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Apackage for an integrated circuit device having an optical 
(76) Inventor: Thomas P. Glenn, Gilbert, AZ (US) cell is disclosed. A method of making the package also is 

disclosed. The package includes a base of molded encapsu 
Correspondence Address: lant material. A metal leadframe is embedded in the plastic 
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25 METRO DRIVE base at the upper surface of the base. Encapsulant material 
SUITE 700 covers the loWer and side surfaces of the die pad and the 

SAN J OSE, CA 95110 (US) leads of the leadframe, but does not cover the upper surfaces 
of the die pad and leads. The side surfaces of the die pad and 

(21) Appl' NO‘: 09/839,861 leads have locking features for engaging the encapsulant 

(22) Filed: Apr‘ 20’ 2001 material. An optical integrated circuit device is attached to 
the exposed surface of the die pad. An adhesive bead is 

Related US, Application Data applied around the optical device on the exposed upper 
surface of the leads. An optically clear cover is placed on 

(62) Division of application NO~ 09/324,710> ?led on Jun- and, in some embodiments, pressed into the still-viscous 
3’ 1999' adhesive bead. When hardened, the bead supports the cover 

Publication Classi?cation above the optical device. The side surfaces of the optically 
clear cover, or the surface of the cover facing the optical 

(51) Int. Cl.7 ........................ .. H01L 21/00; H01L 21/44; device> are Provided With locking features that engage the 
H01L 21/48; H01L 21/50 adhesive bead and strengthen the connection betWeen the 
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Provide a thin metal leadirame having a die pad and radiating leads, where the \ 
side surfaces of the die pad and leads have encapsulant locking features 1 

l 
Place the leadframe in a two-pocket mold and provide molding compound to the 
lower pocket so that a molded package base is formed, wherein the encapsulant 
material of the base covers the lower and side surfaces of the die pad and leads, x 2 
and remove any excess molding compound from the top surface of the die pads 

and leads 

li 
Place an optical integrated circuit device on the exposed upper surface of the 

embedded die pad 

Electrically connect each bonding pad on the optical device to an exposed upper 
surface of an embedded lead 

4 
Apply a bead of viscous adhesive material onto the molded base around the 

optical device so that the bead covers all or part of the exposed surfaces of the \. 5 
embedded leads 

t 
Provide a transparent package cover ]\ 6 

Place the transparent package cover squarely on the adhesive bead and press 
the package cover into the bead \'7 

t 
I Harden the adhesive bead ]\_ 8 

l 
L Remove the dam bar and any molding compound that escaped the mold |\. 9 

t 
I Trim and form the leads |\.1O 
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Provide a thin metal leadframe having a die pad and radiating leads, where the 
side surfaces of the die pad and leads have encapsulant locking features 

l 
Place the leadframe in a two-pocket mold and provide molding compound to the 
lower pocket so that a molded package base is formed, wherein the encapsulant 
material of the base covers the lower and side surfaces of the die pad and leads, \_ 2 
and remove any excess molding compound from the top surface of the die pads 

andleads 

i 

Place an optical integrated circuit device on the exposed upper surface of the \3 
embedded die pad 

+ 

Electrically connect each bonding pad on the optical device to an exposed upper 
surface of an embedded lead 

l 
Apply a bead of viscous adhesive material onto the molded base around the 

optical device so that the bead covers all or part of the exposed surfaces of the x 5 
embedded leads 

i 
Provide a transparent package cover \. 6 

l 
Place the transparent package cover squarely on the adhesive bead and press 

the package cover into the bead \' 7 

l 
Harden the adhesive bead \_ 8 

l 
Remove the dam bar and any molding compound that escaped the mold \. g 

i 
Trim and form the leads \10 

Fig. 4 
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Fig. 11 
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Fig. 12 
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METHOD OF MAKING A PLASTIC PAKAGE FOR 
AN OPTICAL INTEGRATED CIRCUIT DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention is directed towards an 
improved plastic package for an integrated circuit device, 
and a method of making such a package. 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuit device are conventionally 
enclosed in plastic packages that provide protection from 
hostile environments and enable electrical interconnection 
betWeen the integrated circuit device and printed circuit 
boards. FIG. 1 is a cross sectional vieW of an inexpensive, 
conventional molded plastic package 1 knoWn as a plastic 
dual in line package (“p-dip”). The elements of package 10 
include an integrated circuit device 12, adhesive material 
(not shoWn) to attach integrated circuit device 12 to die pad 
17, bond Wires 13 that electrically connect bonding pads 14 
on integrated circuit device 12 to individual leads 15 of the 
leadframe, and an adhesive plastic encapsulant material 
Which covers the other components and forms package body 
16. 

[0003] In FIG. 1, molding compound (a.k.a., encapsulant 
material) is molded above and beloW device 12, leads 15 and 
die pad 17 to form package body 16. The peripheral sides 17 
of package body 16 are sloped to facilitate release from the 
mold used to make the package. Leads 15 eXtend from 
package body 16. There are a variety of Well-knoWn alter 
native styles for the ?nishing the leads of such a package, 
including PLCC and gull Wing styles. 

[0004] Further background information concerning con 
ventional plastic integrated circuit packages and leadframes 
is contained in chapter 8 of the book Microelectronics 
Packaging Handbook (1989), Which Was edited by R. Tum 
mala and E. RymasZeWski, and is published by Van Nos 
trand Reinhold, 115 Fifth Avenue, NeW York, NY. 

[0005] The operation of certain types of optical integrated 
circuit devices, such as erasable programmable read-only 
memory devices (“EPROM”), charge coupled devices 
(“CCD”), and camera-type devices require that light be 
applied to a light-sensitive cell on a surface of the device. 
For such devices, standard p-dip packages cannot be used. 
FIG. 2 is an eXample of a conventional molded package 20 
for an optical integrated circuit device 23. 

[0006] Package 20 includes some of the same features as 
package 10 of FIG. 1, so the same reference numbers Will 
be used in FIG. 2. Package 20 of FIG. 2 includes leads 15 
and die pad 17, upon Which optical integrated circuit device 
23 rests. Bond Wires 13 eXtend betWeen individual bonding 
pads 14 on optical device 23 and an individual lead 15. 
Encapsulant material is molded above and beloW the lead 
frame to form package body 16. 

[0007] BeloW leads 15, package 20 of FIG. 2 is the same 
as package 10 of FIG. 1. Above leads 15, hoWever, package 
20 is modi?ed to accommodate optical integrated circuit 
device 23. In particular, a portion of molded package body 
16, namely, support structure 21, is formed on and above 
portions of leads 15. Support structure 21, Which is integral 
With package body 25 and formed of the same material, 
surrounds optical device 23 and supports an optically clear 
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plastic or glass cover 27 above optical device 23. Cover 19 
transmits light to a light sensitive cell 24 on optical device 
23. 

[0008] Package 20 of FIG. 2 has tWo signi?cant draW 
backs. First, it is difficult to make. Second, it is eXpensive. 
Accordingly, there is a need for an inexpensive, easy-to 
make package for optical integrated circuit devices. 

SUMMARY OF THE INVENTION 

[0009] The present invention includes improved packages 
for optical integrated circuit devices, and methods of making 
such packages. In one embodiment, a package Within the 
present invention includes an optical integrated circuit 
device on a die pad. Metal bonding pads on the optical 
device are connected by bond Wires to leads. The loWer half 
of the package, Which supports the die pad and leads, is 
molded insulative adhesive encapsulant material. The loWer 
and side surfaces of the die pad and leads are covered With 
encapsulant material, so that the die pad and leads are in an 
embedded connection With the molded package base. The 
upper surfaces of the die pad and leads are not covered by 
the encapsulant material. The side surfaces of the die pad 
and leads have reentrant portions and asperities that lock the 
die pad and leads to the molded base. An initially viscous 
and subsequently hardened insulative adhesive bead sur 
rounds the optical integrated circuit device. The bead 
eXtends above the upper surface of the optical device and the 
bond Wires. An optically clear cover, Which may be formed 
of borosilicate glass or optically clear plastic, is adhesively 
connected to and supported above the device by the bead. 
For eXample, the bead is in a press-?tted interconnection 
With the bead. The cover transmits light to a light-sensitive 
cell on the upper surface of the optical device. The optically 
clear cover includes locking features Which enhance the 
connection of the cover to the adhesive bead and thus to the 
package. 
[0010] A method Within the present invention for making 
such a package includes a ?rst step of providing a leadframe 
including a die pad and radiating leads. The leadframe is 
conventional, eXcept that the normally orthogonal side sur 
faces of the die pad and leads have been modi?ed to include 
reentrant portion and asperities that lock the leadframe to the 
plastic encapsulating material. 

[0011] Step 2 places the leadframe in a conventional 
tWo-pocket mold. The upper pocket of the mold is blanked 
out by a bar so that encapsulant material does not enter the 
pocket. Insulative encapsulant material is provided to the 
loWer pocket of the mold. Upon hardening, the encapsulant 
material forms the loWer half of the package. The loWer and 
side surfaces of the die pad and leads of the leadframe are 
covered by molded encapsulant material. The upper surfaces 
of the die pad and leads are eXposed. The reentrant portions 
and asperities of the side surfaces of the die pad and leads 
engage the encapsulate material, and prevent the die pad and 
leads from being pulled from the molded package base. 

[0012] Step 3 places and attaches an optical integrated 
circuit device on the eXposed upper surface of the die pad. 
Step 4 electrically connects individual metal bonding pads 
on the optical device to individual leads of the leadframe. 
Step 5 applies a bead of a viscous adhesive material, such as 
epoXy, around the optical integrated circuit device. The bead 
covers and adheres to a portion of the eXposed upper surface 
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of each of the radiating leads. The location of the bead may 
vary. For example, the bead may be a distance from the 
optical integrated circuit device, or alternatively may contact 
the upper surface of the die pad and the side surfaces of the 
optical device. In another alternative embodiments, the bead 
covers the die pad, the side surfaces of the optical device, 
and a peripheral portion of the upper surface of the optical 
device. 

[0013] Step 6 provides an optically clear planar cover. The 
side surfaces of the cover include locking features, such as 
an indentation or protrusion, that enhance the connection of 
the cover to the bead. Alternately, the surface of the optically 
clear cover that faces the bead includes locking features, 
such as a groove, located Where the bead meets the cover to 
enhance the connection betWeen the cover and the bead. 

[0014] Step 7 squarely places the cover on the still-viscous 
bead so that the cover is centered over the integrated circuit 
device, and presses the cover into the bead. The bead 
material supports the cover above the bond Wires and optical 
device. Step 8 hardens the bead. Step 9 is a debar and dejunk 
step, Wherein the dam bar and ?ash are removed. Step 10 
trims and forms the leads. This step removes the tie bar. The 
leads may be plated before Step 9, or pre-plated leads may 
be used. The leads may be formed into a variety of conven 
tional styles, such as gull Wing, through hole, or PLCC 
styles. 
[0015] The packages and methods of the present invention 
have signi?cant cost advantages over the prior art. These and 
other advantages Will become clear through the folloWing 
detailed discussion. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a cross-sectional side vieW of a conven 
tional molded p-dip package. 

[0017] FIG. 2 is a cross-sectional side vieW of a conven 
tional molded p-dip package for an optical integrated circuit 
device. 

[0018] FIG. 3 is a cross-sectional side vieW of a package 
for an optical integrated circuit device. 

[0019] FIG. 4 is a How chart of a method of making a 
package for an optical integrated circuit device. 

[0020] 
[0021] FIG. 6 is a cross-sectional vieW of a die pad and 
lead of the leadframe of FIG. 5 shoWing encapsulant locking 
features. 

FIG. 5 is a plan vieW of a leadframe. 

[0022] FIG. 7 is a cross-sectional vieW of a second 
embodiment of the die pad and leads of the leadframe of 
FIG. 5. 

[0023] FIG. 8 is a cross-sectional vieW of third embodi 
ment of the die pad and leads of the leadframe of FIG. 5. 

[0024] FIG. 9 is a cross-sectional vieW of fourth embodi 
ment of the die pad and leads of the leadframe of FIG. 5. 

[0025] FIG. 10 is a cross-sectional side vieW of an incom 
plete package after encapsulant material is molded beneath 
and on the side surfaces of the leadframe. 

[0026] FIG. 11 is a cross-sectional side vieW of an incom 
plete package after an adhesive bead is applied around the 
optical integrated circuit device. 
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[0027] FIG. 12 is a cross-sectional side vieW of an alter 
native package Where the adhesive bead covers eXposed 
portions of the die pad and the side surfaces of the optical 
integrated circuit device. 

[0028] FIG. 12A is a cross-sectional side vieW of an 
alternative package Where the adhesive bead covers eXposed 
portions of the die pad, and the side surfaces and a peripheral 
portion of the upper surface of the optical integrated circuit 
device. 

[0029] FIG. 13 is a cross-sectional side vieW of a ?rst 
alternative optically clear cover for the package of FIG. 3 
Wherein the side surfaces of the cover include an arced 
surface. 

[0030] FIG. 14 is a cross-sectional side vieW of a second 
alternative optically clear cover for the package of FIG. 3 
Wherein the side surfaces of the cover have a diagonal 
orientation relative to a planar ?rst surface of the aperture 
cover. 

[0031] FIG. 15 is a cross-sectional side vieW of a third 
alternative optically clear cover for the package of FIG. 3 
Wherein the side surfaces of the cover have a diagonal 
portion and an orthogonal portion. 

[0032] FIG. 16 is a cross-sectional side vieW of a fourth 
alternative optically clear cover for the package of FIG. 3 
Wherein the side surfaces of the cover include a rectangular 
lip and a recessed orthogonal portion. 

[0033] FIG. 17 is a cross-sectional side vieW of a ?fth 
alternative optically clear cover for the package of FIG. 3 
Wherein the side surfaces of the cover include an arc-shaped 
indentation. 

[0034] FIG. 18 is a cross-sectional side vieW of an alter 
native package Where the optically clear cover is on the 
adhesive bead. 

[0035] FIG. 19 shoWs an alternative optically clear cover 
for the package of FIG. 18 Where a groove is cut into the 
cover Where the cover meets the adhesive bead. 

[0036] FIG. 20 is a cross-sectional vieW of a ?fth embodi 
ment of the die pad and leads of the leadframe of FIG. 5. 

[0037] FIG. 21 is a cross-sectional vieW of an alternative 
package having a molded cap above and around the optical 
device. 

[0038] FIG. 22 is an alternative cap for the package of 
FIG. 21, Wherein the cap has an anti-scratch feature. 

DETAILED DISCUSSION 

[0039] FIG. 3 shoWs a package 30 in accordance With the 
present invention. Package 3 includes a molded package 
base 31. Base 31 is formed of a commercially available 
insulative molding compound, such as SUMITOMO 6300H, 
a high stress compound from the Sumitomo Company of 
Japan. Alternative compounds include NITTO MP-8000AN 
plastic molding compound from the Nitto Company of 
Japan, or EME 7351 UT plastic molding compound from the 
Sumitomo Company. 

[0040] Molded base 31 of FIG. 3 includes a substantially 
planar upper ?rst surface 32 (see FIG. 10 also), an opposite 
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substantially planar lower second surface 33, and tapered 
peripheral side surfaces 34 between ?rst surface 32 and 
second surface 33. 

[0041] Embedded in base 31 of FIG. 3 at ?rst surface 32 
is a rectangular metal die pad 35. Die pad 35 has a planar or 
substantially planar upper ?rst surface 36, an opposite planar 
or substantially planar loWer second surface 37, and a side 
surfaces 38 betWeen ?rst surface 36 and second surface 37. 
The perimeter shape of die pad 35 may vary. Second surface 
37 and side surfaces 38 of die pad 35 are covered by the 
plastic molding material that forms base 31. First surface 36 
of die pad 25 is exposed, i.e., not covered by the plastic 
molding material. 

[0042] Aplurality of metal leads 39 also are embedded in 
base 31 at ?rst surface 32 of base 31. A?rst portion 40 (FIG. 
10) of each lead 39 is internal to package 30 and is in the 
same horiZontal plane as die pad 35. A second portion 41 
(FIG. 10) of each lead 39 extends beyond sides 38 of base 
31 and ultimately is bent into a through-hole con?guration 
(FIG. 3). In alternative embodiments, leads 39 may be 
formed into any conventional package style, including 
PLCC and gull Wing styles. 

[0043] Each lead 39 of FIGS. 3 and 10 includes a planar 
or substantially planar upper ?rst surface 42, an opposite 
planar or substantially planar second surface 43, and side 
surfaces 44 betWeen ?rst surface 42 and second surface 43. 
Second surfaces 43 and side surfaces 44 of ?rst portions 40 
of leads 39 are covered by the plastic molding compound 
that forms base 31. First surfaces 42 of ?rst portion 40 of 
leads 39 are exposed, i.e., not covered by plastic molding 
compound. 
[0044] Optical integrated circuit device 23 is centrally 
placed on and attached to ?rst surface 36 of die pad 35. 
Exemplary optical integrated circuit devices are EPROMs, 
CCDs, and camera devices. Optical device 23 has an upper 
?rst surface 45, an opposite loWer second surface 46, and 
orthogonal side surfaces 47 betWeen ?rst surface 45 and 
second surface 46. Second surface 45 of optical device 23 is 
on ?rst surface 36 of die pad 35. Light sensitive cell 24 is on 
?rst surface 45 of optical device 23. Each of a plurality of 
metal bonding pads 14 at the perimeter of upper ?rst surface 
45 of device 23 is connected by a gold bond Wire 13 to a ?rst 
surface 42 of a ?rst portion 40 of a lead 39. 

[0045] Adjacent to and surrounding optical device 23 of 
FIG. 3 and FIG. 11 is an adhesive bead 48. Bead 48 is 
completely around device 23 and is spaced apart from and 
does not contact optical device 23. Adhesive beads for 
integrated circuit packages also are described in US. patent 
application Ser. Nos. 08/844,536 (?led Apr. 18, 1997) and 
09/050,666 ?led (Mar. 30, 1998), Which are incorporated 
herein by reference in their entirety. An example material for 
bead 48 is HYSOL 4451 epoxy, Which is available from the 
Dexter/Hysol Corp. of City of Industry, Calif. 

[0046] Adhesive bead 48 of FIG. 3 is applied in a viscous 
state onto upper ?rst surface 32 of base 31 around optical 
device 23. In particular, bead 48 covers the exposed upper 
?rst surfaces 42 of ?rst portions 40 of leads 39. Bead 48 
extends to a height above ?rst surface 32 of base 31 that is 
greater than the heights of device 23 and bond Wires 13. 

[0047] An optically clear cover 49 forms the top of 
package 30 of FIG. 3. Cover 49 has a planar ?rst surface 50, 
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an opposite planar second surface 51, and orthogonal 
peripheral side surfaces 52 betWeen ?rst surface 50 and 
second surface 51. Cover 49 has a rectangular perimeter in 
this embodiment, but the perimeter shape and area of cover 
49 may vary to match the perimeter shape of bead 48, Which 
also may vary. 

[0048] Second surface 51 of cover 49 is squarely and 
centrally placed onto viscous bead 48, and then pressed into 
bead 48 so that cover 49 is in a press-?tted interconnection 
With bead 48. The material of bead 48 covers a peripheral 
portion of loWer second surface 51 of cover 49, side surfaces 
52 of cover 49 around the entire perimeter of cover 49, and 
a peripheral portion of upper ?rst surface 50 of cover 49. 
Bead 48 is then hardened. 

[0049] Referring to FIG. 3, bead 48 supports cover 49 
above upper ?rst surface 45 of device 23, bond Wires 13, and 
upper ?rst surface 32 of base 31. For example, bead 48 may 
support cover 49 a distance in the range of about 0.3 to 0.5 
mm above upper ?rst surface 32 of base 31. Obviously, the 
dimensions of the elements of package 3 of FIG. 3 vary 
depending on the application. For example, larger optical 
devices 23 require larger packages. 

[0050] Optical device 23 of FIG. 3 is located Within a 
closed cavity 53 that is created by and bounded by upper ?rst 
surface 32 of base 31, bead 48 around optical device 23, and 
loWer second surface 51 of cover 49. 

[0051] FIG. 4 is a How chart shoWing one embodiment of 
a method Within the present invention for making a package 
like the example shoWn in FIG. 3. Step 1 of FIG. 4 provides 
a thin metal leadframe having encapsulant locking features 
on the side surfaces of the die pad and leads of the lead 
frame. 

[0052] FIG. 5 is a plan vieW of a leadframe 56 Within the 
present invention for making package 30 of FIG. 3. Snading 
is used in FIG. 5 to identify the metal of leadframe 56. The 
actual pattern of a leadframe for making a package 30 Within 
the present invention varies With the application, so the 
pattern of leadframe 56 is exemplary only. Alternatively, 
leadframes for multiple packages may be formed from a 
single sheet of metal, and the multiple packages can be 
formed in parallel. 

[0053] Leadframe 56 is made of a conventional leadframe 
metal, such as copper or copper alloys, plated copper or 
plated copper alloys, Alloy 42 (42% nickel, 58% iron), or 
copper plated steel, depending on the application. The 
surfaces of leads 39 to Which bond Wires are attached may 
be plated With silver, gold, nickel palladium, or copper, 
depending on the application. 

[0054] Leadframe 56 of FIG. 5 includes a central die pad 
35 and radiating leads 39. A dam bar 57 and a tie bar 58 
interconnect leads 39. Staggered anchor ears 59 extend 
perpendicularly from the lateral side surfaces 44 of ?rst 
portion 40 of leads 39. In a completed package, anchor ears 
59 prevent leads 39 from being pulled horiZontally from 
package base 31. Alternatively, holes may be formed in leads 
39 instead of having anchor ears. 

[0055] Leadframe 56 of FIG. 5 is identical to conven 
tional leadframes, except for side surfaces 38 of die pad 35 
and side surfaces 44 of leads 39. Whereas the side surfaces 
of the die pad and leads of a conventional leadframe are 
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orthogonal, side surfaces 28 and 32 of FIGS. 5-9 have 
locking features to ensure a secure connection betWeen die 
pad 35 and leads 39 and the plastic molding compound that 
forms package base 31 of FIG. 3. As discussed above, side 
surfaces 38 and 44 are covered by the plastic molding 
compound Which forms base 31 of FIG. 3. 

[0056] FIGS. 6-9 and 20 provide alternative cross-sec 
tional side vieWs of a die pad 35 and an exemplary lead 39 
of leadframe 56 of FIG. 5 and package 30 of FIG. 3. As 
shoWn, the die pad and leads of FIGS. 6-9 and 20 have 
locking features that prevent the die pad and leads from 
being pulled vertically from molded base 31 of FIG. 3. 

[0057] In FIG. 6, side surfaces 38 of die pad 35 and side 
surfaces 44 of lead 39 have reentrant portions. In particular, 
the upper and loWer portions of side surfaces 38 and 44 are 
reentrant such that there is a protruding central peak 60 
betWeen the reentrant portions. Molding compound ?oWs 
into the reentrant portions of side surfaces 38 and 44. 
Accordingly, the reentrant portions of side surfaces 38 of die 
pad 35 and side surfaces 44 of leads 39 of FIG. 6 enhance 
the connection betWeen the molding compound of base 31 of 
FIG. 3 and die pad 35 and leads 39. 

[0058] In addition to having reentrant portions, side sur 
faces 38 of die pad 35 and side surfaces 44 of lead 39 of 
FIG. 6 have a roughly-textured surface that includes numer 
ous asperities. Molding compound ?oWs into the areas of the 
asperities. The asperities also enhance the connection 
betWeen the molding compound that forms package base 31 
of package 30 of FIG. 3 and die pad 35 and the leads 39 of 
package 30. 

[0059] FIG. 7 shoWs an alternative pro?le for side sur 
faces 38 of die pad 35 and side surfaces 44 of leads 39 of 
leadframe 56 of FIG. 5 and package 30 of FIG. 3. In FIG. 
7, side surfaces 38 and 44 each have a reentrant central 
depression 61 and a roughly-textured surface that includes 
numerous asperities. Molding compound ?oWs into central 
depression 61 and into the areas of the asperities. The 
reentrant portion and asperities of side surfaces 38 and 44 of 
FIG. 7 enhance the connection betWeen the molding com 
pound of package base 31 of FIG. 3 and die pad 35 and the 
leads 39. 

[0060] FIG. 8 shoWs an alternative pro?le for side sur 
faces 38 of die pad 35 and side surfaces 44 of leads 39 of 
leadframe 56 of FIG. 5 and package 30 of FIG. 3. In the 
embodiment of FIG. 8, side surfaces 38 and 44 include a 
protruding, rounded lip 62 adjacent to loWer second surfaces 
37 and 43 of die pad 35 and lead 39, respectively. Lip 62 has 
a roughly-textured surface Which includes numerous asperi 
ties. Side surfaces 38 and 44 also have a reentrant orthogonal 
portion 63 betWeen lip 62 and upper ?rst surfaces 36 and 42 
of die pad 35 and leads 39, respectively. Molding compound 
?oWs around lip 62 and contacts orthogonal portion 63. 
Molding compound material also ?oWs into the asperities. 
Like the embodiments of FIGS. 6 and 7, the reentrant 
portions and asperities of side surfaces 38 of die pad 35 and 
side surfaces 44 of lead 39 of FIG. 8 enhance the connection 
betWeen the molding compound of molded base 31 of 
package 30 of FIG. 3 and die pad 35 and the leads 39 of 
package 30. 

[0061] FIG. 9 shoWs an alternative pro?le for side sur 
faces 38 of die pad 35 and side surfaces 44 of leads 39 of 
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leadframe 56 of FIG. 5 and package 30 of FIG. 3. In this 
embodiment, side surfaces 38 and 44 each include a pro 
truding rectangular lip 64 adjacent to loWer second surfaces 
37 and 43 of die pad 35 and lead 39, respectively. Side 
surfaces 38 and 44 also have a reentrant orthogonal portion 
65 betWeen lip 64 and upper ?rst surfaces 36 and 42 of die 
pad 35 and lead 39, respectively. Molding compound ?oWs 
around lip 64 and contacts orthogonal portion 65. Like the 
embodiment of FIG. 8, the reentrant portions of side sur 
faces 38 of die pad 35 and side surfaces 44 of lead 39 of 
FIG. 9 enhance the connection betWeen the molding com 
pound of molded base 31 of FIG. 3 and die pad 35 and the 
leads 39 of package 30. 

[0062] Leadframe 56 of FIG. 5 is formed from rolled strip 
metal stock by Wet chemical etching or mechanical stamping 
using progressive devices. As is Well knoWn, chemical 
etching (also knoWn as chemical milling) is a process that 
uses photolithography and metal-dissolving chemicals to 
etch a pattern into a metal strip. The photoresist is eXposed 
to ultraviolet light through a photo mask having a desired 
pattern, and is subsequently developed and cured. Metal 
dissolving chemicals are sprayed on or otherWise applied to 
the masked strip, and eXposed portions of the strip are etched 
aWay, leaving the desired pattern. As is also Well knoWn, 
progressive stamping uses sets of progressive devices to 
mechanically remove metal from a metal strip. Each of a 
plurality of stamping stations uses one of the devices to 
punch a distinct small area of metal from the strip as the strip 
moves through the stations. The combined Work of the 
devices produces the desired pattern of the leadframe. 

[0063] A leadframe 56 (FIG. 5) having side surfaces 38 
and 44 of FIG. 6 can be formed by chemically etching the 
rolled strip metal stock from both sides using a conventional 
liquid etchant. The etch process is stopped early so that there 
is an underetching of all of the side surfaces of the compo 
nents of leadframe 56, including side surfaces 38 of die pad 
35 and side surfaces 44 of leads 39, compared to the time it 
Would take to form orthogonal side surfaces. The siZe and 
shape of central peak 60 of FIG. 6 is controlled by the 
amount of underetching. The Wet etching also creates the 
asperities. 

[0064] A leadframe 56 (FIG. 5) having side surfaces 38 
and 44 of FIG. 7 can be formed by chemically etching the 
rolled strip metal stock from one side using a conventional 
liquid etchant. The etch process is continued beyond the 
time required to form orthogonal side surfaces for the 
components of leadframe 56, i.e., there is an overetching. 
The siZe and shape of central depression 61 of FIG. 7 is 
controlled by the amount of overetching. The etching also 
creates the asperities. 

[0065] A leadframe 56 (FIG. 5) having side surfaces 38 
and 44 of FIG. 8 can be formed in a tWo step process. The 
?rst step of such a process involves forming a leadframe 56 
by chemical etching or progressive stamping so that the side 
surfaces of the components of leadframe 56, including side 
surface 38 of die pad 35 and side surface 44 of leads 39, have 
an orthogonal pro?le. The second step involves coining the 
loWer surface of the leadframe 56, i.e., applying a high 
pressure impact to the loWer surface of the leadframe 56. 
This coining step deforms the side surfaces of leadframe 40 
adjacent to the impacted surface so that the rounded, asper 
ity-marked protruding lips 62 of FIG. 8 are formed. 
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[0066] A leadframe 56 (FIG. 5) having side surfaces 38 
and 44 of FIG. 9 can be formed by progressive stamping. 
The side surfaces of the components of leadframe 56, 
including side surfaces 38 of die pad 35 and the side surfaces 
44 of leads 39, can be provided With a rectangular lip 64 and 
a reentrant orthogonal portion 65 by including intermediate 
stamping steps Which do not fully cut through the rolled strip 
metal stock before ?nally cutting through the rolled strip 
sheet. The intermediate stamping steps and the ?nal cutting 
steps combine to form the rectangular, protruding lips 64 of 
side surfaces 38 and 44 of FIG. 9. 

[0067] Step 2 of FIG. 4 places leadframe 56 in a mold 
having tWo pockets for making conventional p-dip pack 
ages. In accordance With the present invention, the upper 
pocket of the mold above leadframe 56 is blanked out by a 
pocket bar so that encapsulant material does not enter the 
upper pocket and does not cover the upper surface of 
leadframe 56. During the molding process, molding com 
pound only enters the loWer pocket of the mold. A commer 
cially available, high stress molding compound by Sumi 
tomo Company of Japan, SUMITOMO 6300H, is usable. 
Other standard encapsulant materials, such as NITTO 
MP-8000AN molding compound from the Nitto Company 
of Japan, and EME 7351 UT molding compound from the 
Sumitomo Company of Japan also can be used. 

[0068] FIG. 10 is a cross-sectional side vieW of an incom 
plete package after Step 2 of FIG. 4. Step 2 forms package 
base 31, as shoWn in FIGS. 3 and 10. Molding compound 
is molded beneath and on the loWer and side surfaces of the 
central portion of leadframe 56. 

[0069] Referring to FIGS. 3, 6-9 and 20, Step 2 of FIG. 4 
is performed so that the molding compound covers loWer 
second surface 37 and side surface 38 of die pad 35 and 
loWer second surfaces 43 and side surfaces 44 of leads 39. 
Accordingly, the reentrant portions and asperities (if any) 
shoWn in FIGS. 6-9 and 20 engage the molding compound 
and lock die pad 35 and leads 39 to base 31 (FIGS. 3 and 
10). 
[0070] Step 2 concludes With a de?ash step, Wherein any 
eXcess molding compound that inadvertently covers ?rst 
surface 42 of leads 39 or ?rst surface 36 of die pad 35 is 
removed from ?rst surface 42 of leads 39 and ?rst surface 36 
of die pad 35. This may be performed, for eXample, by 
directing a high pressure Water stream including polypro 
pylene beads at the ?rst surface 42 of leads 39 and ?rst 
surface 36 of die pad 35. 

[0071] Referring to FIGS. 3, 5, and 10, Step 3 of FIG. 4 
places loWer second surface 43 of optical integrated circuit 
device 23 on the eXposed upper ?rst surface 36 of die pad 35 
of leadframe 56, and attaches second surface 43 of device 23 
to ?rst surface 36 of die pad 35. Step 3 is performed With a 
conventional device attach machine and adhesive. 

[0072] Referring to FIG. 3, Step 4 of FIG. 4 electrically 
connects each bonding pad 14 on optical device 23 to an 
upper ?rst surface 42 of a ?rst portion 40 of a lead 39. In the 
embodiment of FIG. 3, conventional gold bond Wires 13 are 
connected betWeen pads 14 and leads 39. Conventional bond 
Wire attachment methods are used. 

[0073] Referring to FIG. 10, Step 5 of FIG. 4 applies a 
bead of a viscous adhesive material, such as epoXy, on the 
upper surfaces of base 31 and leadframe 56 around optical 
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device 23. FIG. 11 shoWs an adhesive bead 48 on ?rst 
surface 32 of base 31 and a portion of ?rst surfaces 42 of ?rst 
portions 40 of leads 39 of leadframe 56. 

[0074] Although not completely shoWn by FIG. 11, bead 
48 surrounds optical device 23. Bead 48 also covers and 
adheres to ?rst surface 32 of base 31 and to a portion of the 
upper ?rst surface 42 of a ?rst portion 40 of each lead 39. 
First surface 42 and bead 48 form a cavity 53 around and 
above optical device 23. Cavity 53 ultimately is closed by 
the placement of cover 49 onto bead 48. 

[0075] Example dimensions for bead 48 are about 0.5 mm 
to 0.8 mm in Width at base 31, and about 0.8 mm to 1.0 mm 
in height above base 31. Bead 48 must be siZed so that, even 
in a viscous state, bead 48 Will, at least temporarily, support 
cover 49 above bond Wires 13, optical device 23, and base 
31. Upon hardening, bead 48 permanently supports cover 49 
above bond Wires 13, optical device 23, and base 31 (FIG. 
3). 
[0076] FIG. 12 shoWs an alternative embodiment of a 
package Within the present invention. Package 66 of FIG. 12 
is the same as package 30 of FIG. 3, and is made the same 
Way, eXcept With respect to the location of the adhesive bead 
around optical device 23. Like bead 48 of FIG. 3, bead 67 
of FIG. 12 covers portions of ?rst surface 32 of base 31 and 
?rst surface 42 of radiating leads 39. In addition, bead 67 
covers an eXposed peripheral portion of ?rst surface 36 of 
die pad 35 around device 23, a portion of side surfaces 47 
of optical device 23, and a loWer portion of bond Wires 13, 
including the connection betWeen bond Wires 13 and leads 
39. In FIG. 12, bead 67 does not contact ?rst surface 45 of 
optical device 23. To prevent corrosion, a dot 68 of the bead 
material or some other adhesive material or epoXy covers the 
connection betWeen each bond Wire 13 and bonding pad 14. 

[0077] FIG. 12A shoWs another alternative embodiment 
of a package Within the present invention. Package 69 of 
FIG. 12A is identical to package 30 of FIG. 3 and package 
66 of FIG. 12, and is made the same Way, eXcept as to the 
location of bead 70 around optical device 23. Bead 70 of 
FIG. 12A covers portions of ?rst surface 32 of base 31 and 
?rst surface 42 of leads 39, an eXposed peripheral portion of 
?rst surface 36 of die pad 35 around optical device 23, the 
entirety of side surfaces 47 of optical device 23, bond Wires 
13, and a peripheral portion of upper ?rst surface 45 of 
optical device 23, including the connection betWeen bonding 
pads 14 and bond Wires 13. Care is taken, hoWever, that bead 
70 does not contact optical cell 24 of device 23. 

[0078] Step 6 of FIG. 4 provides a thin optically clear 
cover through Which light may be transmitted. The siZe and 
perimeter shape of the cover should be calculated to match 
the location and perimeter shape of the adhesive bead 
around the optical device (FIG. 11A). As shoWn in FIG. 3, 
cover 49 is siZed so that the area of cover 49 is equal to the 
area bounded by the mid-point of the Width of bead 48. 
Accordingly, cover 49 may be press-?tted into bead 48 so 
that side surfaces 52 of cover 49 are covered by bead 48 

(FIG. 3). 
[0079] Example materials for cover 48 of FIG. 3 include 
glass, such as borosilicate glass. An eXample thickness of a 
borosilicate glass cover 48 is about 0.5 mm, but the thick 
ness may vary With the application. Alternatively, cover 48 
can be made of any optically clear material, such as poly 
carbonate, clear plastic or quartZ. 












