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| MPROVED SURFACE-MOUNT H GH POAER SEM CONDUCTOR PACKAGE AND MET '
MANUFACTURE FI ELD OF THE I NVENTION 10 The present ihvention
relates to sem conductor device packages and | ead franmes therefor, and nore
specifically relates to a high power. sem conductor device adapted for
surface nmounting. 15 BACKGROUND COF THE | NVENTI ON Packages for high
power sem conductor devices which can be surface nounted on an insul at ed
nmetal substrate (I MS) or other flat support board surface are well known.

One such package is shown in 20 U S. Patent Application Serial No.
08/ 583,219, filed on January 4, 1996, entitled SURFACE- MOUNT SEM CONDUCTOR

PACKAGE whi ch is incorporated herein by reference. Such packages are very

wel | adapted for
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IMPROVED SURFACE-MOUNT HIGH POWER
SEMICONDUCTOR PACKAGE AND METHOD OF MANUFACTURE

FIELD OF THE INVENTION

10 The present invention relates to
semiconductor device packagés and lead frames
therefor, and more specifically relates to a high
power semiconductor device adapted for surface

mounting.

15 BACKGROUND OF THE INVENTION
Packages for high power semiconductor.

-devices which can be surface mounted on an insulated :
metal substrate (IMS) or other flat support board
surface are well known. One such package is shown in
20 U.S. Patent Application Serial No. 08/583,219, filed
on January 4, 1996, entitled SURFACE-MOUNT
SEMICONDUCTOR PACKAGE which is incorporated herein by
_refefence. Such packages are very well adapted for
surface mounting to the conductive patterns of flat
25 support boards such as an IMS structure (a thick
~copper or aluminum substrate covered by a thin
insulation film which has a thin patternable'cdpper or
other conductive solderable upper surface).
The present invention is an improvement of
30 the device of U.S. Patent Application Serial No.



surface mounting to the conductive patterns of flat 25 support boards
such as an I M5 structure (a thick copper or alum num substrate covered by a
thin insulation filmwhich has a thin patternabl e copper or other
conductive sol derabl e upper surface). The present invention is an

| mprovenent of 30 t he device of 03" Pat ent Application Serial .

-2- 08/583, 219, %8LFR3- ?il%oF‘ékéMlH—éﬁ?r%rmf%%e%‘as?ﬂs‘ RRRAf Géﬁah{bl e.

SUMVARY OF THE |hhVohFhehNukabaecordance with the invention, there is 5
provi ded a novel |ead frane which can receive one or nnre_seniconductor

di e, such as power MOSFET die, |GBT
SUMMARY OF THE INVENTION

In accordance with the invention, there is
5 . provided a novel lead frame which can receive one or
more semiconductor die, such as power MOSFET die, IGBT
die, fast recovery diode die, Schottky diode die, and
mixtures thereof, on a central, flat pad section. The
die are interconnected by the pad at their bottom
10 surfaces, and at their tops by appropriate wire bonds.
The lead frame has two power terminals, which may be
interconnected at two adjacent corners of a
rectangular package. The power terminals are
accessible for connection externally of a flat plastic
15 molded housing which encloses the top and sides of the
central lead frame pad. A plurality of control pins
or terminals, which initially are a part of the lead
frame but are isolated from the heat sink pad after
molding of the housing, extend from the side of the
20 housing.which is opposite the side containing the
power terminal. '

There are at least two closely spaced
control terminals or pins which can be wire bonded to
the gate and cathode or current sense terminals of the

25 die within the housing. A remote third terminal (from
the closely spaced first and second control terminals)
is also available for cohnection to some other
terminal, for example, the gate terminal of a
thyristor die if such a die is contained within the

30 housing. o

The lead frame is preferably a single gauge
conductive sheet. The terminals extending through the
borders of the molded housing can be partially
vertically offset to provide an improved plastic lock

35 to the lead frame. The bottom surfaces of the
terminals and the lead frame pad lie on a common
plane. The main heat sink pad can have parallel slots
therethrough on opposite sides of the die on the pad



die, fast recovery diode die, Schottky diode die, and m xtures thereof, on
a central, flat pad section. The die are interconnected by the pad at their
bottom 10 surfaces, and at their tops by appropriate wire bonds. The

| ead frame has two power termnals, which nay be interconnected at two

adj acent corners of a rectangul ar package The power termnals are
accessi bl e for connection externally of & fl at plastic 15 nmol ded
housi ng whi ch encloses the top and sides of the central |ead frame pad. A
plurality of control pins or termnals, which initially are a part of the
‘lead frame but are isolated fromthe heat sink pad after nolding of the

housi ng, extend I de. I ch i.s. opposite the
si de contai ni ng t{%?g%‘\?\g?ét%r%@%t]f&eélersetla%Z}i I eaw{}l ]t,q%ﬁel y spaced
control term naI@QﬁlI}ﬁIns e Elow adoved adilr @ﬂnmcm dan extend from an

interior edge of these slots toward one or both ends
of the pad to also provide improved plastic locking.

5 ' - The surface of the pad may have a waffled or
dimpled surface to improve soldering of the bottom die
surface electrodes to the pad. In accordance with a
feature of the invention, the bottom surface of the
pad which is to be surface mounted to a heat sink or

10 conductive pattern of an IMS board can also be waffled
to improve the ability to solder the pad to the heat
sink and to avoid the formation of solder voids.

The bottom of the insulation housing is also
provided with washing grooves which extend fully

15 across the width of the package, are parallel to the
sides containing input and output terminals and are
located between the terminals and the pad. These
grooves increase the surface tracking distance between
the terminals and the pad.and allow the washing out of

20 solder flux during the solder down process.

In accordance with a further feature of the
invention, short shallow_shelves extend'frdm the
bottom ends of the grooves and across the width of the
housing bottom to improve the flux washing functioﬁ. '

25 _ As previously described, the various
terminal pins are partly vértically sheared or offset )
to improve the plaétic lock. In accordance with a
further feature of the invention, the partially ‘
rounded edge of the offset region is provided with a

30 small square notch or stepped corner to give a sharp
edgé to preveht the bleeding of plasti¢ over the
bottom surfaces of the terminal during molding.

As a further feature of the invention, the
‘terminals are formed with elongated crushable beads at

35 their side surfaces adjacent the portions of the



the gate and cathode or current sense termnals of the 25 die within
the housing. A renote third termnal (fromthe closely spaced first and
second control termnals) is also available for connection to sonme ot her
termnal, for exanple, the gate termnal of a thyristor die if such a die
I's contained within the 30 housi ng. The lead frame is preferably a

si ngl e gauge conductive sheet. The terdi rals extending through the borders
of the nol ded housing can be partially vertically offset to provide an

I mproved plastic | ock 35 to the lead frane. The bottom surfaces of the
termnals and the lead frame pad lie on a common plane. The main heat sink

pad can have paralle| s|ots therethrou%p on opp05|te sides of the die on
t he pad - terminals just outside the plastic housing. These

beads are crushed inwardly by a molding tool when it
closes, to provide a seal which prevents the molding
plastic to bleed out and over the sides of the
5 terminals which extend beyond the housing and which
could interfere with the solder connections to the
terminals. ' '
As a still further feature of the invention,
an integrgl lead frame bar connects the power input
10 terminals at the two corners of the housing and
internally of the housing. Wire bonds from the die
within the housing are made to this single bar which
is contained within the housing. The bar improves the
wire bond connection and also acts as a plastic lock
15 to the housing.
Other features and advantages of the present
invention will become apparent from the following
description of the invention which refers to the

accompanying drawings.

20 BRIEF DESCRIPTION OF TfIE DRAWINGS

Figuré'l is a top view of the package of the
preferred embodiment of the invention. _

Figure 2 is a bottom view of the package of
the preferred embodiment of the invention.

25 - Figure 3 is a side view of the package of
the preferred embodiment of the invention.

Figure 4 is an end view of the main power
terminal end of the package of the preferred
embodiment of the invention.

30 Figure 5 is a cross-sectional view of an IMS
support board to which the package of Figures 1 to 4
can be mounted.

'Figure 6 is a top view of the lead frame

used in the package of Figures 1 to 4.



-3- to provide a further plastic lock to the nol ded housing. Shall ow
dovetail grooves can extend froman interior edge of these slots toward one
or both ends of the pad to also provide inproved plastic |ocking. 5

~The surface of the pad may have a waffled or dinpled surface to inprove
sol dering of the bottomdie surface el gctrodes to the pad. In accordance
with a feature of the invention, the bottomsurface of the pad which is to
be surface nounted to a heat sink or 10 conductive pattern of an IM
board can also be waffled to inprove the ability to solder the pad to the
heat sink and to avoid the formation of solder voids. The bottom of the

i nsul ation housing is al sq:-ﬂ_ﬂpyé ded Mg *sz‘%%his'&&tgb‘i’&\ie%iw o @-)ibg% fully
15 _ across t hse tvg.]éjetrp a(.)czrésse speacctlg'.ao e’li%ree 79-@7r ?.lnl ef-‘ligtu(.?cet f%e |

Figure 8 is a bottom view of the lead frame
of Figure 6.

5 Figure 9 is an enlargement of circled area
"A" in Figure 7. '

- Figure 10 is an enlarged detail of Circled
region "B" in Figure 3 showing the locking of a
control terminal into the plastic housing and the

10 novel washing groove structufe.

Figure 11 shows a portion of the flat single
gauge lead frame of the preferred embodiment of the
invention without terminal lead offset.

Figure 12 shows the lead frame of Figure 11

15 after offsetting of the terminal leads.

Figure 13 shows the formation of a stepped
corner at corner region "C" in Figure 12 to prevent
plastic bleeding over the bottom surface of the
terminal during molding.

20 Figure 14 is an enlargement of circled
region "D" in Figure 6 and shows a plastic lock groove
extending from the end of the plastic lock slot in the
.lead frame. _

- Figure 15 is a cross-section of Figure 14

25 taken across section line 15-15 in Figure 14.

Figure 16 is a top view of a severed lead
frame terminal and shows sacrificial vertical
crushable bumps or beads on the sides of the terminal
which seal the mold tool to prevent bleeding of the

30 plastic onto the exposed solderable surface of the
terminal.

Figure 17 is a side view of Figure 16.

Figure 18 shows the lead frame of Figure 6

 with semiconductor die soldered down to the pad and

35 bonding wire connecting the die to external terminals,



sides containing input and output termnals and are | ocated between the
termnals and the pad. These grooves increase the surface tracking distance
between the ternmnals and the pad and all ow the washi ng out of 20

sol der flux during the solder down process. In accordance with a further
feature of the invention, short shallow shelves extend fromthe bottom ends:
of the grooves and across the wi dth of 6t ke housing bottomto inprove the
flux washing function. 25 As previously described, the
various termnal pins are partly vertically sheared or offset to inprove
-the plastic lock. In accordance with a further feature of the invention,
‘the partially rounded edge of the offset region .is provided with a 30
smal | square noft (?S" o EgsE it Wi Fhendmrdk dganmey I event the
] Iegdl ng of pl-astdiemedrafter hniet io1aed ammfg tird @HBwIAl iEiring

nmol di ng.

formed.
Figure 19 shows a circuit diagram of Figure
5 18. | | |
| ' Figure 20 shows a cross-sectional view of
the package as shown in Figure 1 through 20-20 and

also including a U-shaped heat sink.

DETAILED DESCRIPTION OF THE DRAWINGS
10 Referring first to Figures 1 to 4, the
- exterior of the surface-mount package of the preferred
embodiment of the invention is shown, and consists of
a molded insulation plastic housing 30 which is an

elongated rectangle and incorporates the upper

15 surfaces and portions of the edges of a flat single
gauge lead frame which may be a conventional copper
alloy about 1.27 mm thick. In a preferred embodiment,
housing 30 is about 29 mm long, 14.2 mm wide, and 4.27
mm high. The lead frame is described in more detail

20 below with reference to Figures 6, 7 and 8. The lead
frame elements shown in Figures 1 to 4 are lead frame
heat sink pad 31, power terminals 32 and 33 on the .
corners of one edge of the rectangular housing 30 and
control terminals or pins 34, 35 and 36 along the

25 opposite side of hbusing. Terminals 32 to 36 extend
about 1 mm beyond the ends of the housing. Terminals
34 and 35 are preferably closely spaced, for example,
about 2.5 mm center to center while terminals 35 and
36 are preferably more widely spaced, for example,

30 about 6.0 mm center to center.

As shown in Figure 3, the bottom surfaces of
pad 31 and terminals 32 to 36 are co¥planar and are
capable of connection to the patterned surface of a
heat sink support such as an IMS board. Figure 5



As a further feature of the invention, the termnals are fornmed with

el ongat ed crushabl e beads at 35 their side surfaces adjacent the
portions of the -4- termnals just outside the plastic housing. These
beads are crushed inwardly by a nolding tool when it closes, to provide a
seal which prevents the nol ding plastig to bl eed out and over the sides-of
the 5 term nals which extend beyond the housing and whi ch coul d
interfere with the sol der connections to the termnals. As a still further
feature of the invention, an integral |ead frane bar connects the power

i nput 10 termnals at the two corners of the housing and

shows a cross-section of a typical IMS board which
consists of a thick thermally conductive (copper or
aluminum alloy) substrate 40 which is covered with a
very thin insulation polymer 41. A'patternéble thin
5 conductive solderable layer 42 is disposed atop

insulator 41. Any desired pattern can be formed in
layer 42 but, in Figure 5, the layer 42 is separated
into a portion 42a and a plurality of segments aligned
with terminals 32 to 36. Only segments 42b and 42c,

10 which align, for example, with terminals 32 and 34
respectiVely, are shown in Figure 5. It then becomes
convenient to solder down the bottom of the package of
Figures 1 to 4 to the IMS board of Figure 5, using
standard soldering techniques.

15 As shown in Figures 1 and 20, the pad 31
extends beyond the housing 30 when viewed from above
and from the side. Specifically, pad portions 3la and
31b extend laterally beyond the side surfaces of the

_ “housing 30. Such lateral extending pad portions 31a,

20 31b provide an enlarged heat sink contact area and
enables the coupling of the pad 31 to a, for example,
U-shaped heat sink 31lc for superior heat dissipation
of the overall package. Preferably, the U-shaped heat
sink 31c is soldered to the pad portions 31a, 31b.

25 To assist and'improve the solder-down

| operation, flux washing grooves 50 and 51 (Figures 2
and 3) are formed across the bottom of plastic housing
30 between and parallel to the opposite edges of pad
31 and the lines of terminals 32-33 and 34-36

30 respectively. Grooves 50 and 51 preferably have a
curved cross-section and a radius of about 0.4 mm.
These grooves are very useful to assist in washing
away solder flux after the solder down operation, and
further increase the tracking distance over the

35 plastic surface between pad 31 and terminals 32 to 36.



internally of the housing. Wre bonds frbn1the die within the housing are
made to this single bar which is contained within the housing. The bar

i nproves the wire bond connection and also acts as a plastic | ock 15

t he housing. O her features and advantages of the present
beconme apparent fromthe foll owi ng description of the inventi.on which -

“refers to the acconpanying draw ngs.- 30- BRI EF DESCRI PTI ON OF THE
DRAWNGS Figure 1 is a top view of the package of the preferred enbodi nent

of the invention.

end view of the nmain powdm order to improve the flux washing

10

15

20

25

30

function, it was found useful to provide shallow short
shelves, shown as shelves 60 and 61 in Figure 10.
Shelves 60 and 61 have a depth of about 0.1 mm, and

ensure that their respective washing grooves 50 and 51

are spaced and open above the substrate to which the
package is soldered.

The lead frame itself, before receiving die
or a housing, is shown in Figures 6, 7 and 8. The pad
31 and terminals 32 to 36 are integral parts of the
lead frame and are joined by segments which are cut
away after over-molding to isolate contacts 34 to 36
from contacts 32, 33 and from the pad 31 and from one
another. The lead frame also contains a heavy cross
bar 70 (Figures 6 to 8 and 18) which'connects power
terminals 32 and 33 together, and further acts as a

. plastic lock to help anchor the lead frame into
‘plastic housing-30. Bar 70 also serves as a bonding

surface for wire bonds, as will be described in
connection with Figures 18 and 19.

' Pad region 31 has two parallel thin slots 71
and 72 (Figures 6 to 8, 14 and 15) which £ill with
plastic during the molding operation, also creating a
plastic lock, to help lock pad 31 to housing 30.
Intentional short barbs 73 and 74 extend from the

" interior walls of slots 71 and 72, respectively, .

creating yet another plastic lock, to further anchor
the lead frame pad 31 to the plastic housing.
In order to still further assist as a

plastic lock, dovetail grooves 80 to 83 (Figures 6, 14

and 15) extend from the ends of slots 71 and 72 on the
top surface of pad 31 toward the ends thereof. These
fill with plastic during the molding operation to
further lock pad 31 to the housing.

i nvention will

Figure 4 is an

to

Figure 2 is a bottomvi.ew of the package of the preferred
enbodi nent of the invention. 25 Figure 3 is a side view of
the package of the preferred enbodi nent of the invention.



'terminal end of the package of the preferred. enbodi ment of the invention.

30 Figure 5 is a cross-sectional view of an | M5 support
board to which the package of Figures 1 to 4 can be nounted. Figure 6 is a
top view of the lead frame used in the package of Figures 1 to 4. - 5-

Figure 7 is a cross-sectional view of Figure 6 taken across section |line
7-7 in Figure 6. Figure 8 is a bottommvew of the lead frane of Figure 6. 5
Figure 9 is an enlargenent of circled area "A" in Figure 7. .

It will be noted that the top central
surface of pad 31 has a "waffled" surface 85. The top
surface of pad 31 may be nickel plated and has a
pattern of shallow (preferably about 0.05 mm) spaced

5 indentations, preferably dot-shaped indentations of
about 0.25 mm diameter on about 0.6 mm centers. It is
known that this waffle pattern improves the solder
down of die to the waffled surface. In accordance
with another aspect of the preferred embodiment of the

10 invention, the opposite side of the pad 31 is also
provided with a waffle pattern 86 (Figure 8). This
surface is ordinarily flat and smooth, but it has been
found that if the surface is slightly concave,
undesirable solder voids can be formed during the

i5 solder-down process. In accordance with the
invention, a waffle pattern on the bottom of the
concave lead frame surface improves its ability to be
soldered to a flat heat sink surface by increasing the
wetting and flow of solder therebetween.

20 -Figure 11 shows a cross-section of a portion
of the lead frame containing pad 31 and contact 36.
This frame is originally a perfectly flat frame with
flat planar top and bottom surfaces. It was found:

_ that, by slightly displacing the terminal sections of

25 the lead frame by a partlal stamping operatlon as
shown in Figure 12, the terminals are better locked
into the plastic housing 30. The actual displacement
used is about 0.5 mm for a 1.27 mm thick lead frame.
It was found that during the molding operation (after'

30 this off-setting process), plastic tended to bleed
past the slightly rounded edge at location "C" in
Figure 12, over the bottom surface of terminal 36 and
over the other off-set terminals 32 to 35. It was
found that the stamping of a square-nbtch 95 (Figure 9

35 and 13) at the corner "C" in each terminal prevented



Figure 10 is an enlarged detail of circled region "B" in Figure 3 show ng
the | ocking of a control termnal into the plastic housing and the 10
novel washi ng groove structure. Figure 11 shows a portion of the flat
singl e gauge | ead frame of the preferred enbodi nent of the invention

wi thout termnal |ead offset. Figure 12 shows the |ead franme of Figure 11
15 after offsetting of the terninatQleads. Figure 13 shows the
formati on of a stepped corner at corner region "C' in Figure 12 to prevent

pl astic bl eeding over the bottom surface of the term nal

during nol ding. 20

Figure 14 'is an enlargenent of circled region "D' in Figure 6 and shows a

plastic | ock or Qe QAN At R 39 fhdle P! AHd G2k o4 A 11 the

| ead frame.
preferably formed by shearing the material (as opposed
to bending) because such a method requires no
additional laterial space. '
5 Notch 95 is about 0.2 mm deep and 0.3 mm

long. ©Notch 95 is shown in Figures 6 and 7 for each

of the offset. terminals 32 to 36.

As a still further feature of the novel
package, each of the pins or terminals extending
1o " through the plastic housing 30 has one or more small
beads extending from the thickness of the terminal.
The thickness of the beads 100, 101 should vary in
accordance with the thickness of the lead frame. 1In
general, the beads 100, 101 will be from 0.05 to 0.5
15 mm thick. Thus, as shown in Figures 16 and 17, two
crushable beads 100 and 101, having radii, for |
example, of about 0.2 mm (for a lead frame of 1.2 mm),
serve to be crushed or partly flattened by a molding
tool to prevent the bleeding of plastic beyond the
20 boundary defined by the beads 100 and 101. The
crushable beads are shown in Figures 6 and 7 at all

necessary locations on the lead frame.

Figure 18 shows the lead frame pad 31 after
two semiconductor device die 110 and 111 have been

25 soldered down to pad 31, called a copack.

Die 110 and

'111_of the copack may.be of any type, but are shown in
Figure 18 and 19 as a power IGBT and a fast recovery

diode (FRED), respectively.

It is noted that in Figure 19 the collector
30 electrode of IGBT 110 is connected to the cathode of
FRED diode 111 because those electrodes are soldered

to and connected by conductive pad 31.

" Thus, the

conductive pad 31 provides a means for electrically

interconnecting the copack to an external circuit.
35 ~ The top emitter electrode of IGBT 110 is wire bonded,



Figure 15 is a cross-section of Figure 14 25 t aken across section line
15-15 in Figure 14. Figure 16 is a top view of a severed lead frane

term nal and shows sacrificial vertical crushable bunps or beads on the
.sides of the term nal which seal the nold tool to-prevent bleeding of the
30 plastic onto the exposed sol derable surface of the termnal. Figure
17 is a side view of Figure 16. FigUrélls shows the lead franme of Figure 6
wi th sem conductor die soldered dowmm to the pad and 35 bondi ng wire
connecting the die to external term nals, -6- and shows the manner in

which the lead frame is - _
as by wires 112 to the anode electrode of FRED diode

'111. Wire bonds 113 continue and are connected to
cross bar 70 and terminals 32, 33. . o _
Further, a wire bond 115 is made from the
5 gate pad of IGBT 110 to gate terminal 35 and an
emitter Kelvin connection 116 may also be provided at
terminal 34 as shown in Figure 18. -
The foregoing description of the preferred
embodiment of the invention has been presented for the
10 " purposes of illustration and description. It is not
intended to be exhaustive or to limit the invention to
the precise form disclosed. Many modifications and
variations are possible in light of the above
'teaching. It is intended that the scope of the
15 inﬁention be limited not by this detailed description,
but rather by the claims appended hereto.



'trinned after the nol ded housing (not shown) is forned. Figure 19 shows a
circuit diagramof Figure 5 18. Figure 20 shows a cross-sectional view
of the.package as shown in Figure 1 through 20-20 and al so including a
U-shaped heat sink. DETAI LED DESCRI PTI ON OF THE DRAW-NGS—16

package of the preferred enbodi nent ofl%he inventr 1

Referring first to Figures 1 to 4, the exterior of the surface
iﬁj&}onsr sts

of a nolded insulation plastic housing 30 which is

angl e

and. i ncorporates the upper 15 surfaces and portrons of the edges of a

flat single gauge |lead frame which nmay be a conventional

copper all oy about

1.27 mmthick. In a preferred enbodi nent, housing 30 is about 29 nm | ong,

14.2 mmwi de, a CLAIMED 15:

comprising: _
a semiconductor device;

1. A surface mount semiconductor package,

a metal pad on which the semiconductor

5 device is mounted; and

a housing formed of a flowable material
which bonds to the metal pad and encapsulates the
semiconductor device when cured, the housing including

at least one washing groove formed across the bottom

10 and extending between opposing sides thereof, the
washing groove having shelf portions disposed along at
least one edge thereof, the shelf portion having a

shallower depth than the washing groove.

2. The surface mount semiconductor package
of claim 1, wherein the package further comprises one
or more terminals co-planar with and spaced away from

 the metal pad, the washing groove paésing between the

5 metal pad and the terminals.

3. A surface mount semiconductor package,

compr131ng
a semlconductor dev1ce,

a metal pad on which the semiconductor

5 device is mounted;

a housing formed of a flowable material
which bonds to the metal pad and encapsulates the

semiconductor device when cured;
a cross bar; and

10 at least first and second termlnals, the
first and second terminals being co-planar with and
spaced away from the metal pad, the first and second
terminals being spaced apart from one another and

coupled together by the cross bar, the cross bar



mm hi gh. The lead frame is described in nore detail 20 below with
reference to Figures 6, 7 and 8. The lead franme el enents shown in Figures
1to 4 are |ead franme heat sink pad 31, power term on the

corners of one edge of the rectangul ar. housing 30 and contr wwnal s or
pins 34, 35 and 36 along the 25 -opposite side mﬁm mm} nal s 32
to 36 extend about 1 nm beyond the ends 13f -t he hou =34 and 35

are preferably closely spaced, for exanple, about 2.5 fm Center to center
while termnals 35 and 36 are preferably nore wi dely spaced, for exanple,
30 about 6.0 mmcenter to center. As shown in Figure 3, the bottom
surfaces of pad 31 and terminals 32 tq 36 are co-planar and are capabl e of
connectionl¥o t helpgkiBgnEheshetaderat. athrafisphkasdppscrnduErradngd s vs

board. Figure 5 and the housing together when the flowable material of

the housing cures.

4. The surface mount semiconductor package
" of claim 3, wherein the metal pad includes at least
one slot disposed along an edge thereof, the slot
accepting the flowable material of the housing and
locking the metal pad to the housing when the housing

cures.

5. The surface mount semiconductor package
of claim 4, wherein the slot includes a barb extending
from an interior wall of the slot, the barb engaging
the housing material and locking the metal pad to the

5 housing.

6. The surface mount seniiconductor package
of claim 3, wherein the metal pad includes a dove-tail
groove disposed along at least a portion of at least
one edge of the metal pad, the groove accepting the

5 -flowable material of the housing and locking the metal
pad to the housing when the housing cures.

7. A surface mount semiconductor device
package, comprising:
a semiconductor device;
a metal pad on which the semiconductor
5 device'is mounted; _

' - a housing formed of a flowable material
which bohds to the metal pad and encapsulates the
semiconductor device when it cures; and

at least one terminal being spaced away from
10 the metal pad and having one portion which is co-
planar with the metal pad and an offset portion, the



'.7- shows a cross-section of a typicai | M5 board mhich consists of a thick
-thermal |y conductive (copper -or alum num alloy) substrate 40 which is
covered with a very thin insulation polyner 41. thin 5

able :
conductive sol derable layer 42 is disposed atop | : desired .
pattern can be forned in |ayer 42 but, in Fi gur'eL@ ﬂﬂg n is .
separated into a portion 42a and a ptuwéaldty of I'gned with

termnals 32 to 36. Only segnents 42b and 42c, 10 whi ch align, for
exanple, with termnals 32 and 34 respectively, are shown in Figure 5. |t
t hen becones convenient to solder down the bottom of the package of Figures

1to4tothe IMS board of Figure 5, usiﬂg standard sol dering techni ques.
terminal including a notch disposed along a bottom :

edge of the co-planar portion for preventing the -
flowable material of the housing from bleeding onto a
15 bottom surface of the co-planar portion while the

housing cures.

8. A surface mount semiconductor device
packége, comprising:

a semiconductor device;

a metal pad on which the semiconductor

5 device is mounted;

a housing which bonds to the metal pad and
encapsulates the semiconductor device, the metal pad
including laterally extending portions which extend
beyond lateral edges of the housing for providing

10 increased heat dissipation of the package and for
providing a top surface on which a heat sink may be
- mounted to the package, the metal pad further
including a bottom surface adapted to be mounted on a

substrate.

9. The surface mount semiconductor device
package of claim 8, wherein the metal pad includes .

- first and second laterally extending portions, the'
first lateral extending portion extending beyond one
lateral edge of the housing, the second lateral

5 extending portion'extehding'beyond an opposite lateral
edge of the housing and the heat sink is coupled to
~the first and'second_lateral extending portions.

10. The surface mount semiconductor device
package of claim 9, wherein the heat sink is U-shaped.



15 As shown in Figures 1 and 20, the pad 31 extends beyond

t he housing 30 when viewed from above and fromthe side. Specifically, pad
portions 3la and 31b extend laterally beyond the side surfaces of the
housi ng 30. Such | ateral extending pad portions 3la, 20 31b provide an
enl arged heat sink contact area and enables the coupling of the pad 31 to
a, for exanple, U shaped heat sink 31c for superior heat dissipation of the
overal | package. Preferably, the U—sh&bed heat si nk 31c is soldered to the

pad portions 3la, 31b. 25 st _and_i nprove the
sol der - down operatlg i qu;MR§ MER S 569%§M@@N5 IGH Pey. Bres 2 and 3) are

formed across the | to the
opposite edges of pad 31 and the Ilnes of term nals 32-33 and 34-36 30

respectively. ZABSTRACTSOFAMHESDISCROSUREIY have a curved cross-section and
a radlus of about 0.4 MM oy face mount semiconductor package

includes washing grooves disposed on a bottom surface
of a plastic housing. The package also employs
locking elements for locking the plastic housing to'a
metal pad on which a semiconductor device is mounted,
where the locking elements include a cross bar between
terminals, slots disposed on the metal pad which
include barbs and dove-tail grooves disposed on the
metal pad. The metal pad includes a waffled surface
for improved coupling to a substrate. The package
includes terminals having offset portions for
providing spaces for the plastic housing material to
£fill for improved encapéuiation of the terminals. The
metal pad extends beyond the lateral edges of the
plastic housing for improved heat dissipation and for
providing a surface to couple to a heatsink.




"~ the 35

" These groovés are very useful to assist in washi ng away solder flux after
I ncrease the tracking distance over

t he sol der down operation, and further
plastic surface between pad 31 and ternminals 32 to 36. -8- In

order to inprove the flux washing function, it was found useful to provide
shal | ow short shel ves, shown as shelves 60 and 61 in Figure 10. Shelves 60
and 61 have a depth of about 0.1 mm amd 5 ensure that their respective
washi ng grooves 50 and 51 are spaced and open above the substrate to which

t he package is sold d. The lead frane itself, before receiving die or a
housi ng, is_shomn | M\Fi gures 6, 7 and 8. The pad
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10 31 and termnals 32 to 36 are integral parts of the |ead frame and
are joined by segnents which are cut away after over-nolding to isolate
contacts 34 to 36 fromcontacts 32, 33 and fromthe pad 31 and from one
anot her. The lead frane al so contains a heavy cross 15 bar 70 (Figures
6 to 8 and 18) which connects power termnals 32 and 33 together, and
further acts as a plastic lock to hel B/@8nchor the Ieadffrane into plastic
housi ng 30. Bar 70 also se é: as a bonding surfage fof wire bonds, as wl|
‘be described in 20 ion with Figures 18} 9. Pad region 31 has
two paraltel thin slots 7 and 72 (Figures 6 to ﬁ nd 15) which fil
with plastic during the | di ng operation, also atijng a plastic lock, to
hel p l ock pad 31 to housijng 30. 25 _ Intentionb
extend fromthe interio lls of slots 71 and.-7.

rt barbs 73 and 74
pectively, '
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creating yet another plastic lock, to further anchor the |lead frame pad 31
to the plastic housing. In order to still further assist as a 30

plastic |l ock, dovetail grooves 80 to 83 (Figures 6, 14 and 15) extend from
"~ the ends of slots 71 and 72 on the top surface of pad 31 toward the ends

-thereof. These fill with plastlc dur%ﬂgﬁthe nmol di ng operation to further
lock pad 31 to the hou5|ng be noted that the top central
surface of pad 31 has a "waffetd/ surface 85. The top surface of pad 31 may
be nickel plated and has a pat¥e shal | ow (preferably about 0.05 mm
spaced 5 - i ndentations, preferably dot-shaped indentations of
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about 0.25 nm di aneter on about 0.6 mmcenters. It is known that this
waf fl e pattern i nproves the sol der down of die to the waffled surface. In’
accordance with anot her aspect of the preferred enbodi nent of the 10
invention, the opposite side of the pad 31 is also provided with a waffle
pattern 86 (Figure 8). This surface‘b% ordinarily flat and snooth, but it
~has been found that if the surface is slightly concave, undesirable sol der
- voids can be forne R ' . . ance
with the invention{ a waffile patter?ré) t he bottom %fot he concave |ead
frame surface inproyes its ability soldgnpd a flat heat sfnk
surface by increasi t ing a

] t+faeb . g0 -
Figure 11 shows a crEssfSectiom of f por ,_f;tb | g2 frgzzfiigwt I ni ng
pad 31 and contact 3 his frjanme i ori e ‘| -y—aperflecity-fl at franme with
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flat planar top and bottom surfaces. It was found that, by slightly

di splacing the term nal sections of 25 the lead franme by a parti al
stanpi ng operation as shown in Figure 12, the termnals are better |ocked
into the plastic housing 30. The actual -di spl acement used is about 0.5 nm
for a 1.27 mmthick lead franme. It v$§§found'that during the nolding
operation (after 30 this off-setfing process), plastic tended to bl eed
past the slightly rounded edge at | oc ’ | j 12, over the -
bott om surf.ace of termnal 36 and ovér tHe ofher” off-set termnals 32-to
35. It was found that the stanping of a square notch 95.(Figu[g’8535

and 13) at the corner "C' in each term nal’ prevented ;;;Qf-
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t his undesired bl eeding of plastic. The notch 95 is preferably_forned by
shearing the material (as opposed to bendi ng) because such a method
requires no additional laterial space. 5 ~ This BRe@is Baenips

0.2 mmdeep and 0.3 mmlong. Notch 95 is shown in F|g I each
of the offset terminals 32 to 36. As a6,<8tlll further f wmw[m iﬂovel
package, each of the pins or term nal s“extending 10 | astic
housing 30 has one or nore small beads_extending fromthe thickness of the

termnal. The thickness of the ds 1QO0} shoul d vary in accordance
with the:thickness of the lead frame. Iinjgenergh the b 100, 101 wll
T S

be from0.05 to 0.5 15 mm t hi ck. hhs, s ~n ures 16 and 17,
two crushabl e beads 100 d 101, 'having 1djg'r‘,"‘f")r dxanpl e, of about 0.2 nm
(for a lead frang of 1.Z my, ,l 1 ’i\
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“

serve to be crushed or partly flattened by a nolding tool to prevent the

bl eedi ng of plastic beyond the 20 boundary defined by the beads 100 and
101. The crushabl e beads are shown in Figures 6 and 7 at all necessary

| ocations on the lead frane. Figure 18 shows the | ead frane pad 31 after
two sem conductor device die 110 and liéﬁhave been 25 sol dered down to
pad 31, called a copack. Die 110 and of the copack may be of any type,
but are shown in Figure 18 and 19 as power | GBT and a fast recovery di ode
(FRED), respectively. It is noted thaf in Figure 19 the collector 30

el ectrode of I GBT 110 is connected to t\he cat hode of FRED di ode. 111 because
t hose el ectrodes are soldered to and cgﬁgicted by conductive pad 31. Thus,

t he conductive pad 31 provides a neans f ectrically interconnecting the
copack to an externgl circuit. X -Q{ é}\\
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R S :
/f35".. The top emtter electrode of IGBT 110 is wire bonded, as by wires
112 to the anode el ectrode of FRED diode 111. Wre bonds 113 continue and
~are connected to cross bar 70 and terminals 32, 33.: Further, a wire bond
115 is made fromthe 5 gate pad of IGBT. 110 to gate term nal 35 and an
emtter Kelvin connection 116 may al so be provided at term nal 34 as shown
in Figure 18. The foregoing descriptior/8f the preferred enbodi nent of the

i nvention has been presented for the 10 pur poses of illustration and
“description. It is not intended to be exhaustive or to linmt the invention
to the precise formdisclosed. Many npef !Gatlons aq9,mﬁ3|at|ons are '

_pOSS|bIe in light of the aboy&
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teaching. It is-intended that the scope of the 15 i nvention be [Ppyted
not by this detail ed description, but rather by the clains appended hereto.
- 12 - WHAT IS CLAIMED I S: 1. A surface nount sem conductor package,

conprising: a sem conductor device; a netal pad on which the sem conduct or

5 device is nounted; and a housing forned of a flowable material which
bonds to the nmetal pad and’ encapsul s the sem conductor device when -
cured, the housing including at |east one washi ng groove forned across the
bott om ‘:l
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10 and extendi ng between opposing sides thereof, the washing groove
havi ng shel f portions disposed al ong -at | east one edge thereof, the shelf
portion having a shallower depth than the washing groove. 2. The surface
nmount sem conductor package of claim 1, wherein the package further
conprises one or nore termnals co-planar with and spaced away fromthe
netal pad, the washing groove passing ﬁetmeen the 5 met al pad and the
termnals. 3. A surface nount sem 6 duct or package, comeRising: a

sem conductor device; a netal pad on which the sem cond 5 devi ce
I s ‘mount ed; a housing forned a.flowabl e material whi nds to the
nmetal pad and encapsul at es thsaseniconductor devi ce whe ed;
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vt

a cross bar; and 10 at least first and second termnals, the
first and second term nals being co-planar wiwth and spaced away fromthe
netal pad, the first and second term nals being spaced apart from one

anot her and coupl ed together by the cross bar, the cross bar 15
| ocking the netal pad, the first and second term nals and the housing
toget her when the flowable material of the housing cures. 4. The surface

nount sem conductor package of claim338 wherein the nmetal pad includes at
| east one slot disposed along an edge thereof, the slot accepting the
flowabl e material of the housing and | ocking the netal pad to the housing

when t he housing
7
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cures. 5. The surface nount sem conductor package of claim4, wherein the
slot includes a barb extending froman interior wall of the slot, the barb
engagi ng the housing material and | ocking the netal pad to the 5

housi ng. 6. The surface nmount sem conductor package of claim 3, wherein
the netal pad includes a dove-tail groove disposed along at |east a portion
of at | east one edge of the netal pad, the groove accepting the 5

fl owabl e material of the housing and4fscking the netal pad to the housing
when the housing cures. 7. A surface nount sem conductor device package,
conprising: a sem conductor device; a netal pad on which the sem conduct or
5 device i s nount ed, .
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a housing forned of a flowable material which bonds to the netal pad and
encapsul ates the sem conductor device when it cures; and at |east one

term nal being spaced away from 10 the netal pad and havi ng one portion
which is co- planar with the netal pad and an offset portion, the - 14
- termnal including a notch disposed along a bottom edge of the co-pl anar
portion for preventing the flowable material of the housing from bl eedi ng
onto a 15 bottom surface of the Gymplanar portion while the housing
cures. 8. A surface nount sem conductor device package, conprising:
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a sem conductor device; a netal pad on which the sem conductor 5 devi ce
I s nounted; a housing which bonds to the netal pad and encapsul ates the

sem conductor device, the nmetal pad including |laterally extending portions
whi ch extend beyond | ateral edges of the housing for providing 10

I ncreased heat dissipation of the package and for providing a top surface
on which a heat sink may be nounted to the package, the netal pad further

i ncluding a bottom surface adapted toédye nounted on a substrate. 9. The
surface nount sem conductor devi ce package of claim 8, ein the netal
pad i ncludes first and second | 4 the f
| at eral extendi ng porti Qgg—extq
t he second | at er al
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5 extendi ng portion extendi ng beyond an opposite |ateral edge of the
housi ng and the heat sink is coupled to the first and second | ateral
extendi ng portions. 10. The surface mount seni conductor device package of

claim9, wherein the heat sink is U shaped.
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