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(57) ABSTRACT 

A semiconductor carrier for testing semiconductor compo 
nents, such as bare dice and chip scale packages, and a 
method for fabricating the carrier are provided. The carrier 
includes a molded plastic base, a lead frame, and an inter 
connect. The interconnect includes contacts for making 
temporary electrical connections With corresponding con 
tacts (e.g., bond pads, solder balls) on the components. The 
carrier is fabricated by attaching the interconnect to the lead 
frame, and then molding the plastic base to the interconnect 

( * ) Notice; This is a publication of a Continued pros- and lead frame. An alternate embodiment carrier includes a 
ecution application (CPA) ?led under 37 board to Which multiple interconnects are molded or lami 
CFR 1_53(d)_ nated. In addition, clip members retain the components on 

the board in electrical communication With the intercon 
(21) Appl. No.: 09/143,300 nects. 
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TEST CARRIER WITH MOLDED INTERCONNECT 
FOR TESTING SEMICONDUCTOR COMPONENTS 

Field of the Invention 

[0001] This invention relates generally to semiconductor 
manufacture, and more particularly to an improved test 
carrier for temporarily packaging and testing semiconductor 
components, such as dice and chip scale packages. This 
invention also relates to a test system incorporating the 
carrier, and to a method for fabricating the carrier. 

BACKGROUND OF THE INVENTION 

[0002] Semiconductor components, such as bare dice and 
chip scale packages must be tested prior to shipment by 
semiconductor manufacturers. Since these components are 
relatively small and fragile, carriers have been developed for 
temporarily packaging the components for testing. The 
carriers permit electrical connections to be made betWeen 
external contacts on the components, and testing equipment 
such as burn-in boards. On bare dice, the external contacts 
typically comprise planar or bumped bond pads. On chip 
scale packages, the external contacts typically comprise 
solder balls in a dense array, such as a ball grid array, or a 
?ne ball grid array. 

[0003] An interconnect on the carrier includes contacts 
that make the temporary electrical connections With the 
external contacts on the components. The interconnect must 
provide poWer, ground and signal paths to the component. 
As the external contacts on the components become smaller 
and denser, it becomes more dif?cult to fabricate the carrier 
With the required number of electrical paths to the intercon 
nect. 

[0004] Also, the carrier must be reused multiple times in 
a production environment. Accordingly, it is desirable to 
make the carrier as damage resistant as possible. Incorpo 
rating the interconnect into the carrier, While maintaining a 
compact outline for the carrier is increasingly dif?cult. In 
addition, the fabrication process for the carrier must be 
capable of producing production quantities at reasonable 
costs. It Would be advantageous to have the capability to 
fabricate carriers using conventional semiconductor fabri 
cation processes. This Would loWer initial capital outlays for 
production equipment, and loWer production costs. 

[0005] In vieW of the foregoing, improved carriers for 
testing semiconductor components including unpackaged 
dice, and chip scale packages are needed. Also needed are 
improved fabrication processes for carriers. In particular, 
carriers Which can be constructed at loW costs, using stan 
dard fabrication equipment, are needed. 

SUMMARY OF THE INVENTION 

[0006] In accordance With the present invention, an 
improved test carrier, and a method for fabricating the 
carrier, are provided. The test carrier can be used to tempo 
rarily package and test semiconductor components, such as 
bare dice, and chip scale packages. 

[0007] The test carrier includes a base for retaining one or 
more components, and et lead frame molded to the base. The 
lead frame includes lead ?ngers Which form internal signal 
traces and terminal contacts for the carrier. The carrier also 
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includes an interconnect, Which is attached to a mounting 
paddle of the lead frame and molded to the base. 

[0008] The interconnect includes contacts for electrically 
contacting external contacts on the component under test. 
The interconnect contacts are electrically connected to the 
lead ?ngers of the lead frame by Wire bonding. For com 
ponents With planar external contacts, such as bond pads on 
bare dice, the interconnect contacts can comprise etched 
pillars With penetrating projections. Alternately, for planar 
external contacts, the interconnect contacts can comprise 
microbumps on a polymer ?lm. For components With 
bumped contacts, such as chip scale packages having solder 
balls, the interconnect contacts can comprise recesses, or ?at 
pads, covered With conductive layers. 

[0009] The carrier also includes a force applying member 
for biasing the component against the interconnect. The 
force applying mechanism includes a biasing member, such 
as a compressible elastomeric spring. The force applying 
mechanism also includes a lid, and one or more clips, Which 
attach to the carrier base. 

[0010] In an alternate embodiment, multiple interconnects 
can be molded to a board having integrally formed clip 
members. In another alternate embodiment laser machined 
conductive vias in the interconnect provide electrical paths 
for external contacts formed directly on the interconnect. 

[0011] The method for fabricating the carrier includes the 
initial step of attaching the interconnect to the lead frame. 
FolloWing attachment, an elastomeric gasket can be placed 
on the interconnect and lead frame, to protect the intercon 
nect, and portions of the lead ?ngers Wherein Wire bonds 
Will be formed. Alternately, in place of an elastomeric 
gasket, a polymer layer, such as a thick ?lm resist, can be 
applied to the interconnect prior to molding. During a 
molding step, the carrier base is molded to the lead frame 
and interconnect. Next, the gasket is removed, or the poly 
mer layer is stripped, and the interconnect is Wire bonded to 
the lead ?ngers. As another alternate Wiring bonding can 
precede molding, and the Wire bonds can be encapsulated. 
Finally, a trim and form step is performed to form exposed 
portions of the lead ?ngers into the terminal leads of the 
carrier. 

[0012] A test system constructed in accordance With the 
invention includes the carrier and test circuitry. The test 
circuitry generates and transmits test signals through the 
carrier to the component, and evaluates the resultant signals. 
The test system can also include a burn-in board Which 
provides electrical interface betWeen the carrier and test 
circuitry. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is a plan vieW of a test carrier constructed 
in accordance With the invention; 

[0014] FIG. 1A is a cross sectional vieW taken along 
section line 1A-1A of FIG. 1; 

[0015] FIG. 2 is a side elevation vieW of the carrier; 

[0016] 
[0017] FIG. 4 is a schematic plan vieW of a lead frame 
con?gured for fabricating multiple carriers; 

FIG. 3 is an end vieW of the carrier; 
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[0018] FIG. 5 is an enlarged plan vieW taken along section 
line 5-5 of FIG. 4 of a portion of the lead frame; 

[0019] FIG. 5A is an enlarged plan vieW partially cut 
aWay taken along section line 5A-5A of FIG. 5; 

[0020] FIG. 5B is a cross sectional vieW of the lead frame 
and interconnect taken along section line 5B-5B of FIG. 5; 

[0021] FIG. 6 is an enlarged plan vieW of an interconnect 
of the carrier With a component under test superimposed 
thereon; 
[0022] FIG. 6A is an enlarged cross sectional vieW taken 
along section line 6A-6A of FIG. 6, illustrating an inter 
connect contact electrically engaging a component contact; 

[0023] FIG. 6B is an enlarged cross sectional vieW 
equivalent to FIG. 6A of an alternate embodiment intercon 
nect contact; 

[0024] FIG. 6C is a plan vieW of the interconnect contact 
of FIG. 6B; 

[0025] FIG. 6C is enlarged cross sectional vieW equiva 
lent to FIG. 6A of another alternate embodiment intercon 
nect contact; 

[0026] FIGS. 7A-7F are schematic cross sectional vieWs 
illustrating steps in a method for fabricating the carrier in 
accordance With the invention; 

[0027] FIGS. 8A-8E are schematic cross sectional vieWs 
illustrating steps in a method for fabricating an alternate 
embodiment carrier; 

[0028] FIGS. 9A-9D are schematic cross sectional vieWs 
illustrating steps in a method for fabricating another alter 
nate embodiment carrier; 

[0029] FIG. 10A is a schematic perspective vieW of an 
alternate embodiment carrier; and 

[0030] FIG. 10B is a cross sectional vieW taken along 
section line 10B-10B of FIG. 10A. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] Referring to FIGS. 1-3, a test carrier 10 constructed 
in accordance With the invention is illustrated. The carrier 10 
is adapted to temporarily package a semiconductor compo 
nent 16 (FIG. 1A) for testing and burn-in. 

[0032] The carrier 10 includes a base 12, a lead frame 14 
(FIG. 1A) and an interconnect 18 (FIG. 1A). As Will be 
further explained, the lead frame 14 and interconnect 18 are 
molded to the base 12. The carrier 10 also includes a force 
applying mechanism comprising a spring 20 (FIG. 1A), a lid 
22 and a pair of clips 24. In addition, the carrier 10 includes 
a plurality of terminal leads 26 in electrical communication 
With the interconnect 18. 

[0033] As Will be further explained, the terminal leads 26 
comprise trimmed and formed portions of the lead frame 14. 
Further, the terminal leads 26 are adapted for electrical 
communication With test circuitry 27 (FIG. 2) of a test 
system. The test circuitry 27 generates test signals, and 
transmits the test signals to the terminal leads 26 and through 
the interconnect 18 to the component 16. The test circuitry 
27 also analyZes the resultant test signals transmitted from 

Nov. 22, 2001 

the component 16. This permits various electrical charac 
teristics of the component 16 to be evaluated. 

[0034] The carrier base 12 and terminal leads 26 have a 
con?guration (i.e., siZe, peripheral outline, external leads) 
corresponding to that of a conventional semiconductor pack 
age. In the illustrative embodiment, the carrier base 12 has 
the con?guration of a small outline j-bend (SOJ) package. 
Alternately, the carrier base 12 can have the con?guration of 
other conventional packages such as single in line memory 
module (SIMM), dual in line package (DIP), quad ?at pack 
(QFP), Zig Zag in line package (ZIP), or leadless chip carrier 
(LCC). This permits the carrier 10 to be utiliZed With 
conventional equipment such as burn-in boards, carrier 
trays, and handling equipment associated With conventional 
semiconductor packages. In the illustrative embodiment in 
the SO] con?guration, he terminal leads 26 are located on 
opposing sides of the carrier base 12. HoWever, for other 
con?gurations the terminal leads 26 can be located on more 
than tWo sides (e.g., three sides, four sides). 

[0035] Alternately, rather than having terminal leads 26 
formed as dual in line pins, other con?gurations for the leads 
26 can be provided. For example, the carrier base 12 can 
include solder balls in a ball grid array (BGA) or ?ne ball 
grid array (FBGA), or pins in a pin grid array (PGA). The 
carrier base 12 and terminal leads 26 can also have a 
specialiZed con?guration different than conventional semi 
conductor packages. 

[0036] The carrier base 12 is formed of plastic using a 
conventional injection molding process. Exemplary plastics 
include epoxy novolac resin, silicone, phenylsilane and 
thermoset plastics. The carrier base 12 includes channels 28 
on either end for receiving the clips 24. The carrier base 12 
also includes a recess 30. With the lid 22 attached to the 
carrier base 12 the recess 30 forms an enclosed cavity 32 
(FIG. 1A) for the component 16 and spring 20. Also, With 
the lid 22 attached to the carrier base 12, the component 16 
is pressed by the spring 20 against the interconnect 18. 

[0037] The lid 22 and clips 24 are siZed and shaped for 
mating physical engagement. In addition, the clips 24 
include rectangular openings 34 (FIG. 1) Which permit 
handling by a manual or automated tool. Preferably the clips 
24 comprise a resilient metal or plastic material. 

[0038] The spring 20 can comprise a resilient elastomeric 
material such as silicone, butyl rubber, or ?uorosilicone. 
Suitable elastomeric materials include “PORON” available 
from a Rogers Corporation subsidiary of Elkgrove Village, 
ILL. If desired, the elastomeric spring 20 can be secured to 
the lid 22 using an adhesive such as silicone. Rather than 
being formed of elastomeric materials, the spring 20 can 
comprise a resilient metal such as a belleville Washer, or 
spring segment. Alternately, the spring 20 can comprise a 
compressible gas or liquid ?lled bladder. This type of 
bladder is available from Paratech of Frankfort, IL under the 
trademark “MAXI FORCE AIR BAG”. 

[0039] Assembly of the carrier 10, With the component 16 
therein, can be accomplished by attaching the component 16 
to the lid 22 and spring 20. The lid 22 and spring 20 can 
include a vacuum conduit 31 to enable attachment of the 
component 16 using a vacuum tool (not shoWn). The com 
ponent 16 can then be aligned With the interconnect 18 and 
placed in contact thereWith. Optical alignment techniques 
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can be used during assembly of the carrier 10. US. Pat. No. 
5,541,525 entitled “Carrier For Testing An Unpackaged 
Semiconductor Die”, Which is incorporated herein by ref 
erence, describes a method for assembling the carrier 10 
using optical alignment. 
[0040] Referring to FIGS. 4 and 5, the lead frame 14 is 
shoWn prior to formation of the carrier base 12. The lead 
frame 14 initially comprises a strip of material Which 
includes multiple interconnect mounting sites 36 (FIG. 4). 
In an illustrative embodiment the lead frame 14 includes ten 
interconnect mounting sites 36. HoWever, this number is 
merely eXemplary, and a greater or lesser number of inter 
connect mounting sites 36 can be employed. Each intercon 
nect mounting site 36 can be used to mount an interconnect 
18 to form a single carrier base 12. FolloWing a molding step 
in Which the carrier bases 12 are molded to the interconnects 
18, the lead frame 14 can be cut or sheared into a plurality 
of separate bases 12. Each carrier base 12 includes an 
integrally molded interconnect 18 substantially as shoWn in 
FIG. 1A. 

[0041] As shoWn in FIG. 5, the lead frame 14 includes 
parallel spaced side rails 42, 44 having multiple through 
openings 46, 48. The side rails 42, 44 and openings 46, 48 
permit the lead frame 14 to be handled by automated transfer 
mechanisms associated With chip bonders, Wire bonders, 
molds, trim and form machinery, and marking machinery. 
The lead frame 14 also include elongated openings 50 to 
facilitate singulation of the lead frame 14 into separate 
carriers 10. The lead frame 14 can be formed of metal using 
a stamping process, or a chemical milling process. Suitable 
metals for the lead frame 14 include nickel-iron alloys (e.g., 
42% Ni-58% Fe), clad materials (e.g., copper clad stainless 
steel), or copper alloys. 

[0042] As also shoWn in FIG. 5, each interconnect mount 
ing site 36 includes a doWn set mounting paddle 38. In 
addition, each interconnect mounting site 36 includes a 
pattern of lead ?ngers 40. FolloWing the molding step, Wires 
80 (FIG. 1A) Will be Wire bonded to the lead ?ngers 40 and 
to bonding pads 52 on the interconnect 18. The lead ?ngers 
40 Will form the internal signal traces for the carrier 10. 
Also, terminal portions of the lead ?ngers 40 Will be 
trimmed and formed to form the terminal leads 26 (FIG. 1) 
of the carrier 10. 

[0043] Some of the lead ?ngers 40 can overlap the inter 
connect 18 to provide increased structural rigidity for sup 
porting the interconnect 18 in the molded base 12. As shoWn 
in FIG. 5A, the mounting paddle 38 can include cut outs 39 
to accommodate formation of the overlapping lead ?ngers 
40 during stamping or etching of the lead frame 14. 

[0044] As shoWn in FIG. 5B, the mounting paddle 38 
includes a planar surface con?gured to support the intercon 
nect 18. During attachment of the interconnect 18 to the lead 
frame 14, a backside of the interconnect 18 can be adhe 
sively bonded to the mounting paddle 38. Accordingly, the 
mounting paddle 38 has a peripheral shape Which corre 
sponds to a peripheral shape of the interconnect 18. In the 
illustrative embodiment the mounting paddle 38 has a gen 
erally rectangular peripheral shape. HoWever, the mounting 
paddle 38 can also be con?gured in other peripheral shapes, 
such as square. Aperipheral siZe of the mounting paddle 38 
can be slightly larger than a peripheral siZe of the intercon 
nect 18. 
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[0045] The interconnect 18 can be attached to the mount 
ing paddle 38 using an adhesive layer 54. The adhesive layer 
54 can comprise an epoXy, acrylic, silicone or polyimide 
material. Alternately, the adhesive layer 54 can comprise a 
polymer tape, such as “KAPTON” tape manufactured by 
DuPont. For attaching the interconnect 18 to the mounting 
paddle 38 a manual or automated process can be employed. 
For an automated process, a conventional chip bonder used 
in the production of conventional semiconductor packages 
for bonding dice to lead frames can be utiliZed. 

[0046] Still referring to FIG. 5B, the mounting paddle 38 
includes doWnset segments 56 Which connect the mounting 
paddle to the siderails 42, 44 (FIG. 5) of the lead frame 14. 
A doWnset D of the mounting paddle 38 provides an offset 
for the mounting paddle 38 relative to the lead ?ngers 40. 
This facilitates molding of the interconnect 18 into the 
plastic base 12, and embeds the interconnect 18 Within the 
molded plastic material of the base 12. In addition, as shoWn 
in FIG. 1A, the doWnset mounting paddle 38 forms an 
eXposed bottom surface of the base 12. During a test 
procedure using the package 10, the eXposed surface of the 
mounting paddle 38 improves heat transfer from the inter 
connect 18. 

[0047] Referring to FIGS. 6 and 6A, the interconnect 18 
is illustrated separately. The interconnect 18 includes pat 
terns of interconnect contacts 58 Which are con?gured to 
electrically connect to contacts 60 (FIG. 6A) on the com 
ponent 16. By Way of example, the component contacts 60 
can comprise thin ?lm bond pads, test pads or fuse pads on 
a bare die. In this case, the component contacts 60 are 
embedded in a passivation layer 88. 

[0048] The interconnect contacts 58 can be formed inte 
grally With a substrate 62 of the interconnect 18. Preferably, 
the substrate 62 comprises silicon, such that a coef?cient of 
thermal eXpansion (CTE) of the interconnect 18 matches 
that of components 16 formed of silicon. Alternately, ger 
manium, a glass material, or a ceramic material, can be used 
as the substrate material. 

[0049] The interconnect contacts 58 include penetrating 
projections 64 adapted to penetrate the component contacts 
58 to a limited penetration depth. In addition, the intercon 
nect contacts 58 include conductive layers 66 adapted to 
electrically contact the component contacts 58. The conduc 
tive layers 66 are in electrical communication With patterns 
of conductors 68 formed on a surface of the substrate 62. 
The conductors 68 include, or are in electrical communica 
tion With, the bond pads 52. An insulating layer 70 is formed 
on the substrate 62 to electrically insulate the conductors 68 
and conductive layers 66 from a bulk of the substrate 62. 
Further details of the interconnect 18, including methods of 
fabrication, are disclosed in US. Pat. No. 5,483,741, entitled 
“Method For Fabricating A Self Limiting Silicon Based 
Interconnect For Testing Bare Semicorductor Dice”, and 
US. Pat. No. 5,686,317, entitled “Method For Fabricating 
An Interconnect Having A Penetration Limited Contact 
Structure For Establishing A Temporary Electrical Connec 
tion With A Semiconductor Die”, both of Which are incor 
porated herein by reference. 

[0050] Referring to FIGS. 6B and 6C, an alternate 
embodiment interconnect 18A having interconnect contacts 
58A is illustrated. The interconnect contacts 58A are adapted 
to form electrical connections With bumped component 
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contacts 60A. For example, the bumped component contacts 
60A can comprise solder balls on a bumped die or chip scale 
package. 

[0051] The interconnect contacts 58A comprise recesses 
72 formed in an interconnect substrate 62A. The recesses 72 
are siZed and shaped to retain the bumped component 
contacts 60A. The interconnect contacts 58A also include 
conductive layers 66A covering the recesses 72, and pen 
etrating projections 64A formed Within the recesses 72. The 
conductive layers 66A are in electrical communication With 
conductors (not shoWn) equivalent to the conductors 68 
(FIG. 6) previously described. The penetrating projections 
64A are con?gured to penetrate the bumped component 
contacts 60A. Insulating layers 18A insulate the conductive 
layers 66A. 

[0052] The interconnect contacts 58A also include con 
ductive vias 74 in electrical communication With the con 
ductive layers 66A. The conductive vias 74 can include 
bumped terminal contacts 26A, such as solder balls. As Will 
be further explained, in an alternate embodiment carrier 10B 
(FIG. 9D), the bumped terminal contacts 26A form the 
terminal contacts for the carrier. 

[0053] One method for forming the conductive vias 74 
comprises laser machining openings in the substrate 62A, 
etching the openings (e.g., KOH or TMAH Wet etch), 
insulating the openings With insulating layer 70A, and then 
?lling the openings With a conductive material (e.g., metal 
or conductive polymer). The terminal contacts 26A can be 
attached to the conductive vias 74 by soldering, brazing, or 
Welding, pre-formed metal balls to the conductive vias 74. 
Alternately, a ball bumper apparatus can be used to attach 
pre-formed metal balls to the conductive vias 74 to form the 
bumped terminal contacts 26A. 

[0054] Further details of the interconnect 18A, intercon 
nect contacts 58A, and conductive vias 74, including meth 
ods of fabrication, are described in US. patent application 
Ser. No. 08/993,965 ?led Dec. 18, 1997, entitled “Semicon 
ductor Interconnect Having Laser Machined Contacts”, 
Which is incorporated herein by reference. A method for 
fabricating the interconnect contacts 58A is also described in 
US. patent application Ser. No. 08/829,193, ?led Mar. 31, 
1997 entitled “Interconnect Having Recessed Contact Mem 
bers For Testing Semiconductor Dice And Packages With 
Contact Bumps”, Which is incorporated herein by reference. 

[0055] Referring to FIG. 6D, an alternate embodiment 
interconnect 18B includes interconnect contacts 58B. The 
interconnect contacts 58B comprise metal microbumps 
formed on polymer tape 76 similar to multi layered TAB 
tape. In this embodiment a compliant adhesive layer 78 
attaches the polymer tape 76 to a substrate 62B of the 
interconnect 18B. In addition, conductors 68B equivalent to 
conductors 68 (FIG. 6) can comprise metal foil laminated to 
the polymer tape 76. Further details of the interconnect 10B, 
and interconnect contacts 58B, including methods of fabri 
cation, are described in US. Pat. No. 5,678,301 entitled 
“Method For Forming An Interconnect For Testing Unpack 
aged Semiconductor Dice”. 

[0056] Referring to FIGS. 7A-7F, steps in a method for 
fabricating the carrier 10 are illustrated. Initially, the inter 
connect 18 can be provided With contacts 58, conductors 68 
and bonding pads 52, substantially as shoWn in FIG. 6. In 
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addition, the lead frame 14 With lead ?ngers 40 and mount 
ing paddle 38 can be provided substantially as shoWn in 
FIG. 5. 

[0057] Next, as shoWn in FIG. 7A, the interconnect 18 can 
be attached to the mounting paddle 38 of the lead frame 14 
by forming the adhesive layer 54 betWeen the backside of 
the interconnect 18, and the surface of the mounting paddle 
38. The adhesive layer 54 can comprise a deposited elas 
tomer, as previously described, or an adhesive tape. The 
attaching step can be performed manually, or a conventional 
chip attach apparatus can be used. Also, additional adhesive 
layers 54A can be used to attach the lead ?ngers 40 on the 
lead frame 14 to a face of the interconnect 18. 

[0058] Next, as shoWn in FIG. 7B, a gasket 84 can be 
placed over the interconnect 18 and portions of the lead 
?ngers 40. The gasket 84 Will protect the surface of the 
interconnect 18, and the lead ?ngers 40, during a subsequent 
encapsulation step. In FIG. 5, the inner dotted rectangle 
represents a peripheral outline of the gasket 84. In the 
embodiment of FIG. 7B, the gasket 84 comprises an elas 
tomeric material, such as silicone, that can be easily 
removed from the interconnect 18 folloWing the molding 
step. Alternately, as Will be further explained, the gasket 84 
can comprise a deposited and cured polymer layer, such as 
a thick ?lm resist. Still further, the gasket 84 can comprise 
a removable plate con?gured to protect the interconnect 18 
and portions of the lead ?ngers 40. 

[0059] Next, as shoWn in FIG. 7C, an injection mold 82 
can be used to mold the carrier base 12 to the lead frame 14. 
A conventional molding apparatus adapted to form plastic 
semiconductor packages can be used to perform the molding 
step. The carrier base 12 forms on either side of the lead 
?ngers 40 in a shape Which is determined by the mold 82. 
The carrier base 12 can include all of the features as shoWn 
in FIGS. 1-3 including a siZe and outline corresponding to 
a conventional semiconductor package. 

[0060] In addition to forming the carrier base 12, the 
molding step molds the interconnect 18 into the carrier base 
12. Only the surface of the interconnect 18, Which is 
protected by the gasket 84, remains unencapsulated by the 
molded base 12. 

[0061] Next as shoWn in FIG. 7D, the lead frame 14 can 
be removed from the mold 82. As shoWn in FIG. 7E, the 
gasket 84 can then be removed from the interconnect 18. 
Removal of the gasket 84 can be accomplished using a 
suitable tool. If the gasket 84 comprises a deposited and 
cured material, removal can be With a Wet etchant that Will 
strip the gasket 84 Without harming the interconnect 18. 

[0062] Next, as shoWn in FIG. 7F, the Wires 80 can be 
Wire bonded to the bonding pads 52 (FIG. 6) on the 
interconnect 18, and to the lead ?ngers 40 on the lead frame 
14. A conventional Wire bonder can be used to perform the 
Wire bonding step. Prior to the Wire bonding step it may be 
necessary to clean the surface of the interconnect 18 With a 
cleaning agent that Will remove contaminants. It may also be 
necessary to remove any mold ?ash that could affect the Wire 
bonds. 

[0063] FolloWing Wire bonding, a trim and form step can 
be performed to shape the exposed portions of the lead 
?ngers 40 into the terminal leads 26 (FIG. 1) for the carrier 
10. In addition, the lead frame 14 can be cut into a plurality 



US 2001/0043074 A1 

of separate carriers 10. In each of the illustrative steps, 
conventional equipment, used to form conventional plastic 
semiconductor packages, can be employed. 

[0064] Referring to FIGS. 8A-8E, steps in a method for 
fabricating an alternate embodiment carrier 10A (FIG. 8E) 
are illustrated. Initially as shoWn in FIG. 8A, the intercon 
nect 18 can be attached to the mounting paddle 38 of the lead 
frame 14 using the adhesive layer 54. 

[0065] Next, as shoWn in FIG. 8B, the Wires 80 can be 
Wire bonded to the bonding pads 52 (FIG. 6) on the 
interconnect 18 and to the lead ?ngers 40 on the lead frame 
14. 

[0066] Next, as shoWn in FIG. 8C, a polymer layer 86 can 
be formed on the face of the interconnect 18. As With the 
gasket 84 (FIG. 7B), the polymer layer 86 Will protect the 
interconnect 18 during a subsequent molding step. One 
suitable polymer for forming the polymer layer 86 com 
prises a thick ?lm resist sold by Shell Chemical under the 
trademark “EPON RESIN SU-8”. The resist also includes an 
organic solvent (e.g., gamma-butyloracton), and a photoini 
tiator. The resist can be deposited to a thickness of from 
about 3-50 mils. A conventional resist coating apparatus, 
such as a spin coater, or a meniscus coater, along With a 
mask or stencil, can be used to deposit the resist in viscous 
form onto the interconnect 18. The deposited resist can then 
be hardened by heating to about 95° C. for about 15 minutes 
or longer. 

[0067] Next, as shoWn in FIG. 8D, 21 plastic base 12A can 
be molded to the lead frame 14 and the interconnect 18, 
substantially as previously described for base 12 in FIG. 7C. 
During the molding step, the polymer layer 86 protects the 
interconnect 18, particularly the interconnect contacts 58 
(FIG. 6). HoWever, in this embodiment the Wires 80 can be 
encapsulated Within the plastic base 12A. 

[0068] Next, as shoWn in FIG. 8E, the polymer layer 86 
can be stripped to complete the carrier 10A. A suitable Wet 
etchant for stripping the previously described resist formu 
lation is a solution of PGMEA (propyleneglycol-monom 
ethyletheracetate). 
[0069] Referring to FIGS. 9A-9D, steps in a method for 
fabricating an alternate embodiment carrier 10B (FIG. 9D) 
are illustrated. Initially, an interconnect 18A fabricated as 
previously shoWn and described in FIG. 6B is provided. The 
interconnect 18A includes recessed interconnect contacts 
58A and conductive vias 74 also as previously described. In 
addition, lead frame 14A having lead ?ngers 40A is pro 
vided. Preferably the lead frame 14A has a lead on chip 
con?guration in Which the lead ?ngers 40A rather than a 
mounting paddle support the interconnect 18A. 

[0070] As shoWn in FIG. 9A, the interconnect 18A can be 
attached to the lead ?ngers 40A by forming an adhesive 
layer 54A therebetWeen. 

[0071] Next, as shoWn in FIG. 9B, a polymer layer 86 can 
be formed as previously described to protect the intercon 
nect 18A and interconnect contacts 58A. 

[0072] Next, as shoWn in FIG. 9C, a plastic body 12B can 
be formed using a molding process as previously described. 
Again the interconnect 18A is molded into the body 12B, but 
in this embodiment the back side of the interconnect 18A is 
exposed. FolloWing encapsulation, the terminal contacts 
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26A such as solder or conductive polymer balls, can be 
formed on the conductive vias 74. The terminal contacts 26A 
can be attached by soldering, braZing or Welding preformed 
balls, or by attaching pre-formed balls using a ball bumper 
apparatus. Advantageously, the terminal contacts 26A can be 
formed in a dense array on the interconnect 18A, such as a 

ball grid array (BGA), or a ?ne ball grid array (FBGA). 

[0073] Also in this embodiment, the lead ?ngers 40A 
provide a structural function, but do not necessarily provide 
an electrical function. Electrical communication from the 
outside can be through the terminal contacts 26A and 
conductive vias 74 to the contacts 58A. HoWever, if desired, 
the lead ?ngers 40A can be electrically connected to select 
contacts 58A, such as to provide poWer or ground connec 
tions. In this case an electrically conductive polymer, such 
as a Z-axis epoxy can be used to electrically connect the lead 
?ngers 40A to conductors in electrical communication With 
the contacts 58A. 

[0074] Next, as shoWn in FIG. 9D the polymer layer 86 
can be stripped, as previously described to complete the 
carrier 10B. 

[0075] Referring to FIGS. 10A and 10B, an alternate 
embodiment carrier 10C is illustrated. The carrier 10C 
comprises a board 90 containing a plurality of interconnects 
18C. The interconnects 18C are molded, or laminated, to the 
board 90 and include interconnect contacts 58A formed as 
previously described. The interconnect contacts 58A are in 
electrical communication With an electrical connector 94, 
such as an edge connector, formed on the board 90. Surface 
conductors (not shoWn) on the board 90, or internal con 
ductors (not shoWn) Within the board 90 electrically connect 
the interconnect contacts 58A to the electrical connector 94 
on the board 90. In addition, Wire bonds as previously 
described, can be used to electrically connect the intercon 
nect contacts to the electrical connector 94, or to conductors 
in electrical communication With the electrical connector 94. 
Also gaskets, or deposited polymer layers, can be used to 
protect the interconnects 18C during molding or lamination 
of the board. 

[0076] In the illustrative embodiment, the board 90 com 
prises a glass ?lled resin such as an epoxy glass (FR-4), a 
polyimide glass or a cyanate-glass material. In addition to 
being electrically insulating and structurally rigid, these 
materials can be laminated, cured, and then metalliZed using 
deposition and photolithography processes. Also, required 
features can be punched or machined using processes 
employed in the fabrication of printed circuit boards (PCB), 
and other electronic devices. 

[0077] Alternately, rather than the above materials, the 
board 90 can comprise an electronics grade plastic, such as 
polyetherimide (PES), polyethersulfone (PES), polyether 
ether ketone (PEEK), polyphenylene sul?de (PPS), or a 
liquid crystal polymer (LCP). With these plastics the board 
90 can be shaped and metalliZed using a molding process 
such as 3-D injection molding. 

[0078] Alternately, the board 90 can comprise ceramic. 
With ceramic, a ceramic lamination and metalliZation pro 
cess can be used to construct the board 90. As another 

alternative, the board 90 can comprise silicon, or other 
semiconducting material. With silicon, etching, microma 
chining, and metalliZation processes used for semiconductor 
circuit fabrication can be uses to construct the board 90. 
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[0079] As shown in FIG. 10B, a lid 22C and a spring 20C, 
are associated With each interconnect 18C. The lids 22C and 
springs 20C can be formed substantially as previously 
described for lid 22 (FIG. 1A) and spring 20 (FIG. 1A). In 
addition, a vacuum passage 96 can be formed through the lid 
22C and the spring 20C for retaining a component 16A for 
assembly on the board 90. 

[0080] As shoWn in FIG. 10B, the board 90 also includes 
a plurality of clip members 92 associated With each inter 
connect 18C. The clip members 92 comprise resilient metal 
or plastic members that can either be molded integrally With 
the board, or attached With suitable fasteners. With the 
component 16A placed on the interconnect 18C, the clip 
members 92 hold the component 16A in place for testing. 

[0081] The component 16A can be assembled to the spring 
20C, and aligned With the interconnect 18C using optical 
alignment techniques. U.S. Pat. No. 5,634,267, entitled 
“Method And Apparatus For Manufacturing KnoWn Good 
Semiconductor Die”, Which is incorporated herein by ref 
erence, describes a method of optical alignment. 

[0082] Thus the invention provides an improved semicon 
ductor carrier and method of fabrication. Although the 
invention has been described With reference to certain 
preferred embodiments, as Will be apparent to those skilled 
in the art, certain changes and modi?cations can be made 
Without departing from the scope of the invention, as de?ned 
by the folloWing claims. 

We claim: 
1. A test carrier for a semiconductor component compris 

ing: 

a lead frame; 

an interconnect attached to the lead frame, the intercon 
nect comprising a plurality of ?rst contacts con?gured 
to electrically engage a plurality of second contacts on 
the component; and 

a plastic base con?gured to retain the component, the base 
being molded to the lead frame and to the interconnect. 

2. The carrier of claim 1 Wherein the lead frame comprises 
a doWnset mounting paddle Wherein the interconnect is 
attached. 

3. The carrier of claim 1 Wherein the lead frame comprises 
a plurality of lead ?ngers Wire bonded to the interconnect. 

4. The carrier of claim 1 Wherein the second contacts 
comprise planar pads and the ?rst contacts comprise raised 
members and penetrating projections covered With conduc 
tive layers. 

5. The carrier of claim 1 Wherein the second contacts 
comprise balls and the ?rst contacts comprise recesses 
covered With conductive layers. 

6. A test carrier for a semiconductor component compris 
mg: 

a lead frame comprising a mounting paddle and a plurality 
of lead ?ngers; 

an interconnect attached to the mounting paddle, the 
interconnect comprising a plurality of ?rst contacts 
con?gured to electrically engage a plurality of second 
contacts on the component, the ?rst contacts in elec 
trical communication With the lead ?ngers; and 
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a plastic base con?gured to retain the component, the base 
being molded to the lead frame and to the interconnect. 

7. The test carrier of claim 6 Wherein the mounting paddle 
includes a doWnset segment to provide an offset for the 
mounting paddle relative to the lead ?ngers. 

8. The test carrier of claim 6 further comprising a lid 
con?gured for attachment to the base and a spring con?g 
ured to bias the component against the interconnect. 

9. The test carrier of claim 6 Wherein the component 
comprises a bare die. 

10. The test carrier of claim 6 Wherein the component 
comprises a chip scale package. 

11. A test carrier for a semiconductor component com 
prising: 

a lead frame comprising a mounting paddle and a plurality 
of lead ?ngers; 

an interconnect attached to the mounting paddle, the 
interconnect comprising a substrate With a plurality of 
?rst contacts con?gured to electrically engage a plu 
rality of second contacts on the component, the ?rst 
contacts in electrical communication With conductors 
on the substrate; 

a plurality of Wires bonded to the lead ?ngers and to the 
interconnect in electrical communication With the con 

ductors; 
a plastic base con?gured to retain the component, the base 

molded to the lead frame and to the interconnect; and 

a plurality of terminal leads on the base comprising 
exposed portions of the lead ?ngers. 

12. The test carrier of claim 11 Wherein the substrate 
comprises silicon and the ?rst contacts comprise etched 
pillars covered With conductive layers. 

13. The test carrier of claim 11 Wherein the interconnect 
comprises a polymer tape attached to the substrate, and the 
?rst contacts comprise microbumps mounted to the tape. 

14. The test carrier of claim 11 Wherein the ?rst contacts 
comprise recesses formed in the substrate having projections 
therein for penetrating the second contacts. 

15. The test carrier of claim 11 Wherein the mounting 
paddle is offset With respect to the lead ?ngers and has an 
eXposed surface on the base. 

16. The test carrier of claim 11 Wherein the plastic base 
encapsulates the Wires. 

17. A test carrier for a semiconductor component having 
bumped contacts comprising: 

a lead frame; 

an interconnect attached to the lead frame, the intercon 
nect comprising a substrate With a plurality of contacts 
and conductive vias in electrical communication With 
the contacts, the contacts comprising recesses covered 
With conductive layers and con?gured to electrically 
engage the bumped contacts; 

a plurality of eXternal contacts on the interconnect in 
electrical communication With the conductive vias; 

a plastic base con?gured to retain the component, the base 
being molded to the lead frame and to the interconnect. 

18. The test carrier of claim 17 Wherein the component 
comprises a chip scale package, and the bumped contacts 
comprise solder balls in a ball grid array or ?ne ball grid 
array. 
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19. A test carrier for semiconductor components compris 
ing: 

a board having an electrical connector; 

a plurality of interconnects attached to the board, each 
interconnect comprising a substrate molded to the 
board and having a plurality of ?rst contacts thereon 
con?gured to electrically engage a plurality of second 
contacts on the component, the ?rst contacts in elec 
trical communication With the electrical connector; and 

a plurality of clip members attached to the board con?g 
ured to retain the components on the interconnects. 

20. The carrier of claim 19 Wherein the board comprises 
molded plastic. 

21. The carrier of claim 19 Wherein the board comprises 
laminated glass resin material. 

22. A method for fabricating a test carrier for semicon 
ductor components comprising: 

providing a lead frame; 

providing an interconnect comprising a plurality of ?rst 
contacts con?gured to electrically engage a plurality of 
second contacts on the component; 

attaching the interconnect to the lead frame; and 

molding a plastic body to the lead frame and to the 
interconnect. 

23. The method of claim 22 Wherein the lead frame 
comprises a doWnset mounting paddle Wherein the intercon 
nect is attached. 

24. The method of claim 22 Wherein the lead frame 
comprises a plurality of lead ?ngers Wire bonded to the 
interconnect. 

25. The method of claim 22 Wherein the lead frame 
comprises a plurality of lead ?ngers and further comprising 
electrically connecting the lead ?ngers to the ?rst contacts 
and forming eXposed portions of the lead ?ngers into 
terminal leads. 

26. A method for fabricating a test carrier for semicon 
ductor components comprising: 

providing a lead frame comprising a mounting paddle and 
a plurality of lead ?ngers; 

providing an interconnect comprising a plurality of ?rst 
contacts con?gured to electrically engage a plurality of 
second contacts on the component; 

attaching the interconnect to the mounting paddle; 

molding a plastic body to the lead frame and to the 
interconnect; 

bonding Wires to the lead ?ngers and to the interconnect 
in electrical communication With the ?rst contacts; and 

forming eXposed portions of the lead ?ngers into terminal 
contacts. 

27. The method of claim 26 Wherein the mounting paddle 
comprises a doWnset segment for offsetting the mounting 
paddle With respect to the lead ?ngers. 

28. The method of claim 26 further comprising placing a 
gasket on the interconnect and on portions of the lead ?ngers 
prior to the molding step and removing the gasket folloWing 
the molding step. 

29. The method of claim 26 further comprising depositing 
a polymer layer on the interconnect and on portions of the 
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lead ?ngers prior to the molding step and stripping the 
polymer layer folloWing the molding step. 

30. The method of claim 26 Wherein at least some of the 
lead ?ngers overlap the interconnect. 

31. A method for fabricating a test carrier for semicon 
ductor components comprising: 

providing a lead frame comprising a mounting paddle and 
a plurality of lead ?ngers; 

providing an interconnect comprising a plurality of ?rst 
contacts con?gured to electrically engage a plurality of 
second contacts on the component; 

attaching the interconnect to the mounting paddle; 

covering at least a portion of the interconnect With a 
gasket or a polymer layer; 

molding a plastic body to the lead frame and to the 
interconnect; 

removing the gasket or the polymer layer; and 

bonding Wires to the lead ?ngers and to the interconnect 
in electrical communication With the ?rst contacts. 

32. The method of claim 31 Wherein the polymer layer 
comprises a thick ?lm resist. 

33. The method of claim 31 Wherein the bonding step is 
performed prior to the molding step and the Wires are 
encapsulated in the plastic body. 

34. A method for fabricating a test carrier for semicon 
ductor components comprising: 

providing a plurality of interconnects, each interconnect 
comprising a plurality of ?rst contacts con?gured to 
electrically engage a plurality of second contacts on the 
component; 

molding or laminating a board having an electrical con 
nector to the interconnects leaving the ?rst contacts on 
the interconnects eXposed; and 

electrically connecting the ?rst contacts on the intercon 
nects to the electrical connector. 

35. The method of claim 34 further comprising attaching 
clip members to the board con?gured to retain the compo 
nents on the interconnects. 

36. The method of claim 34 Wherein the board comprises 
a material selected from the group consisting of plastics and 
glass ?lled resins. 

37. A method for fabricating a test carrier for a semicon 
ductor component comprising: 

providing an interconnect comprising a substrate With a 
plurality of contacts and conductive vias in electrical 
communication With the contacts; 

molding a plastic base to the interconnect; and 

forming a plurality of terminal contacts on the intercon 
nect in electrical communication With the conductive 
vias. 

38. The method of claim 37 Wherein the contacts com 
prise recesses covered With conductive layers and con?g 
ured to electrically engage the second contacts. 

39. The method of claim 37 Wherein the terminal contacts 
comprise balls in a ball grid array or a ?ne ball grid array. 
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40. The method of claim 37 further comprising providing 
a lead frame, attaching the lead frame to the interconnect, 
and molding the plastic base to the lead frame and inter 
connect. 

41. The method of claim 37 further comprising covering 
at least a portion of the interconnect prior to the molding 
step. 

42. The method of claim 37 further comprising depositing 
a polymer layer on the interconnect prior to the molding 
step, and removing the polymer layer folloWing the molding 
step. 

43. A test system for a semiconductor component com 
prising: 

test circuitry con?gured to generate and analyZe test 
signals; 

a carrier con?gured to retain the component, the carrier 
comprising: 
a lead frame comprising a mounting paddle and a 

plurality of lead ?ngers; 

an interconnect attached to the mounting paddle, the 
interconnect comprising a substrate With a plurality 
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of ?rst contacts con?gured to electrically engage a 
plurality of second contacts on the component, the 
?rst contacts in electrical communication With the 
lead ?ngers; 

a plastic base con?gured to retain the component, the 
base molded to the lead frame and to the intercon 
nect; and 

a plurality of terminal leads on the base comprising 
eXposed portions of the lead ?ngers, the terminal 
leads in electrical communication With the test cir 
cuitry. 

44. The test system of claim 43 Wherein the mounting 
paddle comprises a doWnset segment for offsetting the 
mounting paddle With respect to the lead ?ngers. 

45. The test system of claim 43 Wherein the second 
contacts comprise balls and the ?rst contacts comprise 
recesses con?gured to retain the balls. 


