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(57) ABSTRACT 

The invention provides a unique method and apparatus for 
removing ?ash or other contaminants from an electronic 

package such as encapsulated semiconductor device by 
exposing the device to plasma gas. In a preferred embodi 
ment, a plasma gas cleaner is provided With a reaction 
chamber used to house the encapsulated device during a 
de?ashing procedure. Plasma gas is supplied to the reaction 
chamber for reaction on the surfaces of the device. The 

reaction of the plasma on these surfaces successfully 
removes excess encasing material and other contaminants. 

The plasma gas cleaner may be a plasma gas device used for 
other process steps (e.g., plasma etching) employed during 
the fabrication and manufacture of the semi conductor 
device. 
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METHOD AND APPARATUS FOR REMOVING 
CONTAMINANTS ON ELECTRONIC DEVICES 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention is directed to the ?eld of manufac 
turing electronic devices. More speci?cally, the invention is 
directed to cleaning systems and methods used to remove 
foreign material such as ?ash and other contaminants from 
external leads of the electronic devices. 

[0003] 2. Description of Related Art 

[0004] Intricate electronic devices such as semiconductor 
integrated circuits (ICs) (or “chips”) are typically housed in 
an encasing referred to as a “package.” The package typi 
cally includes a “lead frame” that is electrically connected to 
the IC Within the package, and extends outWard to alloW 
electrical connection of the IC to a circuit board or other 
product. One of the most popular package types used in the 
art is knoWn as the “epoxy molding” or “plastic” package. 
With this type of package, the IC and lead frame are 
enclosed or encapsulated by a plastic or resin material that 
serves to protect the chip from moisture, contamination, and 
other physical or environmental conditions. 

[0005] The basic process ?oW for the manufacture of a 
plastic package of a semiconductor device starts With the 
attachment and bonding of the IC die to a lead frame 
containing a number of leads. A preseal inspection often is 
performed to ensure that the die is attached correctly. A 
plasma cleaning step may be included prior to Wire bonding 
to remove any residual photoresist, or other organic con 
taminants on the bonding surfaces of the die. The bonding 
surfaces of the IC die are then respectively connected to 
individual leads on the lead frame With very thin Wires 
during the Wire bonding step. The lead frames and attached 
dies are then transferred to a molding area. 

[0006] In the molding area, the frames are placed on a 
mold mounted in a transfer molding machine. The molding 
machine in turn injects epoxy or other plastic encasing 
material into the mold around the die on the lead frames, 
thereby forming an individual package around each lead 
frame leaving only external (“outer”) leads exposed to the 
environment. Aplating step is often used to coat the external 
leads of the package With a metal ?nish so as to improve the 
lead solderability, resulting in a more reliable electrical 
connection of the package and the printed circuit. After the 
epoxy sets in the mold, the frames are removed and placed 
in an oven for ?nal curing. 

[0007] Often, as a result of the molding step, excess 
plastic, resin, Wax or other organic residue material, such as 
trace oxides or contaminants, can be found around the casing 
of the encapsulated chip, as Well as on and betWeen the 
external leads of the chip. As shoWn in accompanying FIG. 
1, a typical lead frame 10 is used to provide external 
electrical connections to IC die 20. Once the die 20 is 
mounted on the lead frame 10 and the appropriate Wire 
bonds are made to inner leads 24, 28, the lead frame 10 is 
exposed to an encapsulation process step. In this process 
step, the die 20 and inner leads 24 (around the boundary 
indicated by the dashed line 26) Will be encapsulated by a 
molded plastic casing 30 (FIG. 2). 
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[0008] During this encapsulation process, the lead frame 
10 is inserted into a mold cavity While the leads 16 extend 
outside of the cavity. The mold is heated and the plastic is 
injected into the mold in liquid or semi-liquid form under 
very high pressure. Due to its ?uidity, the plastic material 
leaks out of the mold through any crevices Where the sealing 
is imperfect. As a result, excess encasing material 36 (FIGS. 
2 and 3) “bleeds” out of the encapsulated chip package 30 
onto and betWeen leads 16. This excess encasing material 36 
is referred to in the art as “?ash.” Flash is detrimental to the 
fabrication process in that its presence adversely affects the 
subsequent soldering, trimming and forming operations, in 
addition to the overall electrical characteristics of the device. 

[0009] To avoid the problems caused by ?ash, another 
process step often referred to as “de?ash” or “?ash removal” 
is commonly added to the basic process ?oW. Most of the 
knoWn methods employed to perform this de?ash step 
involve exposing the device to chemical solvents or abrasive 
blasting. The ?ash removal system shoWn in US. Pat. No. 
5,318,677, for example, performs the de?ashing step by 
dipping the components in a bath of glycerol and phosphate. 
In another example, the cryogenic de?ashing system of US. 
Pat. No. 5,676,588, attempts to remove ?ash by exposing 
devices to cryogenic material such as liquid nitrogen (at a 
temperature of about —60° F. or beloW) and blasting the 
devices With particulate media. Many other variations of 
these tWo types of de?ashing procedures are knoWn in the 
art. 

[0010] The chemical solvent-based de?ashing procedures 
are problematic because of the liquid Waste that is produced 
leading to environmental concerns regarding the handling 
and disposing of the used solvents. 

[0011] The essential disadvantage of the abrasive-type of 
?ash removal systems is that minute quantities of the 
blasting abrasive become embedded in the surface of the 
electronic part (e.g., lead). These embedded particles must 
be carefully removed before proceeding With other process 
steps such as plating the surface With a metallic (solderable) 
coating. The abrasive de?ashing procedure is also often 
incomplete in regions leaving very thin layers of residue that 
are very dif?cult to detect upon inspection With the naked 
eye. 

SUMMARY OF THE INVENTION 

[0012] The invention provides a unique apparatus for and 
method of removing ?ash or other contaminants from elec 
tronic packages such as encapsulated semiconductor devices 
by exposing the devices to plasma gas. In a preferred 
embodiment, a plasma cleaner is provided With a reaction 
chamber used to house the devices during a de?ashing 
procedure. Plasma gas is supplied to the reaction chamber 
for reaction on the surfaces of the devices. The reaction of 
the plasma on these surfaces operates to successfully remove 
the excess encasing material and other contaminants often 
found on the devices (particularly on their leads) that may 
interfere With the proper manufacture or operation of the 
device. 

[0013] In another preferred embodiment, the invention 
makes use in the de?ashing procedure of the same (or part 
of the same) plasma gas cleaner used for other process steps 
(e.g., plasma etching) during the fabrication and manufac 
ture of the electronic device. 
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[0014] Among the many advantages derived from the 
invention include the removal of ?ash Without degrading the 
surface of the leads, Without leaving any organic residue or 
other ?lm, and Without producing any liquid Waste. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and other advantages of the inven 
tion Will become more apparent from the detailed descrip 
tion of the preferred embodiments of the present invention 
given beloW With reference to the accompanying draWings 
in Which: 

[0016] FIG. 1 illustrates an integrated circuit (IC) die 
attached to a lead frame; 

[0017] FIG. 2 illustrates the IC die and lead frame encap 
sulated by a molded encasing material and having molding 
?ash; 
[0018] FIG. 3 illustrates ?ash on an external lead of the 
encased lead frame; 

[0019] FIG. 4 shoWs a block diagram of a plasma de?ash 
apparatus in accordance With a preferred embodiment of the 
invention; 
[0020] FIGS. 5a, 5b, and 5c shoW a plasma cleaner in 
accordance With a preferred embodiment of the invention; 

[0021] FIG. 6 is a chart depicting the basic process ?oW 
for manufacturing an electronic package in accordance With 
a preferred embodiment of the invention; 

[0022] FIG. 7 is a chart depicting the basic process ?oW 
for a de?ash operation in accordance With a preferred 
embodiment of the invention; and 

[0023] FIG. 8 is a block diagram illustrating an in-line 
manufacturing system in accordance With a preferred 
embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] The present invention Will be described in detail as 
set forth in the preferred embodiments illustrated in FIGS. 
4 through 7. Although these embodiments depict the inven 
tion in its preferred application to a semiconductor memory 
device, it should be readily apparent that the invention has 
equal application to any type or con?guration of semicon 
ductor device (e.g., microprocessor, microcomputer, digital 
signal processor (DSP), programmable logic array (PLA), 
etc.) in any type of molded packaging (e.g., dual in-line 
(DIP), ?atpack (FP), leadless chip carrier (LCC), pin-grid 
array (PGA), etc.), as Well as any other electronic device that 
encounters the same or similar problems. 

[0025] The invention operates to remove troublesome 
?ash or resin-bleed, shoWn in FIGS. 1-3, by exposing the 
encapsulated package 30 and its external leads 16 to a novel 
de?ashing apparatus and method that utiliZes plasma gas to 
remove the ?ash 32, 34, 36 Without degrading the surface of 
the leads, Without leaving any organic residue or other ?lm, 
and Without producing any liquid Waste. 

[0026] In accordance With a preferred embodiment of the 
invention, a plasma cleaner for performing the ?ash removal 
is depicted in block form in FIG. 4. The plasma cleaner 
includes a process chamber 44 (also referred to as a “reac 
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tion chamber”) used to temporarily house one or more 
semiconductor packages, represented in FIG. 4 as lead 
frame 10 and casing 30, during the de?ashing procedure. A 
supply of gas 41 is included to provide a source of gas to the 
process chamber 44 from Which a reactive plasma can be 
generated, as Will be discussed beloW. Preferably, the gas 
supplied in source 41 is Argon (or, alternatively, Oxygen) or 
Argon combined With any number of plasma forming gases 
(e.g., O2, H2, CF4, air, etc.) knoWn to be used by those of 
ordinary skill in the art. In another preferred embodiment, 
the plasma cleaner used for de?ashing in accordance With 
the invention may be the same, or part of the same, plasma 
cleaner used for other plasma-based process steps, e.g., dry 
etching, etc., used in the fabrication or manufacture of the 
electronic package. The gas from source 41 is introduced 
into the process chamber 44 through gas inlet 40, Which may 
be formed integrally With the process chamber 44 itself, or 
as a separate structure, e.g., external tubing, or by any 
knoWn construct that permits controlled communication of 
gas from source 41 to process chamber 44. 

[0027] A poWer supply 46 is coupled to process chamber 
44 to provide a source of direct current (DC) voltage or radio 
frequency (RF) energy to the gas in the process chamber 44. 
When supplying RF energy, preferably the poWer supply 46 
is operating in the range of 1 KHZ to 100 GHZ With almost 
any gas. Although not shoWn, the poWer supply 46 may 
apply its output energy through the use of electrodes (either 
external or internal) to the chamber. Alternative mechanisms 
knoWn in the art to generate plasma could also be utiliZed 
such as DC abnormal gloW discharges, parallel plate RF 
capacitive reactors, ?at coil inductively coupled RF reactors, 
electron cyclotron resonance (ECR) microWave reactors, 
etc. The electric ?eld derived from the energy output by 
poWer supply 46 as applied to the gas in the process chamber 
44 is effective to convert the gas into a reactive plasma. 

[0028] The plasma reacts at the surface of the semicon 
ductor device placed in the process chamber 44. The plasma 
also reacts on the metallic surface of the external leads of 
lead frame 10 to break organic bonds betWeen ?ash such as 
plastic, resin, Wax ?ash or other contaminants, and the 
surface of the leads. In particular, the energy in the electric 
?eld in the chamber 44 is suf?cient to dissociate the reactive 
gas. In this dissociation process, reactive gas molecules are 
broken into species including free radicals, i.e., neutral 
atoms or collections of atoms With incomplete bonding. 
These free radicals diffuse to the surfaces of the exposed 
lead frame 10 in random directions. Radicals are highly 
reactive chemically and are chie?y responsible for the 
removal of the organic material on the leads. 

[0029] A vacuum pump 42, Which maintains the pressure 
inside the process chamber 44 (usually run at pressures of 
150 millitorr to 1500 millitorr), may be included in the 
plasma cleaner to remove the contaminant by-products 
resulting from the plasma reaction at the surface of the leads. 
In accordance With another preferred embodiment of the 
invention, the plasma cleaner may simultaneously accom 
modate a plurality of packages to alloW for use in high 
throughput processes. As shoWn in FIG. 5a, a plurality of 
encapsulated packages 52 may be arrayed into a plurality of 
storage units 54 (e.g., shelves), all housed in a magaZine 50. 
The magaZine has vent holes 56 that may take the form of 
any of a variety of shapes, e.g., circles, squares, rectangles, 
etc. These vent holes 56 permit the plasma gas to permeate 
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through the magazine 50 and react With the surfaces of the 
individual packages 52. As shown in FIG. 5b, the reaction 
chamber 58 may house a plurality of magaZines 50 for 
simultaneously performing a plasma de?ashing process on a 
host of individual packages 52. 

[0030] As a further illustration of the invention, the fol 
loWing example has been provided: 

EXAMPLE 

[0031] Aplurality of semiconductor memories are housed 
in a magaZine and placed in a plasma oven for 4 hours. The 
plasma oven has an internal temperature of 175° C. During 
this 4 hour period, plasma gas having 90% Argon is intro 
duced into the plasma oven. Avacuum is applied to maintain 
the pressure betWeen 300 mTorr-l Torr. The plasma gas and 
vacuum are applied only betWeen 5 and 20 minutes of the 4 
hour period. An RF poWer supply (rated betWeen 250-600 
Watts) generates an electric ?eld that is also applied during 
this 5-20 minute period to the plasma oven. 

[0032] A cross-sectional vieW of one implementation of 
the reaction chamber 58 is shoWn in FIG. 5c, although many 
other implementations or variations developed by those 
skilled in the art may be utiliZed. The reaction chamber 58 
shoWn in FIG. 5c contains shelving units in the form of 
poWered shelf 51a and grounded shelf 51b used to support 
magaZines 50 during the de?ashing procedure. The poWered 
shelf 51a is also used to conduct the RF energy supplied to 
the reaction chamber 58 through RF feedthru 57, poWer 
busses 55a, and conductive coupling links 510. Similarly, 
grounded shelf 51b is used to maintain a grounded state 
through its connection With conductive coupling links 51c to 
ground busses 55b. A vacuum port 53 permits access to the 
system’s vacuum pump 42 (FIG. 4), for implementations 
that use a vacuum pump. 

[0033] As described herein, the invention is operative to 
perform all or part of the ?ash removal required in the 
“de?ash” step in any process of manufacturing electronic 
devices such as semiconductor memory devices. As shoWn 
in FIG. 6, the basic process How for a typical process of 
manufacturing a semiconductor device embodying the 
invention starts With the fabrication step 62, Where a plu 
rality of semiconductor dies may be fabricated on a Wafer. 
For each individual device, a respective one of the plurality 
of dies is selected and separated from the other dies (step 
64). The selected die is then attached to the central pad or 
“island” of a lead frame (step 66) using epoxy, polyimide, 
eutectic or other attaching materials knoWn in the art. A 
visual inspection of the die/lead frame combination may be 
made (step 68) to ensure proper alignment, absence of 
defects, etc. 

[0034] A cleaning step 70 is then utiliZed to remove any 
excess adhesive or other contaminants that may reside on the 
surface of the die or on the inner leads of the lead frame. It 
is on these junctures that an electrical connection Will be 
made (in step 72) betWeen a bonding pad on the die and one 
of the inner leads of the lead frame. The combined structure 
is then transferred to a molding area Where the structure is 
placed in a mold for encapsulation (step 74). Typically, a 
plastic or other Workable resin is injected into the mold 
surrounding the die and the inner leads of the lead frame to 
form a encased package. Only the outer leads of the lead 
frame appear on the exterior of the package. 
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[0035] As noted in the section above, imperfections in the 
mold result in an excess of encasing material and other 
contaminants 32, 34, 36 (FIGS. 2 and 3) appearing on the 
casing itself 30, as Well as on and betWeen the outer leads 16 
of the lead frame. In accordance With the invention, a 
“de?ash” step, represented as step 76 in FIG. 6, utiliZing a 
plasma gas, in the manner described above, is effective in 
removing the excess encasing material Without leaving any 
residue or ?lm and Without damaging the surface material. 
The package is then sent to an oven or other heat chamber 
for ?nal curing (step 78). 

[0036] A lead plating process step is used to coat the 
external leads With a metal layer to enhance the conductivity 
of the leads (step 80). A number of ?nishing steps (repre 
sented by step 82) can then be employed to complete the 
fabrication and manufacture of the semiconductor device, as 
necessary. For example, the ?nishing steps may include: 
marking the encapsulated package, soldering the encapsu 
lated package to a printed circuit board, performing electri 
cal or physical tests of the device, placing the package in 
device tubes for shipment, etc. 

[0037] As should be readily apparent, many of the basic 
process How steps discussed above may vary (e.g., order of 
steps changed, steps added, steps subtracted, steps substi 
tuted, etc.) Without detracting from the invention. For 
example, the lead plating step 80 may easily be performed 
prior to ?nal curing in step 78. Indeed, in another preferred 
embodiment, the plasma clean step 76 and cure step 78 are 
implemented simultaneously using the same chamber. As 
shoWn in FIG. 5b, the plasma cleaner can be modi?ed to add 
a source of heat 59 to provide the heat necessary to cure the 
molded package directly in the reaction chamber 58. The 
heat output from the source 59 may be supplied to reaction 
chamber 58 in any manner knoWn in the art. Moreover, the 
plasma cleaner used to perform the plasma clean step 76 in 
accordance With the invention may be the same plasma 
cleaner used to perform one or more plasma-based process 
ing steps (e.g., fabrication dry etching step 60 (FIG. 6), 
plasma-based pre-mold clean step 70, etc.) utiliZed in the 
fabrication and manufacture of the electronic device. 

[0038] Although the precise manner of implementing the 
plasma clean step (step 76) of the invention may differ, the 
basic process How for the preferred embodiment of the 
invention is shoWn in FIG. 7. In step 77a, a gas is introduced 
into a plasma cleaner. The gas is converted to a reactive 
plasma (step 77b) and caused to react on one or more 
surfaces to be cleaned, e.g., external leads, of the electronic 
package (step 77c). The reaction on the surface caused by 
the reactive plasma breaks the organic bond betWeen the 
surface and any contaminants residing thereon, and pro 
duces volatile by-products. These by-products are then 
removed from the plasma cleaner (step 77a) to complete the 
de?ashing procedure. 

[0039] A basic in-line block diagram of a manufacturing 
system that may be used to perform the foregoing process of 
the preferred embodiment is shoWn in accompanying FIG. 
8. (Each section of the system shoWn in block form could be 
implemented in any manner knoWn to those of ordinary skill 
in the art. Any number of different fabrication techniques, 
for example, knoWn to be used at the time by ordinary 
skilled artisans may be utiliZed for the “fabrication” section 
90 of the system. As shoWn, a fabrication section 90 may be 
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used to fabricate one or more electronic devices such as 
semiconductor integrated circuits in the form of IC dies on 
a Wafer of silicon (or other material). A die selection/ 
separation section 91 provides a determination of Which one 
of the plurality of IC dies Will be selected for a particular 
package currently under process. Typically, the selection 
Will be based on the presence of identifying marks on the IC 
die indicating the results of a prior inspection in the fabri 
cation section 90. Adie attachment section 92 is next utiliZed 
to join the selected IC die and a lead frame, as previously 
discussed. The die attachment section 92 may also include 
an inspection station used to provide an added degree of 
quality assurance. A cleaning section 93 can be used to 
remove any excess epoxy or other material that may appear 
on the surfaces of the die or lead frame as a result of the 
previous die attachment. The cleaning section 93 may utiliZe 
a plasma cleaner or some other cleaning apparatus knoWn in 
the art. A Wire bonding section 94 folloWs in the line to 
provide the necessary electrical connections betWeen the 
bonding pads on the die and the inner leads of the lead 
frame. 

[0040] The attached die and lead frame are then trans 
ferred to mold section 95 Where the tWo components are 
placed in a mold for encapsulation. The resulting encapsu 
lated device forms a package Which leaves only outer leads 
of the lead frame exposed. The plasma cleaning section 96, 
as discussed above, employs the novel plasma cleaner 
discussed above to remove any ?ash or other contaminants 
that may appear on the encasing or outer leads of the 
package. This plasma cleaning section 96, in accordance 
With one preferred embodiment, may be combined With the 
curing section 97, as discussed above. Alead plating section 
98 can then be used to coat the outer leads With a material 
to improve solderability or conductivity of the package. A 
variety of miscellaneous operations knoWn in the art (as 
described above) may then be performed in the ?nishing 
section 99 to complete the manufacture of the semiconduc 
tor device, as necessary. 

[0041] While the invention has been described in detail in 
connection With the best mode of the invention knoWn at the 
time, it should be readily understood that the invention is not 
limited to the speci?ed embodiments described. Rather, the 
invention can be modi?ed to incorporate any number of 
variations, alterations, substitutions or equivalent arrange 
ments not heretofore described, but that are commensurate 
With the spirit and scope of the invention. 

[0042] For example, although the plasma cleaner in the 
preferred embodiment Was disclosed (With reference to FIG. 
4) utiliZing a source of gas 41 supplied to the process 
chamber 44 prior to conversion to a reactive plasma, it 
should be readily understood that the invention could be 
modi?ed to alloW for the conversion of the gas in the source 
41 prior to introduction into the process chamber 44 through 
the gas inlet 40 (With the appropriate modi?cations, e.g., 
imposing the electric ?eld in the source 41, etc.). Another 
exemplary alteration Which should be readily apparent is the 
elimination of the vacuum pump 42 (FIG. 4) When using, for 
example, atmospheric plasma-based cleaning devices 
knoWn in the art in Which a loW pressure environment is not 
necessary to effect generation of plasma. 

[0043] In vieW of the many modi?cations Which can be 
made, the nature, spirit and scope of the invention is not 
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limited by the foregoing descriptions but is only be limited 
by the scope of the claims appended hereto. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 
1. A device for removing contaminants from one or more 

component surfaces of an encapsulated object, the device 
comprising: 

an enclosure for housing an encapsulated object; and 

a source of plasma gas, coupled to said enclosure, for 
exposing the encapsulated object in said enclosure to 
plasma gas; 

Wherein a reaction of the plasma gas at a component 
surface of the encapsulated object causes any contami 
nants thereon to be removed from the component 
surface of the encapsulated object. 

2. A device as in claim 1, Wherein the object is an 
electronic device having conductive component surfaces in 
the form of metallic leads, and Wherein the contaminants are 
an organic material that interferes With electrical connectiv 
ity of the metallic leads of the object. 

3. A device as in claim 1, further comprising: 

a source of heat coupled to said enclosure for providing 
heat to the encapsulated object in said enclosure simul 
taneously With the exposure of said object encapsulated 
to plasma gas. 

4. A device as in claim 1, further comprising at least one 
magaZine, said magaZine having a plurality of storage units 
each for holding at least one encapsulated object in said 
enclosure. 

5. A plasma cleaner comprising: 

a reaction chamber; 

a gas source coupled to said reaction chamber, 

an electric ?eld source coupled to said reaction chamber; 
and 

a vacuum pump coupled to said reaction chamber, 
Wherein said vacuum pump maintains vacuum pressure 
in said reaction chamber and removes by-products 
produced from reaction on a surface of an encapsulated 
electronic component of gas, Which is supplied to said 
reaction chamber by said gas source, and an electric 
?eld, Which is supplied to said reaction chamber by said 
source of electric ?eld. 

6. Aplasma cleaner as in claim 5, Wherein said gas source 
supplies Oxygen gas to said reaction chamber. 

7. An apparatus for removing ?ash from an encapsulated 
electronic device, the apparatus comprising: 

a chamber; 

a holder for supporting at least one encapsulated elec 
tronic device in said chamber, said at least one encap 
sulated electronic device containing ?ash on at least 
one of its surfaces; 

a gas inlet for introducing a reactive gas into said cham 
ber; and 

a poWer generator, coupled to said chamber, for convert 
ing reactive gas in said chamber into a reactive plasma 
to induce a plasma reaction on the at least one surface 
of said at least one encapsulated electronic device. 
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8. An apparatus as in claim 7, wherein the gas entering 
said chamber is Argon gas. 

9. An apparatus as in claim 7, Wherein the encapsulated 
electronic device is one of a plurality of semiconductor 
devices housed in said holder Which comprises a magaZine, 
Wherein the semiconductor devices have ?ash in the form of 
resin-bleed appearing on their eXternal leads. 

10. An apparatus as in claim 7, Wherein said poWer 
generator produces radio frequency (RF) energy and intro 
duces the RF energy into said chamber. 

11. A manufacturing device for treating and curing elec 
tronic packages, the device comprising: 

a process unit in Which electronic packages are disposed 
for treatment and curing; 

a gas source, coupled to said process unit, for introducing 
gas into said process unit; 

an energy ?eld generator supplying an energy ?eld inside 
said process unit, to cause Within said process unit the 
gas to produce a plasma Which reacts on conductive 
surfaces of the electronic packages to remove encasing 
material and contaminants therefrom; and 

a heat source providing heat inside said process unit to 
cure the electronic packages. 

12. A manufacturing device as in claim 11, further com 
prising a vacuum pump, coupled to said process unit, for 
maintaining a vacuum pressure inside said process unit and 
evacuating encasing material and contaminants removed 
from the electronic packages. 

13. A manufacturing device as in claim 12, Wherein the 
electronic packages are semiconductor devices having ?ash 
appearing on metallic external leads. 

14. A semiconductor processing subsystem for cleaning 
and heat treating semiconductor devices, the subsystem 
comprising: 

a reaction section in Which semiconductor packages are 
disposed for cleaning and baking; 

a source of gas, coupled to said reaction section, for 
eXposing the semiconductor packages disposed in said 
reaction section to reactive gas; 

a radio frequency (RF) poWer supply connected to said 
reaction section to selectively supply an RF ?eld to said 
reaction section and causing said reactive gas to form 
a plasma; 

a vacuum, attached to a vacuum port in said reaction 
section, for evacuating any by-products resulting from 
a reaction of the reactive gas on surfaces of the semi 
conductor packages When the RF ?eld is supplied to 
said reaction section; and 

a heat source providing heat inside said reaction section to 
bake the semiconductor packages inside said reaction 
section; 

Wherein said reaction section further comprises: 

at least one poWered shelf, coupled to said energy ?eld 
generator through a poWer bus; 

at least one grounded shelf, coupled to a grounded bus; 
and 
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at least one magaZine having a plurality of storage units, 
each storage unit housing one or more encapsulated 
semiconductor packages. 

15. Asemiconductor processing subsystem as in claim 14, 
Wherein said vacuum maintains the pressure inside said 
reaction section at less than one atmosphere. 

16. In a manufacturing system for manufacturing a semi 
conductor device, Wherein the manufacturing system 
includes subsystems for (1) fabricating a plurality of inte 
grated circuit (IC) dies on a Wafer, (2) selecting one of the 
IC dies from the Wafer, (3) attaching the selected IC die to 
a lead frame, (4) Wire bonding the selected IC die to inner 
leads of the lead frame, (5) encapsulating the bonded IC die 
and inner leads of the lead frame in encasing material to 
produce a semiconductor device package having only outer 
leads of the lead frame eXposed, (6) de?ashing residual 
encasing material and contaminants from the semiconductor 
device package, and (7) curing the semiconductor device 
package, a de?ashing apparatus comprising: 

a reaction chamber housing a plurality of semiconductor 
device packages during a de?ashing procedure; 

a source of gas supplying de?ashing gas to said reaction 
chamber; 

a gas inlet, Wherein said source of gas is in communica 
tion With said reaction chamber through said gas inlet; 

a voltage source, Wherein an electric ?eld is created in 
said reaction chamber through coupling of said reaction 
chamber With said voltage source; and 

a vacuum pump, coupled to said reaction chamber, 
Wherein said reaction chamber is placed under a 
vacuum pressure by said vacuum pump; 

Wherein the de?ashing gas from said source of gas reacts 
in response to the electric ?eld created in said reaction 
chamber by said voltage source on surfaces of the 
semiconductor device package housed in said reaction 
chamber, and Wherein removed encasing material is 
evacuated from said reaction chamber by said vacuum 
pump. 

17. Ade?ashing apparatus as in claim 16, Wherein organic 
bonds betWeen the encasing material and such surfaces are 
broken by said reaction to remove the encasing material 
from the outer leads of the semiconductor device package. 

18. A de?ashing apparatus as in claim 16, further com 
prising a heat source, coupled to said reaction chamber, for 
supplying heat to said reaction chamber before and during 
the de?ashing procedure so as to effectuate curing of the 
encasing material of the semiconductor device package at 
least before the de?ashing procedure. 

19. A de?ashing apparatus as in claim 16, further com 
prising a heat source, coupled to said reaction chamber, for 
supplying heat to said reaction chamber during the de?ash 
ing procedure so as to effectuate curing of the encasing 
material of the semiconductor device package at least during 
the de?ashing procedure. 

20. A de?ashing apparatus as in claim 16, further com 
prising a heat source, coupled to said reaction chamber, for 
supplying heat to said reaction chamber during and after the 
de?ashing procedure so as to effectuate curing of the encas 
ing material of the semiconductor device package at least 
after the de?ashing procedure. 
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21. A system for manufacturing an encased electronic 
device, the system comprising: 

a fabricator, operative to fabricate an electronic device; 

an encapsulator, receiving a fabricated electronic device 
after said fabricator, for encasing the fabricated elec 
tronic device, the encasing producing encased elec 
tronic device having external lead members; and 

a plasma cleaner, receiving the encased electronic device 
after said encapsulator, Wherein said plasma cleaner is 
operative to clean the external lead members of the 
encased electronic device using plasma gas. 

22. A system as in claim 21, Wherein said plasma cleaner 
comprises: 

a plurality of shelves for supporting a plurality of encased 
electronic devices, each shelf being electrically biased; 

a ?eld generator, coupled to at least one biased shelf of 
said plurality of shelves, for generating an electric ?eld 
Which propagates from the at least one biased shelf; 

a source of gas operative to expose the plurality of 
electronic devices supported by said plurality of 
shelves to a plasma forming gas, Wherein the generated 
?eld causes the gas to form a plasma. 

23. A semiconductor processing plant comprising: 

a fabrication station for fabricating a plurality of inte 
grated circuits (ICs) on a semiconductor medium; 

a selective separator station for selectively separating the 
semiconductor medium fabricated in said fabrication 
station into a plurality of individual ICs; 

a packaging station Which receives a selected one of the 
plurality of individual ICs separated by said selective 
separator station, Wherein said packaging station 
mounts the individual IC on a lead structure and 
surrounds the selected individual IC With encasing 
material to form a semiconductor package having 
extending leads; 

a cleaning station Which receives the semiconductor pack 
age from said packaging station, said cleaning station 
including: a reaction chamber, a supply of reactive gas, 
and a vacuum, said cleaning station producing a plasma 
for de?ashing encasing residue from the semiconductor 
package Which is temporarily housed in said reaction 
chamber; and 

a baking station containing a heat source for exposing said 
semiconductor package to heat so as to cure the encas 
ing material of the semiconductor package. 

24. A semiconductor device manufacturing system com 
prising: 

a fabrication section for producing a plurality of fabri 
cated integrated circuit (IC) dies; 

a die selection and separation section for selecting is an IC 
die from the plurality of IC dies fabricated in said 
fabrication section; 

a die attachment section for attaching the selected IC die 
to a lead frame; 

a pre-mold cleaning section Which removes any contami 
nants from the die and lead frame attached in said die 
attachment section; 
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a Wire bonding section Which bonds respective bonding 
pads on the selected die With respective inner leads of 
the lead frame attached to the selected die; 

a molding section Which encapsulates the selected die and 
inner leads of the lead frame attached to the selected die 
to form an encapsulated package leaving only outer 
leads of the lead frame exposed; 

a de?ash section Which includes a plasma cleaner, the 
plasma cleaner comprising: a reaction chamber, a gas 
supply, a radio frequency energy source, and a disposal 
mechanism, said de?ash section exposing the encap 
sulated package to plasma produced in said reaction 
chamber to substantially remove any ?ash appearing on 
the outer leads of the encapsulated package, said dis 
posal mechanism taking removed ?ash out of said 
chamber; 

a ?nal cure section Which heats the encapsulated package; 
and 

a lead plating section Which coats the outer leads of the 
encapsulated package With a layer of conductive mate 
rial. 

25. A semiconductor device manufacturing system as in 
claim 24, Wherein said ?nal cure section is incorporated in 
the plasma cleaner. 

26. A semiconductor device manufacturing system as in 
claim 24, Wherein said plasma cleaner in said de?ash section 
is used in said pre-mold cleaning section. 

27. A method of processing an encapsulated object com 
prising the steps of: 

encapsulating an object to form an individual package of 
the object, the individual package having conductive 
members Which are external to the individual package; 
and 

plasma cleaning the individual package to remove inter 
fering encapsulating material appearing on or betWeen 
the conductive members. 

28. A method as in claim 27, further comprising the step 
of heating the formed individual package to cure the encap 
sulation. 

29. A method as in claim 28, Wherein said step of plasma 
cleaning and said step of heating the formed individual 
package are performed at least in some part simultaneously. 

30. A method in claim 27, Wherein the object is an 
encapsulated semiconductor device, and said step of plasma 
cleaning includes removing ?ash from external leads of the 
semiconductor device. 

31. A method of removing encapsulation ?ash from a 
semiconductor package having leads external to the pack 
age, the method comprising the steps of: 

placing a semiconductor package in a chamber; 

introducing gas into the chamber; 

converting the gas into a reactive plasma; and 

reacting the plasma on a surface of at least one external 
lead of the semiconductor package so as to remove 
?ash therefrom. 

32. A method as in claim 31, Wherein the gas in said 
introducing step is composed of Argon and air. 
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33. A method of removing foreign material from external 
leads of a semiconductor package, the method comprising 
the steps of: 

transferring a plurality of semiconductor packages to a 
reaction chamber; 

introducing gas into the reaction chamber; 

causing dissociation in the gas in the reaction chamber; 
and, 

exposing foreign material on the leads of the semicon 
ductor packages to free radicals derived from the 
dissociation of the gas in the reaction chamber; 

34. A method as in claim 33, Wherein said step of heating 
the semiconductor packages commences prior to and 
extends during the performance of said step of exposing 
foreign material on the leads of the semiconductor packages; 
and Wherein said step of transferring a plurality of semicon 
ductor packages commences before said step of causing 
dissociation in the gas. 

35. A process for producing an encapsulated electronic 
device, the process comprising the steps of: 

fabricating at least one electronic device; 

encapsulating the at least one electronic device; 

plasma cleaning the at least one electronic device after 
said encapsulating step; and 

curing the encapsulation of said at least one electronic 
device. 

36. Aprocess as in claim 35, Wherein said step of plasma 
cleaning comprises the steps of: 

introducing a plasma gas into a chamber; 

reacting the plasma gas With a surface of the encapsulated 
electronic device; and 

removing by-products resulting from said step of reacting 
With the surface of the encapsulated electronic device. 

37. Aprocess of manufacturing a package for a semicon 
ductor integrated circuit (IC) device, the process comprising 
the steps of: 

attaching an IC die to a center pad of a lead frame using 
a bonding agent; 

plasma cleaning the IC die to remove any excess bonding 
agent appearing on the IC die; 

Wire bonding the IC die to inner leads of the lead frame; 

placing the IC die and the lead frame in a mold; 

injecting encasing material into the mold around the die 
and the lead frame to form an individual package 
completely encapsulating the IC die and the inner leads 
of the lead frame While leaving outer leads of the lead 
frame exposed; 

plasma cleaning the outer leads of the lead frame to 
remove any residue encasing material appearing on or 
betWeen the outer leads of the lead frame as a result of 
performing said step of injecting encasing material; and 

heating the formed individual package for ?nal curing to 
produce a package for the semiconductor IC. 
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38. Aprocess as in claim 37, Wherein said step of plasma 
cleaning the outer leads of the lead frame and said step of 
heating the formed individual package are performed simul 
taneously. 

39. A process as in claim 37, further comprising the step 
of plating the outer leads of the lead frame after said step of 
plasma cleaning and before said step of heating the formed 
individual package. 

40. Aprocess as in claim 37, Wherein said step of plasma 
cleaning the IC die and said step of plasma cleaning the 
outer leads of the lead frame are conducted using the same 
plasma cleaning device. 

41. A method of making a memory device, the method 
comprising the steps of: 

fabricating a plurality of memory integrated circuits as 
(IC) dies on a Wafer of silicon; 

separating a selected IC die from the plurality of IC dies 
on the Wafer; 

attaching the selected IC die to a center pad of a lead 
frame using a bonding agent; 

inspecting the IC die and lead frame to ensure the die is 
attached correctly; 

performing a ?rst cleaning step on both the IC die and the 
lead frame using a plasma cleaner to remove any excess 
bonding agent IC; 

Wire bonding the IC die to inner leads of the lead frame; 

placing the Wire bonded IC die and lead frame in an 
injection encasement mold; 

injecting plastic encasing material into the mold around 
the Wire bonded IC die and lead frame to form an 
individual package Which encapsulates the IC die and 
the inner leads of the lead frame While leaving outer 
leads of the lead frame exposed to the external envi 
ronment; 

performing a second cleaning step on the outer leads of 
the lead frame using the plasma cleaning chamber used 
in said ?rst cleaning step to remove any residue encas 
ing material appearing on and betWeen the outer leads 
of the lead frame; and 

simultaneously, With said second cleaning step, heating 
the formed individual package for ?nal curing using the 
plasma cleaning chamber used in both said ?rst clean 
ing step to produce a memory circuit housed in an 
encased package. 

42. A method of making a memory device, the method 
comprising the steps of: 

fabricating a plurality of memory integrated circuits in the 
form of a plurality of integrated circuit (IC) dies on a 
Wafer of silicon; 

selecting one memory IC die from the plurality of IC dies 
on the Wafer; 

after the selection, separating the selected one IC die from 
the plurality of IC dies on the Wafer; 

then, attaching the selected IC die to a center pad of a lead 
frame using a bonding agent of epoxy; 

next, performing a ?rst cleaning step on both the IC die 
and also the lead frame using a plasma cleaner chamber 
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to remove any excess bonding agent resulting from said 
step of attaching the selected IC die; 

next, Wire bonding the IC die to inner leads of the lead 
frame upon plasma cleaning the IC die and lead frame; 

then, placing the Wire bonded IC die and lead frame in an 
injection encasement mold; 

after said step of placing, injecting plastic encasing mate 
rial into the mold around the Wire bonded IC die and 
lead frame to form an individual package encapsulating 
the IC die and the inner leads of the lead frame While 
leaving outer leads of the lead frame exposed to the 
environment external to the encased IC die and inner 
leads of the lead frame; 
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after said injecting plastic step, performing a second 
cleaning step on the outer leads of the lead frame using 
the plasma cleaning chamber used in said ?rst cleaning 
step noW to remove any residue encasing material 
appearing on and betWeen the outer leads of the lead 
frame as a result of performing said step of injecting 
plastic encasing material; and 

simultaneously With said second cleaning step, heating 
the formed individual package for ?nal curing using the 
plasma cleaning chamber used in both said ?rst clean 
ing step and said second cleaning step to result in a 
memory device housed in a plastic package. 

* * * * * 


