, the preferred nethod-gf2 he present |nvent|on i nvol ves

preparing the su faces 20, and 24 wth a plas The aspa | referab
i sotropic *ﬂ nat FemﬁﬁhFﬁht goﬁﬁ?é% 6 TF Yo%y §1ééﬂ9b§ ¥
Si nce pramar g tuedriﬂgthﬁda$$dnbly process other than the |IdS 22 and t he

o the nontineriga e PE RUBSH 17 el (B S00' 8" Yrdubihg! v
comprises the steps of:
placing the ring and 1lid in a plasma chamber; and
generating a plasma in the plasma chamber.
19. The method of claim 16, further comprising the step of

placing an adhesive on the 1lid or ring.

_ih the interface between the adhesive and the adherand Pr ﬁ ‘@:ﬂl‘j

20. A method of packaging a semiconductor chip, wherein the
package has a lid transparent to UV light and a ring surrounding
the chip, comprising the steps of:

preparing the ring in a plasma reactor;

preparing the 1lid:

applying an adhesive to the ring or 1lid:;

sealing the lid to the ring, such that the chip is surrounded
by the sealed package.

21. The method of claim 20, Wherein the step of preparing
the lid further comprises degreasing the lid.

22. The method of claim 20, wherein the step of preparing
the 1lid further comprises placing the lid in an ultrasonic bath.

23. A method of packaging an integrated circuit, the package
having a ring formed around the integrated circuit and at least
one lid, comprising the steps of:

preparing the surface of the lid:

applying an adhesive to the 1lid;

preparing the rings;

placing the lid into the ring:;

placing heatspreaderes into the ring; and
sealing the 1id to the ring.

24, The method of claim 23, wherein the step of preparing
the surface of the lid further comprises cleaning the surface of
the 1lid.

25. The method of claim 23, wherein the step of preparing
the lid further comprises the steps of:

cleaning the surface of the lid;

degreasing the surface of the 1lid;

R
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_ %54 process. The polynmer surfaces are prepared ( which can include cleaning
~and nodi fication) using a plasnma surface treatne ands

:(rirng 18 and lids 22) are placed in the plasm envir | asma i s

preferably generated using radio frééuenC|es of 40 Eﬁﬂﬁg@‘ “ ﬁ“ﬂ

Saurce ga I r n. |l ds 22
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are supp orte In a plasna er dlrectly on the el ectrodes or on
shel ves babRédgiggetheodarface of the lid;and

applying an adhesive primer to the surface of the lid.

26. The method of claim 23, wherein the step of preparing
the 1id further comprises the steps of:

degreasing the surface of the 1lid:

immersing the lid in a sulphuric acid bath;

rinsing the 1lid in distilled water; and

drying the 1lid.

26. The method of claim 23, whereinlthe step of preparing
the surface of the 1lid comprises the step of cleaning the surface
with an acid mixture. .

27. A method of sealing a lid to the body of a semiconductor
chip package, comprising the steps of:

applying adhesive to the 1lid;

placing the 1lid on the body;

placing the lid and body in a press;

applying a predetermined pressure to the lid and body for a
predetermined time. | |

28. The method of claim 27, further comprising the step of:;

maintaining the temperature of the lid and body according to
a predetermined profile during the step of applying pressure.

29. The method of claim 27, wherein the step of applying a
predetermined pressure comprises maintaining the pressure such
that it follows a predetermined profile.

30. The method of claim 27, further comprising the step of
maintaining a predetermined pressure while cooling the 1lid and
body to a predetermined temperature.
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An exarrpl e of a surface preparation process used with a plastic ring 18 and
lid 22 assenbly is as-follows: applyi ng RF frequency energy at 13.56 Mz
and 150 Watts, with a gas flowreate of 90 CC/Mn at a pressure in the

pl asma chamber of 240 nicrons. THR4process runs for 10 mnutes at a

t enper ature between 85-100C. The ﬂ@ﬁ,ﬂ; p.:ref erably argon. The process
descri bed.above is not harnful to -adnerand materials used in the
assenbly prol&®dastscivanity |padhage tiidesemt pro¢esst overcoats, gold bond
W res, Ieacéi*rarrgpal ting, .chip netallization and bunps. The process is also
easily ins W@angw eayity na@kaﬁgesen@monduct@rdeme isalisclgseth‘Fhei ng

ProcesfiefHodinclides {H A' fickad KfiheY' Hol) (867 5nd ' dilesst b HLB2) the steps
of preparing the lid (22) and body (20); applying adhesive (26) to the lid (22) or the

body (20); placing the lid (22) on the body (20); and sealing the lid (22) to the body
(20).

[
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The pr.ocess of preparing the adherands of the instant invention effectively
prepares the surfaces w thout the necessity of chem cal or nechani cal
‘preparation. This process al so changes the fracture nodes in the package
from adhesion failure to cohesive fiygcture node, which is desirable as it
gi-ves maxi num strength to the package. Figures 2 & 3 conpare the adhesion
with various types of plasma gases and varyi lon tines. As shown
in Fig. 2, the adhesion strength of bonds de after pfeparation with

ei ther an argon plasma or nitrogen plasma arje substantfally greater than
bonds nmade when no plasma preparation has tgken place. [Fig. 3 denonstrates
the increase in adhesion strength as a :
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. function of pl asma preparation tinme in a plasnma generated with a frequency
of 13.56 MHz. If. the:lid 22 is nmade of netal, surface preparation using

~6-" chem cal nethods may be used. Copper netals can be prepared using,
either a black oxide coating, such as Ebonol "C', or an Ammoni um Persul fate
preparation process can be utili . If the lid is Kovar, a nitric acid or

chrom um tri oxi de- hydrochl oric aéi’d m xture could be used to prEpare the
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. Aglass Iid 22 used on EPROM packages coul d be prepared using one of
séveral nethods.. One-nmet hod woul d be a sol vent cl ean or vapor degrease
using a light sandblast with a fine grit, followed by blowi ng the surface
clean with filtered air. A secog? met hod woul d be a degrease as a first
step, wash in a mxture of Chro qm Tri oxi de (1 PBW and distilled water (4

PBW r 15-20¢{M n. at room tenpqraturg, folljowed by a sh with&isltilled
nd dryingg at 180-20Q F for] 20-3(Q mi nutles. Ajthirdjnethod woul d be an
uItr@nlc det ¢rgent jbath flollowgd by g rinsg in dijstill ¢d water gnd drying
at rleed t enpergture. |For afceranilc lid,| a redommendled pr¢par at fof¥process
woul @fDe a vapqr degriease, |sandirlg with 200 dandpaper, apd a vacuumor air
g
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spray c¢lean. The glaze finish should be conpletely renoved fromthe surface
in contact with adhesi‘'ve for maxi numstrength. If the lid 22 is alum num
the preferred method of preparation is Preparation of Al um num Surfaces for
Structural Adhesive Bonding (Phokqphorl c Acid Anodi zing), designated as ASTM
Desi gnati on D3933-80 (Annual Book/$ ASTM Standards, Part 22. This nethod
Is outlined below. 1. a degrease step, using 1,1,1 Trichl oroethane for
10-15 min. [err] 90+/-5C. 2. Al kaline clean, using Cakite No. 164, for
10-15 min [err] 60- 72C. 3. Rinse, using distilled water for > 5 mn. [err]

>43 C.
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'4: . Deoxidize (Forest Products Laboratories method), using Sodium

Di chromat e/ Sul furic for 10-15 mn.
distilled water for >5 min [err]
Phosphoric Acid (75% /Wt er,
distilled water for 10-15 mn
45 mn. [err] 70C (max). 9.

with optical

sf/‘rl,

65-72C. 5. Doubl e Ri nse using

Anodi ze, with
+/- 1V. 7. Rinse with
Dry with heated air for

Lanp
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polarizing filter. 10. Adhesifre=fr o
as Anerican Cyanani de BR- 127 ]t BERLAGEMEND SHEBY
mn [err] 25-C. ¢c. Oven dry {of 30U mm @1t

lon a. Spray pri rfer, such
hi ckness. b. Air dry#s78Q 7o
1P1C. Ot her nethods of

preparing the surface of varfops 5 Rs#n gl found in Preparation of
Met al Surfaces For Adhesive PBopdi ng S
38" Yt 'fﬁkf e et - Fhrer ‘i'b
al so disclosed a novel netholl for sealing a cd\i by?%g%%%( 'ﬂééﬁﬁngﬁ%?%ani%@
amd—a PWAdEﬁtmEE’bgve b%n COITp' e[leu’ =S ! ::)_'/ PUGH | pagea ... G page .:.:.
RE %, g
o /.bstract  : paged .. to paged 7.
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PLASTIC CAVITY PACKAGE LID SEAL PROCESS

-,;'f,._' TECHNT FIELD THE INVENTION

’ This invention pertains in general to cavity packaging of
semiconductor devices and more particularly to a-process for
‘obtaining a seal between the lid and body of a cavity package.

BACKGROUND OF THE_ INVENTION

Conventional integrated circuit plastic packaging methods
involve encapsulating the integrated circuit using transfer

molding techniques. 1In such a method, the molding compound is in

contact with the surface of the integrated circuit. Since the
various materials used in the chip and the package have different
mechanical and physical properties, changes ig the environment in
which the packaged chip is used limit the package performance.

, Chip reliability problems are often ‘the result of the

. differences in properties of the packaging material. Many common
reliability problems such as metal shear, passivation,
silicon, and package cracking during printed wiring board attach
are at least partially attributable to the difference in
properties. As an example, the thermal performance of the
package is limited by the thermal conductivity of the molding
compound used to encapsulate the chip.

The cavity package concept allows manufacture of a package
with various thermal connection options not available with
conventional plastic packages. Cavity packages also provide a
package with a cavity for mounting the integrated circuit chip
with no contact between molding compound and the chip. With the
thermal connection options available with the cavity package,



illustrated in Fig. 4. In figure 4, a package 10 has been placed in a press
50.; The press 50 applies pressure on both the top and bottom of the package
10, as shown by arrows 51. The press 50 may be either a S|ngle opening or
multi opening press. At both the top and bottom of pa
metal sheet 52, of material such as stainless steel,
package 10 and press 50. A release film 54
Pacot hane(tn), is positioned between rigid sheets 52 land
press pads are preferably silicone rubber, such as CQ
seal ing process takes place with the pressure unifor
all the packages 10 within press 50. Speci al

LS RSad0| The

more costly ceramic packaging can be avoided.

Prior art plastic cavity packages and processes have not
provided a durable and reliable 1lid seal, which affects the
reliability of the packaged integrated circuit chip.

One’ such prior art method is the comb mold approach with

- package seals at the leadframe interface. The disadvantage of
this method is difficulty in manufacturing, poor moisture
performance, difficult mold alignment and high tooling cost.

Another problem with prior art plastic cavity packaging
efforts involves adhesion and surface preparation of the various
parts which are to be bonded together. Adhesion between the
adhesive and polymer and metal adherands are inadequate.

Additionally, prior surface preparation methods were not
compatible with process flow.

BRIEF DESCRIPTIO F_THE DRAWINGS

FIG. 1 is a cross-sectional view of a cavity package mounted
to a printed wiring board. '

FIG. 2 is a graph showing the cleaning effect of different
plasma gases on adhesion.

FIG. 3 is a graph showing the effect of cleaning time on
adhesion.
Fig. 4

'is a cross-sectional view of the cavity package of
Fig. 1 during a portion of the packaging process.:

FIG. 5 is a block diagram of the process flow of the instant
invention..

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

This application is related to U.S. Patent No. 4,874,722,
which is incorporated by reference herein.

A plastic cavity package 10 of the present invention is
illustrated in Fig. 1. The cavity package 10 is shown attached
to printed wiring board 12. An integrated circuit chip 14 is
attached to the die pad 11 of a lead frame 13 with an adhesivg



pl aten designs and a preprogramed thernmal profile applied throughout the
d related

sealing process result in reliable seals. After the
seal i ng equi pnent described above are placed in pr

ENY B ggietier m ned

pressure at a predeterm ned tenperature is appligd, -10 for
specific period of tinme. The pressure and per at ure nay |l ow a
predeterm ned variable profile, or one or both mpy|bd t&E&S: 1996, exanpl e
woul d be: 50 +/- 5PSI per package with the prpcgss tenperaturie thol di ng

at 175 C for 60 mnutes, with a cycle3-

1la. - The chip 14 is positioned in ‘cavity 15 within package 10.

Wire bonds 17 attach the bond pads (not shown) of chip 14 to the
lead frame 13. Portions of the lead frame 13 extend through
cairit.y package 10 for electrically connecting the package 10 to
the printed wiring board 12. A thermal adhesive 19 attaches the
die pad 11 to 1id 22. A silicone overcoat 14a may also be formed
over chip 14 for further protection. '

The cavity package 10 has a ring portion 18, preferably a
polymer compound, which forms cavity 15 and is adapted to enclose
integrated circuit chip 14.° While in the preferred embodiment as
shown in Fig. 1 the ring 18 is rectangular, it could be any
suitable shape. The ring 18 is formed around lead frame 13 by a
process as described in co-pending U.S. patent application serial
No. 511,877, filed 04/20/90, reference No. TI-13619.1, also owned
by the assignee hereof, and incorporated by reference herein.

As seen in Fig. 1, ring 18 has lid-engaging shoulders 20,
which extend into cavity '15. In the preferred embodiment,
shoulders 20 extend around the entire inner side of ring 18. The
shoulder 20 has lid-engaging surfaces 21 which also preferably
extend aound the periphery of cavity 15. The surfaces 21 are
adapted to sealingly engage upper lid 22 and lower lid 23.

Upper lids 22 and lower lids 23 are adapted to fit within the
opening defined by ring 18 and engage surfaces 21 of shoulder 20
and contact surface 24 which extends around the periphery of
lids 22. Contact surfaces 24 are adapted for sealing engagement
with shoulders 20 when lids 22 are placed on the package 10.

The lids may be made of different material, depending upon
the application of the package. They can be metal,“such as
aluminum, stainless steel, copper, or metal alloys. Plastic,
either thermoset or thermoplastic may also be used. If
necessary, high thermoconductivity materials, such as tungsten
or tungsten alloys, silver, gold plating or cadmium plating
could be used. . :

If the package of the instant invention is to be used to
package EPROMS, it is necessary that the lid transmit UV light.
Materials such as quartz, borosilicate glass, or sapphire may be

a



-8- time of 75 m nutes. Pr oper control of tenperature during the sealing
process is inportant, since the adhesive flow properties can depend on the

heating rate, which will influence the bond |ine thiekres TaupeT t
seal i ng process, the seal between the press pads 5 BﬁﬁﬁﬁggE _

he
10" is

al so very inportant, since internal pressure can d4vgrop w thin pagkage 10.

The pressure applied to the package 10 by press 50 isiiou4 q $ep 996 {he
i nt er nal

prevent adhesive runoff from occurrTﬁg. If r f

pressure inside the package 10 to maxi m-z ondl i ne densi tly ta
goes occur,

used. Another possibility would be gold plated Kovar with
bullseye quartz glass centers for passage of UV light.

It is also within the scope of the present invention that the
package 10 may also have only one lid 22 or 23. As an example,
if the package 10 is used to package an EPROM, it would be
possible to use ring 18 and 1lid 23, with only an overcoat of some
‘type in place of lid 22. Any other type of semiconductor chip
could also be packaged in the same way.

The shape of the 1lid 22 may also differ from that shown if
the package is required to have high power capability. Since
heat dissipation is necessary in such application, the lid may
have fins, or other protrusions extending from it.

In order to form a seal between surfaces 24 and lid-engaging
surfaces 20, an adhesive 26 is placed between surfaces 24 and
lid-engaging surfaces 20. In order to have a seal which will
withstand stress and moisture, it is necessary to prepare
surfaces 24 and 20 prior to assembly of the cavity package 10.

Surface preparation of the Ring 18 and Lid 22 is essential to
achieve effective bonding of the ring 18 and lid 22 together in
order to assure reliability of the finished product. Proper
preparation of the adherands - (ring 18 and lid 22) ensures that
the adhesive will properly wet the surfaces to be bonded. If the
adhesive does not wet the surfaces properly, the bond will be
weaker and unreliable. The strongest bond results when the
weakest point in the joint is in the adhesive layer itself, not
in the interface between the adhesive and the adherand.

Preparation of the surface of 1lid 22 may require one or all
of the folloowing steps: cleaning, roughéning, stabilization, and
activation.

If the package is to include a plastic 1lid, the preferred
method of the present invention involves preparing the surfaces
20 and 24 with a plasma. The plasma is preferably isotropic in
nature so that complex. surface geometries can be prepared. Since
materials used in the assembly process other than the lids 22 and
the ring 18 may be exposed to the plasma, the plasma used should
not be harmful to the non-adherand materials used in the assembly

nd to

t he



bondline will not pack, and voids in the bondline may result, which causes
a substandard bond. The use of silicone press pads 56 aids in preventing

| eakage. Al so, since the pressure inside package 10 effectively packs the
bondline, the silicone also acts as a stop for

tre—f S1jve out
onto the surface of the package 10, which woul d b@PéAvm' T%ﬁ K 8

| e defect.
After the tenperature and pressure have been appl fed for the prpper anount

of time, a cooling cycle is begun, during which]the py&ERNGIS s i nt ai ned
during controlled cooling. Some adhesives requifelthat pressurejb
mai ntai ned until the adhesive sets or gels. In tlh bogli ment

the tenperature at which the pressure is renoved
5=

process.

The polymer surfaces are  prepared . ( which can include
cleaning and modification) using a plasma surface treatment
process. The adherands (ring 18 and lids 22) are placed in the
plasma environment. The plasma is preferably generated using
radio frequencies of 40 KHz or 13.56 MHz. Source gases are
preferably argon or nitrogen. The ring 18 and 1lids 22 are
supported in a plasma chamber either directly on the electrodes
or on shelves between electrodes.

An example of a surface preparation process used with a
plastic ring 18 and 1id 22 assembly is as follows: applying RF
frequency energy at 13.56 MHz and 150 Watts, with a gas flow
reate of 90 CC/Min at a pressure in the plasma chamber of 240
microns. The process runs for 10 minutes at a temperature
between 85-100C. The gas is'preferably argon.

The process described above is not harmful to non-adherand
materials used in the assembly process, such as silicon nitride
and silicone overcoats, gold bond wires, leadframe plaﬁing, chip
metallization and bumps. The process is also easily inserted in-
line with the remainder of the overall cavity packaging process
flow, thus minimizing cost and process flow disruption.

The process of preparing the adherands of the instant
invention effectively prepares the surfaces without the necessity
of chemical or mechanical preparation. This process also changes
the fracture modes in the package from adhesion fajlure to
cohesive fracture mode, which is desirable as it gives maximum
strength to the package.

Figures 2 & 3 compare the adhesion with various types of
plasma gases and varying preparation times. As shown in Fig. 2,
the adhesion strength of bonds made after preparation with either
an argon plasma or nitrogen plasma are substantially greater than
bonds made when no p‘iasma preparation has taken place.

Fig. 3 demonstrates the increase in adhesion strength as a
function of plasma'preparation time in a plasma generated with a
frequency of 13.56 MHz.

If the 1lid 22 is made of metal, surface preparation using



An assenbly flow for assenbling an integrated circuit and a cavity package
copponents could include the follow ng steps: 1. Surface preparation of the

| ids, as described above for each type of material usgg;_z__Adheeqve
application to lid. a. adhesive preform applied adhesi ve
preformapplied in "w ndow franme" fashion. 3. Pl

rings 4. assenble lids into nolded rings. 5. Ass

into
nol ded rings. a. silver filled nmaterial sane a$- i g attach
adhesi ve. - -6
chemical methods may be used. Copper metals can be prepared
using, either a black oxide coating, such as Ebonol "C", or an

Ammonium Persulfate preparation process can be utilized. 1If the
lid is Kovar, a nitric acid or chromium trioxide-hydrochloric
acid mixture could be used to prepare the surface. ‘

A glass 1lid 22 used on EPROM packages could be prepared using
one of several methods. One method would be a solvent clean or
vapor degrease using a light sandblast with a fine grit, followed
by blowing the surface clean with filtered air. A second method
would be a degrease as a first step, wash in a mixture of
Chromium Trioxide (1 PBW) and distilled water (4 PBW) for 15-20
Min. at room temperature, followed by a wash with disltilled
water and drying at 180-200 F for 20-30 minutes. A third method
would be an ultrasonic detergent bath followed by a rinse in
distilled water and drying at room temperature.

For a ceramic lid, a recommended preparation process would be
a vapor degrease, sanding with 200 sandpaper, and a vacuum or air
spray clean. The glaze finish should be completely removed from
the surface in contact with adhesive for maximum strength.

if the 1id 22 is aluminum, the preferred method of
preparation is uminum
Adhesive Bonding (Phosphoric Acid Anodizing), designated as ASTM
Designation D3933-80 (Annual Book of ASTM Standards, Part 22.

This method is outlined below:

1. a degrease step, using 1,1,1 Trichloroethane for 10-15
min. @ 90+/-5C.

2.
72C.

Alkaline clean, using Oakite No. 164, for 10-15 min @ 60-

3. Rinse, using distilled water for > 5 min. @ >43 C.

4, Deoxidize (Forest Products Laboratories method), using
Sodium Dichromate/Sulfuric for 10-15 min. @ 65-72C.

5. Double Rinse using distilled water for >5 min € 25C.

6. Phosphoric Anodize, with Phosphoric Acid (75%) /Water, for
20-25 min. @ 15 +/-~ 1V.

7. Rinse with distilled water for 10-15 min @ 25C.



b.

lid seal
attach
present

step. Wile

eyn.

(.7_'(

for cleaning any mcroe eggmdﬁﬁngjgg

8. Dry with heated air for 45 min. @ 70C (max).

9. Inspect, using a Mercury Vapor Lamp with optical
polarizing filter.

10. Adhesive Primer Application

a. Spray primer, such as American Cyanamide BR~127 to
0.001"-0.003" thickness.

b. Air dry > 30 min @ 25 C.
c. Oven dry for 30 min € 112-121C.
Other methods of preparing the surface of various metals can
be found in Preparation of Metal Surfaces ,For Adhesive Bonding

(ASTM Designation D2651-79 Reapproved 1984}, which is
incorporated by reference herein.

adhesi nve covering the entire heat spreader and the thernal
I's automati c. REPLACEMENT SHEET -9- 6. |id seal
i nvention has been described for use in a packagi ng process for a
cavity package |id seal enhancenent, the processe
advant ageously be used
such as degreasing

t he

coul d

e surface,

There is also disclosed a novel method for sealing a cavity .

package after cleaning and assembly steps have been completed, as

illustrated in Fig. 4. In figure 4, a package 10 has been placed

in a press 50. The press 50 applies pressure on both the top and

bottom of the package 10, as shown by arrows 51. The press 50

‘may be either a single opening or multi opening press.

At both the top and bottom of package 10, a rigid metal sheet
52, of material such as stainless steel, is positioned between

package 10 and press 50. A release film 54, preferably'

Pacothane(tm), is positioned between rigid sheets 52 and press
pads 56. The press pads are preferably silicone rubber, such as
COHRlastic (R) 3320. | :

The sealing process takes place with the pressure uniformly
distributed over all the packages 10 within press 50. Special
platen designs and' a preprogrammed thermal profile applied
throughout the sealing process result in reliable seals.

After the packages 10 and related sealing equipment described
above are placed in press 50, a predetermined pressure at a
predetermined temperature is applied to the packages 10 for a
specific period of time. The pressure and temperature may
follow a predetermined variable profile, or one or both may be
constant. :

An example would be: 50 +/- 5PSI per package with the
process temperature holding at 175 C for 60 minutes, with a cycle



prior to synbolization. It could also be used with nmetal cavity packages,
pl asti c packages, high power products, hybrid stacked nenory, or nultl-chlp

products. -10- CLAMS : 1. A process for prepard-hg—adheranras—conpri si ng
the step of exposing the adherands to a plasma wherleRBPLACENENE SWET ekposi ng
the-adherands further includes the step of: placing tfie-agnerands fnia

pl asma reactor such that the

11 SEP 1996
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time of 75 minutes. Proper control of temperature during the

sealing process is important, since the adhesive flow properties
can depend on the heating rate, which will influence the bond
line thickness. |

During the sealing process, the seal between the press pads
56 and the package 10 is also very important, since internal
pressure can develop within package 10. The pressure applied to
.the package 10 by press S0 should balance the internal pressure
#nside the package 10 to maximize bondline density and to prevent
adhesive runoff from occurring. If runoff does occur, the
bondline will not pack, and voids in the bondline may result,
which causes a substandard bond. The use of silicone press pads
56 aids in preventing leakage. Also, since the pressure inside
package IQ effectively packs the bondline, the silicone also acts
as a stop for the flow of adhesive out onto the surface of the
‘package 10, which would be a visual package defect.

After the temperature and pressure have been applied for the
proper amount of time, a cooling cycle is beqgun, during which the
pressure is maintained during controlled cooling. Some adhesives
-require that pressure be maintained until the adhesive sets or
gels. In the preferred embodiment, the temperature at which the
pressure is removed is approximately 200F.

An assembly flow for .assembling an integrated circuit and a
cavity package components could include the following steps:

1. Surface preparation of the lids, as described above for
each type of material used.

2. Adhesive application to 1lid.

a. adhesive preform applied to entire lid.

b. adhesive preform applied in "window frame" fashion.
3. Plasma treatment of molded rings
4. assemble lids into molded rings.
Assemble heatspreaders into molded rings.
a. silver filled material same as or similar to die
attach adhesive.

b. 1id seal adhesinve covering the entire heat spreader
and the thermal attach is automatic.



adherands are positioned between the el ectrodes; and generating a plasma in
the plasnma reactor. 2. The process of claim1, further includipng the step
of : generating the plasna fromone of the group of nitrogen and argon. 3.

A process for increasing the bond between a plastic cavity package |id and
pl astic cavity package body, conprising the steps O?EPL‘NC@@EN? dHERT d and
the body in a plasma reactor; and generating a pl as L0 e _plLasm

reactor. 4. The process of claim3, wherein the|stfep of generat|nf a
pl asma further conprises the steps of: ‘| 11 SEP 199

v

-9

6. 1lid seal step. .

While the present invention has been described for use in a
packaging process for a cavity package lid seal enhancement, the
processes described herein could advantageously be used for
cleaning any microelectronics package surface, such as degreasing
prior to symbolization. It could also be used with metal cavity
packages, plastic packages, high power products, hybrid stacked
memory, or multi-chip products.



i ntroducing a reactant gas into the reactor; and exciting the reactant gas.
5.. The process of claim4, wherein the step of exciting the reactant gas
i ncludes the step of applying rf power to the pl asFa~chanber 6 The

process of claima4, further including the step of; REﬂM@EMﬁNTHﬂEQTe sure in
t he plasma chanber to bel ow 760 Torr. 7. A net hgd [for—seattnrg—e cavi ty

package, conprising the steps of: applying pressufe}t /| ppckage
for a predetermned tinme; and OH%QEPC%b

. A

1. A process for preparing adherands comprising the steps
of:

Exposing the adherands to a plasma.

2. The process of claim 1, wherein the step of exposing the
adherands further includes the steps of:

placing the adherands in a plasma reactor such that the
adherands are positioned between the electrodes; and

generating a plasma in the plasma feactor.

3. The process of claim 1, further including the step of:

generating the plasma from one of the group of nitrogen and
argon.

4. A process for increasing the bond- between a plastic

cavity package 1lid and plastic cavity package body, comprising
the steps of: _ '

placing tfe lid and the body in a plasma reactor: and

. generating a plasma in the plasma reactor.

5. The process of claim 4, wherein the step of generating a
plasma further comprises the steps of:

introducing a reactant gas into the reactor:; and

exciting the reactant gas.

6. The process of claim 5, wherein the step of exciting the
reactant gas includes the step of applying rf power to the plasma
chamber.

7. The process of claim 5, further including the step of:

reducing the pressure in the plasma chamber to below 760
Torr.

8. A method for sealing a cavity package, comprising the
steps of:

applying pressure to the cavity package for a predetermined

txme. and
Sheet Iiii|1|3eenll|eilaced




-11- heating the cavity package to a predeterm ned tenperature during the
step of applying pressure. 8. The nmethod of claim7, wherein the step of

appl yi ng pressj tep of ~placing the package in a press. 9 .
The met hod of LIMHMBEMEWISHEET onmprising the step of: placing a pad

bet-ween the presg—ami—ttepackage prior to applying pressure to the

package. 10. The nie,i ré% %96“ aijm 7, further Cﬂnﬂﬂmllmllﬂllmﬂmp of :

~-11-

heating the cavity package to a predetermined temperature
during the step of applying pressure.

9. The method of claim 8, wherein the step of applying
pressure includes the step of placing the package in a press.

10. The method of claim 9, further comprising the step of:

placing a pad between the press and the package prior to
applying pressure to the package.

11. The method of claim 8, further éomprising the step of:

cooling the package below a predetermined temperature while
maintaining the package at a pressure. .

12. A method of assembling a cavity package, the package
having a body and at least one lid, comprising the steps of:

" preparing the lid and body:

applying adhesive to the lid or the body:

placing the lid on the body; and

sealing the lid to the body.

"13. The process of claim 12, wherein the step of preparing
includes the step of: '

placing the 1id and body in a plasma chamber; and

generating a plasma in the plasma chamber.

14. The process of claim 12, wherein the step of sealing
further comprises the steps of:

heating the package to a predetermined temperature; and

applying uniform pressure to the package for a predetermined
time. '

15. The process of claim 14, further comprising the step of:

cooling the package to a predetermined temperature while
maintaining uniform pressure.

16. A method of packaging a semiconductor chip, comprising
the steps of:

Attaching the chip to a lead frame;
interconnecting the chip to the lead frame;
forming a ring around the chip;

placing a 1id on the ring such that the ring and lid totally
surround the chip; and

sealing the 1lid to the ring.
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cool ing the package bel ow a predeterm ned tenperature while maintaining the
package at a pressure. 11. A nethod of assenbling a cavity package, the

package having a one lid, conprtsing—the steps of:
preparing the lid eﬁEBL Tasmggyl g adhesive to dy;
placing the lid (gn rre~body; sgealing the lid L ﬁ“m“m‘ “m The
process of clainilq ' e step of:

sfep of preparin
placing the lid gn bﬁigﬁﬁqa&& hS [ra chaf;)er; and generating a plasma in
t he pl asma chanbgr. TheT

17. The method of claim 16, further comprising the step of
preparing the ring and lid.

18. The method of claim 17, wherein the step of preparing
comprises the steps of:

placing the ring and ¥id in a plasma chamber; and

generating a plasma in the plasma chamber. -

19. The method of claim 16, further comprising the step of

placing an adhesive on the lid or ring.

20. A method of packaging a semiconductor chip, wherein the

package has a lid transparent to UV light and a ring surrounding
the chip, comprising the steps of:

preparing the ring in a plasma reactor;

pPreparing the lid;

applying an adhesive to the ring or lid;

sealing the lid to.the ring, such that the chip is surrounded
by the sealed package.

21, The method of claim 20, Wherein the step of preparing
the lid further comprises degreasing the 1lid.
22. The method of claim 20, wherein the step of preparing
lid further comprises placing the 1lid in an ultrasonic bath.
23. A method of packaging an integrated circuit, the package

having a ring formed around the integrated circuit and a£ least
one lid, comprising the steps of:

preparing the surface of the lid;
applying an adhesive to the 1lid;
preparing the rings;
placing the lid into the ring:;
_ placing heatspreaderes into the ring; and
sealing the 1id to the ring.

the

24, The method of claim 23, wherein the step of preparing
the surface of the lid further comprises cleaning the surface of
the 1lid. ’

25. The method of claim 23, wherein the step of preparing
the 1lid further comprises the steps of:

cleaning the surface of the lid;
degreasing the surface of the lid;
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13. The process of claim1l, wherein the step of sealing further conprises
the steps of: heating the package to a predeterm ned tenpera ; and

appl yi ng uniform pressure to the package for a predete

process of claim 13, further conprising the ste
a predeterm ned tenperature while maintaining un
nmet hod of packagi ng a sem conductor chip, conprd
Attaching the chip to a | ead frane; |nterconnect

ed t The
co Wepackage to
15. A

te?Js "of
¢ he chip to the | ead

franme;

-13-

deoxidizing the surface of the lid;

anodizing the surface of the lid;and

applying an adhesive primer to the surface of the lid.

26. The method of claim 23, wherein the step of preparing
the 1lid further comprises the steps of:

degreasing the surface of the 1id;

immersing the lid in a sulphuric acid bath;

rinsing the 1lid in distilled water; and

drying the 1lid.

26. The method of claim 23, wherein the step of preparing
the surface of the lid comprises the step of cleaning the surface
with an acid mixture.

27. A method of sealing a 1lid to the body of a semiconductor
chip package, comprising the steps of:

applying adhesive to the 1id;

placing the lid on the body:

placing the 1lid and body in a press;

applying a predetermined pressure to the lid and body for a
predetermined time.

28. The method of claim 27, further comprising the step of;

maintaining the temperature of the lid and body according to
a predetermined profile during the step of applying pressure.

29. The method of claim 27, wherein the step of applying a
predetermined pressure comprises maintaining the pressure such
that it follows a predetermined profile. '

30. The method of claim 27, further comprising the step of

maintaining a predetermined pressure while cooligg the 1lid and
body to a predetermined temperature.

REPLACEMENT SHEET

11 SEP 1996

L

een Re) p\aced

i



formng a ring around the chip; placing a lid on the ring such that the
ring-and lid totally surround the chip; and sealing the lid to the ring.
-12- 16. The nmethod of claim 15 , further conprising the step of preparing
the ring and Iid. 17. The nethod of claim 16, wherein the step of preparing
conprises the steps of:

-14-

. ABSTRACT
"Plastic cavity package 1lid seal process"
A method of producing a cavity package semiconductor device is disclosed. The
method includes Iin a package having a body (20) and at least one lid (22) the steps
of preparing the lid (22) and body (20); applying adhesive (26) to the lid (22) or the

body (20); placing the ld (22) on the body (20); and sealing the lid (22) to the body
(20).

Figure 1
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placing the ring and lid in a plasma chanber; and generating a plasma in
the_plasma chanber. 18. The nethod of claim 15, further conprising the step
of placing an adhesive on the Iid or ring. 19. A nethod of packaging a

sem conductor chip, wherein the package has a lid transparent to UV |ight
and-a ring surrounding the chip, conprising the steps of: preparing the
ring in a plasma reactor; preparing the lid; applying an adhesive to the
ring or lid; sealing the lid to the ring, such that the chip is surrounded
by the seal ed package.

1/5
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20. The nethod of claim 19, Wherein the step of preparing the Iid further
conpti ses degreasing the lid. 21. The nethod pof claim 19, wherein the step

of preparing the lid further conprises placi ﬁe-LLd_Ln“gg?EItrasonic
bath. 22. A nmet hod of packaging an integrate HUMEWENWWQf.§CzaQE havi ng a

ring“formed around the integrated circuit an ] df conprising
the steps of: preparing the surface of the |Ifd | M an pdnesive to the
lid; preparing the rings; placing the lid info tﬁ’g?rﬁ%%%l i*ng :
heat spreaderes into the ring; and /

|
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sealing the lid to the ring. 23. The nmethod of claim22 , wherein the step
of preparing the surface of the lid further conprg ses cleaning the surface

of the Ilid. 24. The nethod of claim 22, whereinft LZ\@EM of pr-epal ing the
lid further conprises the steps of: cleaning thefsUrt 5N7t55' ETi 4;
REPLACEMENT SHEET degreasing the surface of the §ig; - 13- M
11 SEP 1996 }
3/5

il2
TIME (MIN)
~Fr 6.2

ARGON SOURCE GAS - THERMOSET POLYMER SUBSTRATE
1I4

8000
7000
6000
5000
4000
3000
2000
1000

EFFECT OF SURrFACE TREATMENT 1[ME ON ADHESION

S OO WO ZXZ a o -



deoxi di zing the surface of the lid; anodizing the surface of the |id;and

appl ying an adhesive priner to the surface of the Iid. 25. The nethod of

claim 22, wherein the step of preparing-the lid further conprises the steps

of : degreasing the surface of the lid; imersing the |lid in a sul phuric

acid bath; rinsing the lid in distilled water; and drying the lid. 26. The

nmet hod of claim 22, wherein the step of preparing the surface of the lid
conprises the step of cleaning the surface with an acid m xture.
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27. A nmethod of sealing a lid to the body of a sem conductor chip package;
comprising the steps of: applying adhesive to the lid; placing the Iid on
the body; placing the lid and body in a press; applyEligQ a-predeternm ned
pressure to the lid and body for a predetermned ti
clai'm 27, further conprising the step of; naintaini
the lid and body according to a predetern1ned profi lje durln t he stép
appl yi ng pressure. 29. The nethod of éy5a|n127 whereifn apo6f
appl ying a predeterm ned pressure conpri'ses mai ntai i ng the pressurg puch

of
of
of
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t hat

It foll ows aJpPrEy T ile. 30. The nethod of claim
further conprising éﬁﬁﬁbﬁ@"t

7&1 -5 aro®

' 4 aining a predeLeLﬂlﬂggEgL;éénéaTwhiIe
coolirng the |id apdlbody to a predegterm ned tenperature. SHEET

.CLAMS
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1. A process for preparing adherands comprising the step

of exposing the adherands to a plasma wherein the step of

exposing the adherands further includes the step of:
placing the adherands in a plasma reactor such that the

adherands are positioned between the electrodes; and
generating a plasma in the plasma reactor.

2. The process of claim 1, further including the step of:
generating the plasma from one of the group of nitrogen and
argon.

3. A process for increasing the bond between a plastic
cavity package 1lid and plastic cavity package bddy,
comprising the steps of:

placing the 1lid and the body in a plasma reactor; and
generating a plasma in the plasma reactor.

4. The process of claim 3, wherein the step of generating
a plasma further comprises the steps of:

introducing a reactant gas into the reactor; and
exciting the reactant gas.

5. The process of claim 4, wherein the step of exciting
the reactant gas includes the step of applying rf power to
the plasma chamber.

6. The process of claim 4, further including the step of:
reducing the pressure in the plasma chamber to below 760
Torr.

7. A method for sealing a cavity package, comprising the
steps of:

applying pressure to the cavity package for a
predetermined time; and
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heating the cavity package to a predetermined temperature
during the step of applying pressure.

8. The method of claim 7., wherein the step of applying
pressure includes the step of placing the package in a press.

.9 . The method of claim 8, further comprising the step of:

placing a pad between the press and the package prior to
applying pressure to the package.

10. The method of claim 7, further comprising the step of:

éooling the package below a predetermined temperature while
maintaining the package at a pressure.

11. A method of assembling a cavity package, the package
having a body and at least one lid, comprising the steps of:

preparing the 1lid and body;

applying adhesive to the 1id or the body:

placing the lid on the body:; and

sealing the 1lid to the body.

12. The process of claim .Il, wherein the step of preparing
includes the step of:

placing the 1lid and body in a plasma chamber; and

generating a plasma in the plasma chamber.

13. The process of claim 11, wherein the step of sealing
further comprises the steps of:

heating the package to a predetermined temperature: and

applying uniform pressure to the package for a predetermined
time.

-14. The process of claim ﬂﬁ, further comprising the step of:

cooling the package to a predetermined temperature while
maintaining uniform pressure.

15. A method of packaging a semiconductor chip, comprising
the steps of:

Attaching the chip to a lead frame;

interconnecting the chip to the lead frame;

forming a ring around the chip;

placing a 1lid on the ring such that the ring and lid totally
surround the chip; and

sealing the 1lid to the ring. REPLACEMENT SHEETF-.
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'16. The method of claim 15, further comprising the step of
preparing the ring and lid.

-‘ii ' The method of claim 16, wherein the step of preparing
comprises the steps of:

placing the ring and 1lid in a plasma chamber; and

generating a plasma in the plasma chamber.

.18. The method of claim 15, further comprising the step of
placing an adhesive on the lid or ring.

L@& A method of packaging a semiconductor chip, wherein the
package has a 1lid transparent to Uv light and a ring surrounding
the chip, comprising the steps of:

preparing the ring in a plasma reactor:;

preparing the 1lid;

applying an adhesive to the ring or 1lid:

sealing the 1lid to the ring, such that the chip is surrounded
by the sealed package.

20.. The method of claim ‘19, Wherein the step of preparing
the lid further comprises degreasing the 1lid.

21. The method of claim ,19, wherein the step of preparing
the 1lid further comprises placing the lid in an ultrasonic bath.

22| A method of packaging an integrated circuit, the package
having a ring formed around the integrated circuit and at least
one lid, comprising the steps of:

preparing the surface of the 1lid:

applying an adhesive to the 1lid;

preparing the rings;

placing the lid into the ring;

placing heatspreaderes into the ring; and
sealing the 1lid to the'ring.

23 The method of clahnzié, wherein the step of preparing
the surface of the lid further comprises cleaning the surface of
the 1lid.

24. The method of claim 22 , wherein the step of preparing
the lid further comprises the steps of:

cleaning the surface of the 1id;
degreasing the surface of the lid;
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~deoxidizing the surface of the 1lid;

anodizing the surface of the lid;and

applying an adhesive primer to the surface of the 1lid.

25. The method of claim 22, wherein the step of preparing
the lid further comprises the steps of:

degreasing the surface of the 1lid;

immersing the lid in a sulphuric acid bath;

rinsing the lid in distilled water; and

drying the 1lid.

26, . The method of claim 22!, wherein the step of preparing
the surface of the lid comprises the step of cleaning the surface
with an acid mixture. _

_ 27, A method of sealing a 1lid to the body of a semiconductor.
'”chip package, comprising the steps of:

applying adhesive to the 1lid;

placing the 1lid on the body:;

placing the lid and body in a press;

applying a predetermined pressure to the lid and body for a
predetermined time.

28. The method of claim 27, further comprising the step of:

maintaining the temperature of the 1lid and body according to
a predetermined profile during the step of applying pressure.

29. The method of claim 27, wherein the step of applying a
predetermined pressure comprises maintaining the pressure such
that it follows a predetermined profile.
¥ 7'30. The method of claim 27, further comprising the step of
maintaining a predetermined pressure while cooling the lid and
body to a predetermined temperature.
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