
1                            TITLE OF THE INVENTION  PROCESS OF PACKAGING
SEMICONDUCTOR CHIP IN SYNTHETIC  RESIN PRODUCED FROM PRESSURIZED GRANULAR
SYNTHETIC  RESIN AND MOLDING DIE USED THEREIN                         FIELD
OF THE INVENTION    This invention relates to a semiconductor fabrication
technology and, more  particularly, to a process of packaging a
semiconductor chip in synthetic resin  and a molding die used therein.
DESCRIPTION OF THE RELATED ART     Conventionally, when an integrated
circuit is fabricated on small areas on  a semiconductor wafer, the
semiconductor wafer is separated into bare chips,  and the bare chip is
mounted on a lead frame. The lead frame is placed in a  cavity of a mold,
and synthetic resin is injected into the cavity so as to seal  the bare
chip on the lead frame in the synthetic resin.     If granular synthetic
resin is used for the packaging, the process traces the  sequence shown in
figures IA to lE. Firstly, the prior art molding apparatus  is described
hereinbelow.     The prior art molding apparatus largely comprises a
molding die 1 and an  injection unit 2. The molding die 1 is split into an
upper half 3 and a lower  half 4, and cavities 5 and 6 are formed in the
upper half 3 and the lower half 4,  respectively. A pot 7 is inserted into
the lower half 4, and is connected  through runners 8 to the cavity 6.
Ejector pins 9 are slidably inserted into   



2   holes formed in the lower half 4, and knock out plates 10 are attached
to the   ejector pins 9.      On the other hand, the injection unit 2 has
an injection cylinder 11 fixed to  an injection base plate 12 and a plunger
13 movable with respect to the cylin-  der 12. Namely, the plunger 13 has
one end portion slidably inserted into the  cylinder 11 and the other end
portion slidably inserted into the pot 7. Though  not shown in the
drawings, a hydro-pressurizing system is connected to the  cylinder 1l, and
supplies pressurized oil to the cylinder 11 so as to recipro-  cally move
the plunger 13. Knock out rods 14 are upright from the injection  base
plate 12, and the injection base plate 12 is movable toward the lower half
4.      The prior art packaging process starts with separation of the
molding die 1.   The lower half 4 is spaced from the upper half 3.
Semiconductor bare chips   SC are mounted on a lead frame LF, and the lead
frame LF is placed on the   lower half 4. Although the pressurized oil
maintains the plunger 13 at the up-   per limit, the injection cylinder 11
and the injection base plate 12 stay at a   lower limit or a loading
position, and the plunger 13 defines a space in the pot   7. Granular
synthetic resin SR is inserted into the pot 7 as shown in figure   1A, and
the loading work for the granular synthetic resin SR is indicated by
point a in figure 2.      Subsequently, the lower half 4 starts toward a
closed position at point b   (se figure 2), and is brought into contact
with the upper half 3 at point c (see  



3  figure 2). Thus, the molding die 1 is closed and the semiconductor bare
chips SC are accommodated in the cavities 5 is shown in figure 1B.     The
granular synthetic resin SR is heated in the pot 7, and is melted.
Thereafter, the cylinder 11 and the injection base plate 12 start toward an
in-  jecting position at point f (see figure 2), and the plunger 13 is also
lifted  without change the relative position. The cylinder 11 and the
injection base  plate 12 reach the injecting position at point g (see
figure 2), and the plunger  13 evacuates the molten resin from the pot 7
through runners 8 into the cavi-  ties 5/6. Thus, the molten resin is
injected from point f to point g, and fills  the cavities 5/6.     The
molding die 1 is cooled, and the molten resin is solidified until point h
(see figure 2), and the semiconductor bare chips SC are sealed in a
synthetic  resin package as shown in figure 1C.     Subsequently, the lower
half starts toward the open position at point d (see  figure 2), and
reaches the open position at point e (see figure 2). The injecti-  on
cylinder 11 and the plunger 13 starts from  injecting position around the
upper limit at point h (see figure 2). The injection cylinder 11 [err]
injec-  tion base plate 12 stop at an intermediate position at point i (see
figure 2).  However, the plunger 13 reaches the lower limit. As a result,
the plunger 13  is spaced from the synthetic resin package PKG at point j
as shown in figure  1D.     The injection base 12 starts toward the
injecting position together with the 



injection cylinder 11, and the knock out rods 14 are brought into contact
with                                                  4  the knock out
plates 10 on the way toward the injecting position. The plunger  13 is
lifted together with the injection cylinder l1, and the plunger 13 is
brought into contact with the synthetic resin package PKG also on the way
toward the injecting position as shown in figure 1E. The injection base
plate  12, the injection cylinder 11 and the plunger 13 are further moved
upwardly  by 1 -2 millimeters, and separate the synthetic resin package PKG
from the  lower half 4 at point k (see figure 2). Thus, the synthetic resin
package PKG  is separated from the lower half 4, and is taken out from the
molding die 1. If  the plunger 13 is maintained at the upper limit, the
plunger 13 is brought into  contact with the synthetic resin package PKG
earlier than the ejector pins 9,  and the plunger would break the synthetic
resin during the upward motion of  the injection base plate 12.      The
injection base plate 12 and the injection cylinder 11 are moved to the
loading position, and the plunger 13 is moved to the upper limit. Then, the
injection apparatus returns to the initial state at point m (see figure 2).
The granular synthetic resin SR is easily loaded into the pot 7 rather than
synthetic resin tablets, and the manufacturer exactly regulates the amount
of  synthetic resin to be required. However, the granular synthetic resin
SR car-  ries the air into the pot 7, and void is liable to take place in
the synthetic resin  package PKG due to the air. The defective products due
to the void is ten  



times larger than those produced from the synthetic resin tablets.
Japanese Patent Publication of Unexamined Application No. 4-164337
proposes to form the granular synthetic resin into synthetic resin tablets
be-                                                   5  fore the supply to
the molding die. In detail, granular synthesis  resin is sup-  plied to a
cylinder, and is heated and pressed in the cylinder. The molten  synthetic
resin is shaped into tablets, and the tablet is supplied into the pot of  a
molding die. While the granular synthetic resin is being heated and
pressed,  the air is eliminated from therefrom, and the molded synthetic
resin is pre-  vented from void.     However, the granular synthetic resin
is firstly changed to the synthetic  resin tablets, and the synthetic resin
tablets are used for the molding. Thus,  the prior art packaging process is
complicated. This is the first problem in-  herent in the prior art
packaging process.     Another problem of the prior art molding process
disclosed in the Japanese  Patent Publication of Unexamined Application is
the complicated molding  apparatus. The granular synthetic resin is firstly
changed to the synthetic  resin tablets, and, thereafter, the synthetic
resin tablets are used for the  molding. In order to change the granular
synthetic resin to the synthetic resin  tablets, the molding apparatus
requires the forming cylinder and the preheat-  ing unit for the change
from the granular synthetic resin to the synthetic resin  tablets.
Moreover, various kinds of semiconductor device requires the syn-  thetic
resin tablets different in size, and the synthetic resin tablets different
in 



size require different forming cylinders. Therefore, the forming cylinder
is  changed depending upon the semiconductor device to be molded, and the
ex-  changing work consumes a large amount of time and labor. Thus, the
second  problem is the requirement of the complicated molding apparatus.
6                         SUMMARY OF THE INVENTION    It is therefore an
important object of the present invention to provide a  process for
packaging a semiconductor chip in synthetic resin which is simple  without
a complicated molding apparatus.    To accomplish the object, the present
invention proposes to evacuate the  air from soft synthetic resin by
applying pressure thereto.    In accordance with one aspect of the present
invention, there is provided a  process for packaging a product in
synthetic resin, comprising the steps of: a)  accommodating a product and
granular synthetic resin in a molding die; b)  softening the granular
synthetic resin so as to produce soft synthetic resin; c)  applying
pressure to the soft synthetic resin so as to evacuate the air there-
from; and d) spreading the soft synthetic resin over an inside space of the
molding die so as to seal the product in a synthetic resin package.      In
accordance with another aspect of the present invention, there is  provided
a molding apparatus comprising a molding die formed with cavities  for
accommodating a product and runners connected to the cavities, a pot
connected to the runners and accommodating granular synthetic resin, a  



heating means associated with the pot for heating the granular synthetic
resin  so as to produce soft granular synthetic resin, a pressurizing means
associated  with the pot and applying pressure to the soft synthetic resin
so as to evacuate  the air therefrom, and an injecting means associated
with the pot and injecting  the soft synthetic resin through the runners
into the cavities after the evacua-  tion of the air.
7                      BRIEF DESCRIPTION OF THE DRAWINGS    The features
and advantages of the process and the molding die will be  more clearly
understood from the following description taken in conjunction  with the
accompanying drawings in which:    Figs. 1A to 1E are cross sectional views
showing the prior art packaging  process;     Fig. 2 is a timing chart
showing the prior art packaging process;     Fig. 3 is a cross sectional
view showing a molding apparatus according to  the present invention;
Figs. 4A to 4E are cross sectional views showing a process of packaging a
semiconductor chip in synthetic resin according to the present invention;
Fig. 5 is a timing chart showing the process for packaging a semiconductor
chip in synthetic resin;     Fig. 6 is a timing chart showing another
process for packaging a semicon-  ductor chip in synthetic resin according
to the present invention;     Fig. 7 is a timing chart showing yet anothe
process for packaging a semi- 



conductor chip in synthetic resin according to the present invention and
Figs. 8A and 8B are cross sectional views showing essential steps of still
another process for packaging a semiconductor chip in synthetic resin.
DESCRIPTION OF THE PREFERRED EMBODDIENTS  First Embodiment     Figure 3
illustrates a molding apparatus used in a packaging process em-  bodying
the present invention. The molding apparatus largely comprises a
molding die 21 and an injection mechanism 20.  The molding die 21 is split
into an upper half 23 and a lower half 24, and cavities 25 and 26 are
formed  in the upper half 23 and the lower half 24, respectively. A pot 27
is inserted  into the lower half 24, and is connected through runners 28 to
the cavity 26.  A heater HE is provided in the pot 27, and is connected to
an electric power  source PW.     Ejector pins 29 are slidably inserted
into holes formed in the lower half 4,  and are projectable into the cavity
26. Know out plates 30 are attached to the  ejector pins 29, a driving
mechanism 31 is attached to the lower half 24 for  moving the lower half 24
as indicated by arrow AR1. When the lower half 24  is spaced from the upper
half 23, the molding die 21 is in an open position.  On the other hand,
when the lower half 24 is held in contact with the upper  half 23, the
molding die 21 is in a closed position.     On the other hand, the
injection mechanism 22 has an injection cylinder 32  



fixed to a base plate 33, and a plunger 34 projects from the cylinder 32.
The  plunger 34 has one end portion slidably inserted into the cylinder 32
and the  other end portion slidably inserted into the pot 27. The cylinder
32 and the  plunger 34 define two pressure chambers, and a
hydro-pressurizing system 35  is connected to the two pressure chambers in
the cylinder 32. The hydro-  pressurizing system 35 includes a pump 36 and
a reservoir tank 37, and a  change-over valve 38 selectively connects the
pump 36 and the reservoir tank  37 to the two chambers through flexible
tubes 39/40. The pump 36 supplies  high-pressure oil to one of the pressure
chambers, and the high pressure oil
9  returns from the other pressure chamber to the reservoir tank 37. When
the  high pressure oil is supplied to the lower pressure chamber, the
plunger 34  projects from the cylinder 32, and is slidably moved in the pot
27. On the  other hand, when the change-over valve 39 supplies the
high-pressure oil to  the upper pressure chamber, the plunger 34 is
retracted into the cylinder 32.  Thus, the plunger 34 is moved with respect
to the cylinder 32, and is changed  between an upper limit and a lower
limit.     Knock out rods 41 are upright from the base plate 33, and are
aligned with  the knock out plates 30. A lifter 42 is connected to the base
plate 33, and  moves the base plate 33 and, accordingly, the cylinder 32 in
the direction in-  dicated by arrow AR2. Thus, the lifter 42 changes the
base plate 33 and the  cylinder 32 between a loading position and an
injecting position.     As will be understood from the foregoing
description, the molding appa- 



ratus has three movable components, i.e., the lower half 24, the plunger 34
and the base plate 33, and changes the relative positions of the movable
com-  ponents 24, 34 and 33 during a packaging operation as described
hereinlater.  The relative positions shown in figure 3A are referred to as
an initial position.  The heater HE, the electric power source PW, ejector
pins 29, the knock out  plates 30, the driving mechanism 31, the base plate
33, the knock out rods 41,  the hydro-pressurizing system 35 and the lifter
42 are deleted from figures 3B  to 3F for the sake of simplicity.
Figures 4A to 4E illustrates a process for packaging a semiconductor chip
in synthetic resin embodying the present invention, and figure 5
illustrates the                                                 10
relative positions between the three movable components, i.e. the lower
half  34, the base plate 33 and the plunger 34.     Firstly, the molding
apparatus keeps the three movable components 24,  33/32 and 34 in the
initial position shown in figure 3. The lower half 34 is  spaced from the
upper half 23, and the base plate/cylinder 33/3 2 and the  plunger 34 are
in the loading position and the lower limit, respectively.  Granular
synthetic resin 43 is loaded into the pot 27, and semiconductor bare  chips
44 mounted on a lead frame 45 is placed on the lower half 24 as shown  in
figure 4A.     The electric power source PW supplies electric current to
the heater HE at  time t1, and the heater HE starts to melt the granular
synthetic resin 43 in the  



pot 27. The driving mechanism 31 starts to move the lower half 24 toward
the upper half 23 at time t2, and the lower half 24 is brought into contact
with  the upper half 23 at time t3. Then, the molding die 21 enters into
the closed  position.     The heater HE heats the granular synthetic resin
43 until time t4, and mak-  es the granular synthetic resin 43 softened as
shown in figure 4B. In this in-  stance, time interval T between time t2
and t4 is equal to or less than 25 sec-  onds, and the granular synthetic
resin 46 becomes soft available for injection.  The lifter 42 and the
hydro-pressurizing system 35 start to upwardly move the  base
plate/cylinder 33/32 and the plunger 34 at time t4. The plunger 34 push-
es the soft synthetic resin 46 toward the upper half 23, and the soft
synthetic  resin 46 is pressed against the upper half 23 as shown in figure
4C. As a re-           sult, the air mixed into the granular synthetic
resin 43 is evacuated from the  soft synthetic resin 46.     The plunger 34
continuously applies pressure to the soft synthetic resin 46,  and pushes
out the soft synthetic resin 46 into the runner 28 as shown in fig-  ure
4D. The plunger 34 reaches the upper limit at time t5, and the soft syn-
thetic resin 46 is spread over the cavities 25/26 as shown in figure 4E.
Thus,  the semiconductor bare chips 44 mounted on the lead frame 45 are
sealed in a  synthetic resin package.      Subsequently, the driving
mechanism 31 starts to downwardly move the  lower half at time t6, and the
plunger is retracted into the cylinder 32. The 



lifter 42 starts to downwardly move the cylinder 34 and the base plate 33
at  time t6, and stops the cylinder 34 and the base plate 33 at an
intermediate  position at time t7. The plunger 34 is separated from the
synthetic resin  package. The lower half 34 reaches the lower limit at time
t8, and the mold-  ing die 21 enters into the open position.     The lifter
42 starts to upwardly move the base plate 33 and the cylinder 32  at time
t8, and the knock out rods 41 are brought into contact with the knock  out
plates 30 on the way toward the injecting position. The plunger 34 is lift-
ed together with the cylinder 32, and the plunger 34 is brought into
contact  with the synthetic resin package also on the way toward the
injecting position.  The base plate/cylinder 33/32 and the plunger 34 are
further moved upwardly  by 1 -2 millimeters, and separate the synthetic
resin package from the lower
12  half 24 at time t9. Thus, the synthetic resin package is separated from
the  lower half 24, and is taken out from the molding die 21 until time t
10.       The lifter 42 starts to downwardly move the base plate/cylinder
33/32 at  time tl0, and the molding apparatus returns to the initial
position at time t11.     As will be appreciated from the foregoing
description, the plunger 34  presses the soft synthetic resin 46 against
the upper half 23 so as to evacuate  the air therefrom. For this reason, a
void does not take place in the synthetic  resin package. The soft
synthetic resin 46 is directly produced from the  granular synthetic resin
43, and the process is simple. Moreover, the soft  



synthetic resin 46 is pressed in the molding die 21, and the molding
apparatus  is simple.  Second Embodiment     Figure 6 illustrates another
process for packaging a semiconductor bare  chip in synthetic resin
embodying the present invention. The molding appa-  ratus shown in figure 3
is used in the process implementing the second em-  bodiment. The second
embodiment is only different from the first embodi-  ment in the motion of
the plunger 34, and the lower half 34 and the base  plate/cylinder 33/32
behave as similar to those of the first embodiment. For  this reason,
description is focused on the plunger 34.     The granular synthetic resin
43 is also heated from time t2 to time t4, and  the time interval T is
equal to or less than 25 seconds. In this instance, when  the lower half 24
is brought into contact with the upper half 23, the hydro-  pressurizing
system 35 starts to upwardly move the plunger 34. If the pot 27
13  is small in diameter, only a small amount of granular synthetic resin
43 is  supplied to the pot 27, and the granular synthetic resin 43 is
immediately  softened. For this reason, the plunger 34 is moved at the
entry into the closed  position, and evacuates the air from the soft
synthetic resin 46 by applying  pressure thereto. When the pot 27 has the
diameter equal to or less than 15  millimeters, the second embodiment is
desirable.     The second embodiment achieves all the advantages of the
first embodi-  ment, and enhances the throughput. 



Third Embodiment     Figure 7 illustrates yet another process for packaging
a semiconductor  bare chip in synthetic resin embodying the present
invention. The molding  apparatus shown in figure 3 is used for the
packaging process implementing  the third embodiment. The relative
positions from time t7 to time t12 is  similar to the relative positions
from time t6 to time t11 of the first embodi-  ment, and description is
focused on the relative positions from time t1 to time  t6.      The heater
HE starts to heat the granular synthetic resin at time t1, and  the
granular synthetic resin 43 is softened. The driving mechanism 31 starts
to upwardly move the lower half 34 at time t2. The hydro-pressurizing sys-
tem 35 upwardly moves the plunger 34 at time t3, and applies pressure to
the  soft synthetic resin 46 so as to eliminate the air from the soft
synthetic resin  46. The lifter 42 starts to upwardly move the base plate/
cylinder 33/32 at ti-  me t3, and the base plate/ cylinder 33/32 reaches an
intermediate position on                                                 14
the way to the upper limit at time t4. The lower half 34 is brought into
con-  tact with the upper half 33 at time t4. When the base plate/ cylinder
33/32  reaches the intermediate position, the plunger 34 pushes out the
soft synthetic  resin 46 into the runners 28, and the soft synthetic resin
46 proceeds to the  boundary between the runners 28 and the cavities 25/26
as shown in figure 4D.     The heater HE stops heating at time t5, and the
time period T between time  



t1 and time t5 is 25 seconds. The lifter 42 starts to further upwardly move
the  base plate/ cylinder 33/32 at time t5, and reaches the upper limit at
time t6.  While the base plate/ cylinder 33/32 are being upwardly moved
together with  the plunger 34, the soft synthetic resin 46 flows into the
cavities 25/26, and  the semiconductor bare chaps 44 are sealed in the
synthetic resin 46.     The synthetic resin 46 is heated until time t5, and
the soft synthetic resin  46 is never solidified in the runners 28. For
this reason, the packaging proc-  ess is desirable for the molding die 21
with the longest runner 28 greater than  30 millimeters. The heater HE
starts to soften the granular synthetic resin 43  before the upward motion
of the lower half 34, and accelerates the molding  operation.  Fourth
Embodiment     Figures 8A and 8B illustrate essential steps of still
another process for  packaging a semiconductor bare chip in synthetic resin
embodying the present  invention. A molding apparatus used for the fourth
embodiment is different  from the molding apparatus shown in figure 3. A
through-hole 23a is formed  in the upper half 23, and is located over the
pot 27. A plunger 50 is slidably           inserted into the through-hole
23a as shown in figure 8A, and is projectable  into the pbt 27. The
cylinder 32 is not provided for the plunger 34, and the  soft synthetic
resin 46 is pressed by the plunger 32 instead of the plunger 34  as shown
in figure 8B. The plunger 50 applies pressure to the soft synthetic  resin
46 for 0.5 second, and returns to the initial position shown in figure 8A. 



The process implementing the fourth embodiment is similar to the first
embodiment except for the pressurization by using the plunger 50. The step
shown in figure 8A and the step shown in figure 8B are corresponding to the
step shown in figure 4B and the step shown in figure 4C. The other steps
are  similar to those of the first embodiment, and no further description
is incorpo-  rated hereinbelow for the sake of simplicity.     As will be
appreciated from the foregoing description, the soft synthetic  resin is
pressed before the injection, and the pressurization eliminates the air
mixed in the granular synthetic resin from the soft synthetic resin. For
this  reason, the soft synthetic resin is directly produced from the
granular syn-  thetic resin, and the process sequence and, accordingly, the
molding apparatus  are made simple.     Although particular embodiments of
the present invention have been  shown and described, it will be obvious to
those skilled in the art that various  changes and modifications may be
made without departing from the spirit and  scope of the present invention.
For example, the plunger 50 may be controlled as similar to the plunger 34
in the process implementing the second embodiment. Namely, when the lower
16  half 24 is brought into contact with the upper half 23, the plunger 50
is  downwardly moved so as to press the soft synthetic resin 46 for 0.5
second.  Then, the plunger 50 returns to the initial position, and,
thereafter, the plunger  



injects the soft synthetic resin 46 into the cavities 25/26.     Vacuum may
be created in the cavities 25/26 from the entry into the closed  position
to the completion of the injection. The vacuum enhances the injec-  tion
efficiency, and perfectly eliminates void from the synthetic resin package.
The packaging processes according to the present invention are available
for any kind of product to be sealed in a synthetic resin package.
17 CLAIMS   1.  A process for packaging a product in synthetic resin,
comprising the  steps of:    a) accommodating a product (44/45) and
granular synthetic resin (43) in a  molding die (21);    b) softening said
granular synthetic resin so as to produce soft synthetic  resin (46);    c)
evacuating the air from synthetic resin; and    d) spreading said soft
synthetic resin over an inside space (25/26/28) of  said molding die so as
to seal said product in a synthetic resin package,  characterized in that
pressure is applied to said soft synthetic resin in said step c) so as to
evacuate said air from said soft synthetic resin.  2. The process as set
forth in claim 1, in which said product is a semicon-  ductor bare chip
(44) mounted on a lead frame (45).  3. The process as set forth in claim 2,
in which heat is applied to said 



granular synthetic resin for 25 seconds or less so as to soften said
granular  synthetic resin (43).  4. The process as set forth in claim 2, in
which said step c) starts immedi-  ately after completion (time t4) of said
step b).  5. The process as set forth in claim 2, in which said step c)
starts before  completion (t4) of said step b).
18  6. The process as set forth in claim 5, in which said soft synthetic
resin is  supplied from a pot (27) to said inner space (25/26/28), and said
pot has a  diameter equal to or less than 15 millimeters.  7. The process
as set forth in claim 5, in which said step d) starts immedi-  ately after
completion (t4) of said step b).  8. The process as set forth in claim 5,
in which said step d) starts before  completion (t5) of said step b).  9.
The process as set forth in claim 8, in which said inner space has cavities
(25/26) for accommodating said product (44/45) and runners (28) guiding
said  soft synthetic resin to said cavities, and said step d) includes the
sub-steps of    d-1) introducing said soft synthetic resin (46) into said
runners (28) before  said completion (t5) of said step b),    d-2)
introducing said soft synthetic resin (46) into said cavities (25/26) after
said completion of said step b).  10.  The process as set forth in claim 9,
in which said runners have a length  



greater than 30 millimeters.  11. A molding apparatus comprising      a
molding die (21) formed with cavities (25/26) for accommodating a  product
(44/45) and runners (28) connected to said cavities,      a pot (27)
connected to said runners and accommodating granular syn-  thetic resin,
a heating means (HE/PW) associated with said pot for heating said  granular
synthetic resin so as to produce soft synthetic resin (46),
19      a pressurizing means (34/32/3 5) associated with said pot and
applying  pressure to said soft synthetic resin so as to evacuate the air
therefrom, and      an injecting means (34/33/42) associated with said pot
and injecting said  soft synthetic resin through said runners into said
cavities after the evacuation  of said air.  12. The molding apparatus as
set forth in claim 11, in which a plunger (34)  projectable into said pot
is shared between said pressuring means and said  injecting means.  13. The
molding apparatus as set forth in claim 11, in which said pressuriz-  ing
means has a first plunger (50) projectable into said plot in a first
direction,  and said injecting means has a second plunger (34) projectable
into said plot  in a second direction different from said first direction.


