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(57) ABSTRACT 

The mold for a thin package uses a gate Which has a high 
aspect ratio, eg about 30 degrees or greater throughout the 
length of the gate. Additionally, the depth of the gate goes to 
Zero at a point outside of the area of the ?nished package, but 
Within the dam bars, so that the leadframe space acts as a 
virtual gate. This reduces the need for trimming and loWers 
stress on the ?nished package. 
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VIRTUAL GATE DESIGN FOR THIN PACKAGES 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The present invention relates to the encapsulation 
of microelectronics chips. 

Background: General Encapsulation 

[0002] After the fabrication of semiconductor Wafers, 
there still remain the processes of protecting the sensitive 
Wafers from environmental hazards, as Well as providing 
connections to other devices. One of the most common 
solutions to these needs involves ?rst attaching individual 
dies to a leadframe, then enclosing the die and portions of 
the leads in a covering of plastic. 

[0003] FIG. 2 shoWs a typical leadframe cluster 21, in this 
case, for a 40-pin dual in-line plastic package. This lead 
frame cluster contains siX separate leadframes 23, although 
this number can be modi?ed, depending on the ?nal siZe of 
the package. Each leadframe 23 contains the contacts for one 
semiconductor circuit. In the middle of the leadframe 23, 
there is an area Where the die Will be attached—the die 
paddle 20. Individual leads 22 fan out from the die paddle, 
on tWo or four sides of the die paddle, depending on the type 
of package. Shorting bars 24 are located betWeen the leads 
for different packages and large shorting bars 25 connect 
together multiple ones of the frames. These shorting bars 
provide stability to the frameWork during assembly and 
packaging, but Will not be part of the ?nal packages. 
Additionally, dam bars 26 are located just outside What Will 
be the ?nal package siZe and are used to prevent eXcess 
seepage of molten plastic out of the package during encap 
sulation. In at least some applications, especially Where a 
large number of leads are closely packed, a small cutout on 
the inside edge of the dam bars, commonly called a gate 
WindoW 27, is used to provide an opening for the encapsu 
lant to be routed into the area surrounding the leads. 

[0004] After individual semiconductor dies are separated 
from the Wafer, they are attached to the die paddle 20 of a 
leadframe 28, using one of several available materials for 
that purpose. Thin Wires are then bonded to each of the 
contacts on the chip, With their other end being bonded to 
one of the leads 22 on the leadframe. In this manner, 
electrical connections to the chip Will be carried outside the 
?nished package. After bonding, the leadframes Will be 
encapsulated, With the most common method being by 
transfer molding in a cavity-chase mold. 

Background: Chase Cavity Molds 

[0005] FIG. 3 shoWs the overall layout of a chase cavity 
mold 31 Which Will be used to encapsulate the leadframe 
cluster shoWn in FIG. 2. The mold is of a durable metal 
construction, With interchangeable parts. A central pot 30 
holds the encapsulant material While it is being melted, 
While runners 32 route the melted plastic from the pot 30 
toWard the enclosed leadframes 23. The portion of the mold 
Which contains the leadframes and the runners in their 
immediate vicinity is an insertable piece Which can be 
changed to alloW for different packages to be encapsulated 
using the same chase mold. 

[0006] Dotted lines 21 shoW hoW one leadframe cluster 
sits in the mold, With individual cavities 34 surrounding the 
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individual leadframes in the shape of the desired package. 
Small gate runners off of the runners lead to gates 36, Which 
open into the individual cavities 34 to alloW the plastic to 
enter. Because of the hardeners used in the encapsulant, the 
gate, Where the How is rapidly constricted, Wears more 
heavily than other parts of the mold. For this reason, the 
gates are constructed on pins, having a circular or ovoid 
cross-section, Which can be inserted or removed from the 
mold When necessary. 

[0007] Sometimes the cavities are in tWo roWs on either 
side of the runners, as shoWn in FIG. 3A. In this case, a 
primary gate 36 leads the plastic into a ?rst cavity, While a 
secondary gate 38, having a different shape from the primary 
gates, routes the molten plastic from the ?rst cavity into a 
second package. 

[0008] The mold layouts of FIGS. 3 and 3A are consid 
ered unbalanced, because the runners to different cavities 
have different lengths. This contrasts With mold layouts in 
Which the runners to all cavities are the same, as shoWn in 
FIG. 9, considered a balanced mold. 

[0009] FIG. 10 shoWs a cross-section of a prior art mold, 
shoWing one cavity and its associated runner. The top half 
1010 of the mold contains the top half of the cavity 34, plus 
relief for the presence of the leadframe 23, While the bottom 
half 1020 of the mold contains the bottom half of the cavity 
34, plus the runner 32 and gate 36. The runner and gate Will 
become closed channels When the mold closes, With the 
additional side formed by the opposite half of the mold 
and/or the leadframe. This draWing also shoWs the presence 
of the chip 1030 to be encapsulated, its bonding Wires 1032, 
and the ejector plate 1040 and ejector pins 1042 Which Will 
be used to remove the encapsulated leadframes from the 
mold. 

[0010] After the encapsulant has been distributed and 
cooled, the mold halves are separated and the ejector pins 
are used to remove the encapsulated leadframe cluster from 
the mold. 

[0011] FIG. 7 shoWs a portion of the encapsulated lead 
frame cluster after it is removed from the mold. The section 
on the left shoWs hoW ?ash 710 can form on the leads during 
encapsulation as plastic leaks betWeen the tWo mold halves. 
A “dejunking” operation is used to remove this ?ash, using, 
e.g., mechanical abrasion, to give the results on the right. 
After dejunking, the individual components are punched out 
of the leadframe. The darn bars and shorting bars are 
removed using an automatic punch press and the leads are 
trimmed, then formed to the desired con?guration by bend 
ing them using a thin anvil. 

[0012] The ?nal package is shoWn in FIG. 6. Here again 
is seen the die 1030 attached to the die paddle 20, connected 
by bond Wires 1032 to the leads 22, and surrounded by 
encapsulant 62. 

Background: Gate Designs 

[0013] FIG. 5 shoWs a side vieW of a mold, shoWing the 
relationship of the primary gate pin 520 and the secondary 
gate pin 540 to the upper 1010 and loWer 1012 portions of 
the mold and to the runner 32. FIGS. 5A-C shoW three vieWs 
of a gate pin. As seen in FIG. 5A, the gate pin has a circular 
shape Which can be slid into the mold. This Will be con 
nected to a portion of the pin Which does not have a 
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symmetric shape, to allow it to be inserted in only one 
position. A groove 52 runs across the pin, forming a channel 
Which Will carry molten encapsulant into the package. An 
inlet portion 54 of the pin has a depth Which corresponds to 
the depth of the runner; an outlet portion 56 has a depth 
Which corresponds to the package. The depth of the groove 
52 varies from that of the inlet portion 54 to that of the outlet 
portion 56. FIG. 5B shoWs a side vieW of the pin as it Would 
be seen from the package. Outlet portion 56 can be seen, 
With portions of the channel Which are hidden shoWn as 
dotted lines. Finally, FIG. 5C shoWs the pin in cross-section 
along 2-2‘ of FIG. 5A. In this diagram, it is easier to see hoW 
the depth varies across the pin. 

[0014] FIGS. 8A-B diagrammatically shoW cross-sections 
of tWo prior art packages Within the mold, With only the gate 
pin inserts shoWn cross-hatched. Note that in FIG. 8A, the 
angle betWeen the gate and the leadframe is initially 30 
degrees or greater as it leaves the runner, although this angle 
decreases to about 12 degrees prior to the junction With the 
package. The gate of FIG. 8B has a smooth arc, so that the 
angle at Which it approaches the leadframe tapers off to a 
gentle slope near the edge of the package. Both these designs 
enable the smooth How of the compound into the package, 
avoiding pinhole voids near the gate. Note that in both of 
these examples, the gate runs all the Way to the edge of the 
package area, Where it Will open either directly into the 
package or into the gate WindoW in the leadframe. This 
means that a substantial thickness of eXcess plastic, i.e., the 
plastic Which cools inside the gate itself, Will need to be 
trimmed aWay at trim time. 

[0015] Examples of packages Which have been encapsu 
lated using prior art gates are shoWn in FIGS. 11A-B. In both 
of these photographs, encapsulation has been done, but the 
leadframes are still intact and the encapsulant Which Was 
present in the gate is still attached to the package. In the 
photos, you can also see the faint line in the plastic Which 
shoWs Where the gate pin Was located. In FIG. 11A, 21 
primary gate is seen leading from the runner, across the dam 
bar, and all the Way up to the package. The edge of the gate 
WindoW can just be seen near the edges of the gate/package 
junction. In FIG. 11B, 21 secondary gate runs over the dam 
bar betWeen tWo packages, betWeen their respective gate 
WindoWs. After this point, the remainder of the gates are 
removed, along With the eXcess portions of the frameWork. 

Background: Problems of Thin Packages 

[0016] One trend in packaging today is that the packages 
are getting thinner, With thinner layers of plastic overlying 
the chip. This leads to greater susceptibility to cracking and 
chipping of the package during necessary-processing steps. 
For example, at trim and form, a pinch cut is used to remove 
the plastic Which Was in the gate section of the mold at the 
time the mold Was cooled. This can cause stress on the 

overall package and lead to cracking. 

[0017] Virtual Gate Design for Thin Packages 

[0018] The design disclosed herein includes a gate insert 
Which, prior to or at the edge of the package, has a depth no 
deeper than the thickness of the leadframe. Here, Within the 
dam/shorting bars of the leadframe, the encapsulant ?oWs 
into the package using only the vertical space Which eXists 
betWeen the leads, thus the term “virtual gate”. Additionally, 
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the gate maintains an angle of approach to the leadframe 
Which is 30 degrees or greater. 

[0019] The disclosed innovations, in various embodi 
ments, provide one or more of at least the folloWing advan 
tages: 

[0020] 
[0021] 
[0022] eXtends mold tool life (i.e., gate Wears at a 

sloWer rate); 
[0023] 
[0024] 
BRIEF DESCRIPTION OF THE DRAWING 

[0025] The disclosed inventions Will be described With 
reference to the accompanying draWings, Which shoW 
important sample embodiments of the invention and Which 
are incorporated in the speci?cation hereof by reference, 
Wherein: 

[0026] FIGS. 1A-C diagrammatically shoW three innova 
tive gate inserts, each ending With a channel depth Which is 
no thicker than the space left for the leadframe. 

[0027] FIG. 2 shoWs a typical leadframe cluster for a dual 
in-line package. 

[0028] FIG. 3 shoWs schematically hoW a mold can be 
arranged and hoW the leadframe cluster of FIG. 2 ?ts into 
the mold. FIG. 3A shoWs an alternate mold arrangement in 
Which secondary gates are used. 

[0029] FIG. 4 shoWs a mold layout Which uses the dis 
closed gate. FIG. 4A shoWs a detail of the area shoWn at A 
and FIG. 4B shoWs a cross-section of the mold at the gates. 

[0030] FIG. 5 shoWs the location of the gate pin in relation 
to other parts of the mold. 

[0031] FIGS. 5A-C shoW three vieWs of a gate pin for a 
chase mold. 

reduces gate chip; 
improves yield; 

eliminates pinch cut at trim and form; 

reduces eXternal stress on package. 

[0032] FIG. 6 shoWs a cross-section of a ?nished encap 
sulated package. 

[0033] FIG. 7 shoWs the leadframe cluster after encapsu 
lation but before separation. 

[0034] FIGS. 8A-B-diagrammatically shoW cross sections 
of tWo prior art packages at the gate piece. 

[0035] FIG. 9 shoWs an eXample of a balanced mold. 

[0036] FIG. 10 shoWs a cross-section of a prior-art mold 
With leadframe in place, just prior to encapsulation. 

[0037] FIGS. 11A-B are photographs of the encapsulant 
impression of a primary and a secondary gate from a prior 
art method. 

[0038] FIG. 12 is a photograph of the encapsulant impres 
sion of a secondary gate using the presently disclosed 
inventive gate structure. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] The numerous innovative teachings of the present 
application Will be described With particular reference to the 
presently preferred embodiment (by Way of eXample, and 
not of limitation). 
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[0040] FIG. 4 is a diagram of a mold Which uses the 
innovative gate. This is an unbalanced type mold Which 
utilizes both primary and secondary gates. As shown, the 
primary 40 and secondary 42 gates are not in a direct line 
With each other, but are offset someWhat. FIG. 5 is a 
cross-sectional vieW of the mold cut through tWo of the 
packages. The insert 52 for the primary gates 40 is shoWn on 
the right side, and the insert 54 for the secondary gates 42 
is shoWn on the left side. This is for illustration only, as the 
tWo gates Would not generally appear in the same cross 
section due to their offset. 

[0041] FIG. 4A is a detail of area “a” from FIG. 4, 
shoWing hoW the gate opens into the gate WindoW 44. 

[0042] FIGS. lA-C diagrammatically shoW a cross-sec 
tion of three primary gate inserts Which use the inventive 
gate design disclosed herein, each ending With a channel 
depth Which is no thicker than the space left for the lead 
frame. Each of these is a cross-section as it Would appear at 
line x-x‘ of FIG. 4, and each Will be discussed. 

[0043] In all the embodiments beloW, once the framework 
is removed from the mold after encapsulation, the gate is 
only attached to the package by a ?lm of plastic no thicker 
than the ?ash of FIG. 7. This connection can be removed in 
the dejunking operation, rather than requiring a trim proce 
dure. 

Primary Gate: First Embodiment 

[0044] In one embodiment, shoWn in FIG. 1A, the gate 
near the runner has a curved “?oor”, With the same radius of 
curvature as in prior art FIG. 8B. In the innovative gate, 
hoWever, the angle betWeen the gate pin and the leadframe 
stops diminishing at 31.569 degrees and thereafter remains 
constant. Additionally, the depth of the gate, as measured 
betWeen the “?oor” of the channel and the plane of the 
leadframe, goes to Zero prior to the edge of the package, 
utiliZing the space betWeen the leads as a virtual gate. 

Primary Gate: Second Embodiment 

[0045] In an alternate embodiment, seen in FIG. 1B, the 
gate initially converges at an angle of 36 degrees to the 
leadframe, With a single change of angle approximately 
halfWay across the insert to 30 degrees. Again, the depth of 
this gate goes to Zero prior to the edge of the package. 

Primary Gate: Third Embodiment 

[0046] In a further alternate embodiment, in FIG. 1C, the 
depth of the gate converges at a constant 30 degree angle 
from the leadframe. In this version, the depth of the gate 
does not go to Zero until the point Where it intersects the 
package itself. 

Secondary Gate 

[0047] The presently preferred embodiment of the second 
ary gate is shoWn in FIG. 1D. This is seen taken at the line 
y-y‘ of FIG. 4. Adjacent to each of the packages it joins, the 
secondary gate has a depth of Zero, depending solely on the 
relief space betWeen adjacent leads to form a virtual gate. In 
order that the encapsulant can traverse the dam bars betWeen 
the tWo packages, the depth of the secondary gate diverges 
and then reconverges With the plane of the leadframe at an 
angle of approximately 45 degrees, With the open area thus 
formed extending inside each of the tWo leadframe Win 
doWs. 
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[0048] FIG. 12 is a photograph of the plastic impression 
made of the secondary gate after the mold has been sepa 
rated. A dam bar is seen, separating tWo different packages, 
With gate WindoWs formed as cutouts on either side of the 
dam bar. The dark area in the center of the photograph is the 
small secondary gate Which connects the tWo gate WindoWs. 
Note that this secondary gate does not directly abut the 
package, but only bridges the gap betWeen the tWo gate 
WindoWs. Rather, the encapsulant nearest the package is no 
thicker than the ?ash seen in FIG. 7, and can be removed in 
the dejunking operation. 

Evaluation Results 

[0049] FolloWing are test results of packages encapsulated 
using the innovative gate design. 

SMS# 8587666 
Dev. 8W244ADGGR 
L/F 385 
M/C 2141 
Qty 2952 
Compound KMC-288P 
Batch# 811022 
Mold Parameters: 
Preheat 8 sec. 

Injection speed 1.5 mm/sec 
Mold temperature 1740 C. 
Transfer time 9.3 seconds 

[0050] 

OFFSETZOFFCENTER MILS : 

X Y 

Minimum 0.007 0.007 
Maximum 0.130 0.158 
Average 0.058 0.071 
Standard deviation 0.046 0.053 

Wire De?ection: 
Minimum 2.23% 
Maximum 6.85% 
Average 4.62% 
Standard deviation 1.32 

[0051] O/S: 

[0052] Wire sWeep pattern is marginal. No major concern. 

[0053] According to a disclosed class of innovative 
embodiments, there is provided: An encapsulated chip, 
comprising: an integrated circuit chip; leads to Which said 
integrated circuit chip is bonded electrically; an encapsula 
tion material Which encloses said integrated circuit chip and 
a portion of said leads, said encapsulation material having no 
trim marks. 

[0054] According to another disclosed class of innovative 
embodiments, there is provided: A mold for chip encapsu 
lation, comprising: ?rst and second mold halves; said ?rst 
mold half having a ?rst cavity for forming approximately 
one half of an encapsulated package and for containing a 
leadframe; said second mold half having a second cavity for 
forming approximately one half of an encapsulated package; 
a runner cavity for directing molten encapsulant toWard said 
?rst and second cavities; a gate pin having a gate cavity for 
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directing molten encapsulant between said runner cavity and 
said ?rst and second cavities, Wherein said gate cavity has a 
depth Which goes to Zero at or before said ?rst and second 
cavities. 

[0055] According to another disclosed class of innovative 
embodiments, there is provided: A gate pin for a mold for 
chip encapsulation, said gate pin comprising a channel for 
directing molten encapsulant betWeen a runner and a pack 
age cavity, Wherein said channel has a depth Which goes to 
Zero at or before an intersection With said package cavity. 

[0056] According to another disclosed class of innovative 
embodiments, there is provided: A method of encapsulating 
an integrated circuit chip, comprising the steps of: placing a 
leadframe containing an integrated circuit chip Within a 
mold; routing molten encapsulation material into said mold 
through a gate Whose depth goes to Zero outside of the space 
occupied by the ?nished package. 

[0057] According to another disclosed class of innovative 
embodiments, there is provided: A method of encapsulating 
an integrated circuit chip, comprising the steps of: placing a 
leadframe containing an integrated circuit chip Within a 
mold; routing molten encapsulation-material into said mold 
through a gate Whose angle of convergence With said lead 
frame is greater than about 30 degrees. 

[0058] The folloWing background publication provides 
additional detail regarding possible implementations of the 
disclosed embodiments, and of modi?cations and variations 
thereof, and the predictable results of such modi?cations: 
Encapsulation, by the staff of Texas Engineering Extension 
Service (TEEX), Which is hereby incorporated by reference. 

Modi?cations and Variations 

[0059] As Will be recogniZed by those skilled in the art, the 
innovative concepts described in the present application can 
be modi?ed and varied over a tremendous range of appli 
cations, and accordingly the scope of patented subject matter 
is not limited by any of the speci?c exemplary teachings 
given. 
[0060] None of the description in the present application 
should be read as implying that any particular element, step, 
or function is an essential element Which must be included 
in the claim scope: THE SCOPE OF PATENTED SUBJECT 
MATTER IS DEFINED ONLY BY THE ALLOWED 
CLAIMS. Moreover, none of these claims are intended to 
invoke paragraph six of 35 USC section 112 unless the exact 
Words “means for” are folloWed by a participle. 

What is claimed is: 
1. An encapsulated chip, comprising: 

an integrated circuit chip; 

leads to Which said integrated circuit chip is bonded 
electrically; 

an encapsulation material Which encloses said integrated 
circuit chip and a portion of said leads, said encapsu 
lation material having no trim marks. 
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2. The encapsulated chip of claim 1, Wherein said encap 
sulation material contains hardeners. 

3. A mold for chip encapsulation, comprising: 

?rst and second mold halves; 

said ?rst mold half having 

a ?rst cavity for forming approximately one half of an 
encapsulated package and for containing a lead 
frame; 

said second mold half having 

a second cavity for forming approximately one half of 
an encapsulated package; 

a runner cavity for directing molten encapsulant toWard 
said ?rst and second cavities; 

a gate pin having a gate cavity for directing molten 
encapsulant betWeen said runner cavity and said ?rst 
and second cavities, 

Wherein said gate cavity has a depth Which goes to Zero 
at or before said ?rst and second cavities. 

4. The mold of claim 3, Wherein said mold is a chase 
mold. 

5. A gate pin for a mold for chip encapsulation, said gate 
pin comprising a channel for directing molten encapsulant 
betWeen a runner and a package cavity, Wherein said channel 
has a depth Which goes to Zero at or before an intersection 
With said package cavity. 

6. A method of encapsulating an integrated circuit chip, 
comprising the steps of: 

placing a leadframe containing an integrated circuit chip 
Within a mold; 

routing molten encapsulation material into said mold 
through a gate Whose depth goes to Zero outside of the 
space occupied by the ?nished package. 

7. The method of claim 6, further comprising the steps of: 

cooling said mold; 

removing said leadframe from said mold; 

removing encapsulant Which cooled in said gate in a 
dejunking step. 

8. A method of encapsulating an integrated circuit chip, 
comprising the steps of: 

placing a leadframe containing an integrated circuit chip 
Within a mold; 

routing molten encapsulation material into said mold 
through a gate Whose angle of convergence With said 
leadframe is greater than about 30 degrees. 

* * * * * 


