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(57) ABSTRACT 

Alead-frame-based chip-scale package (CSP) structure and 
a method of manufacturing the same are proposed. The 
proposed CSP structure is characterized in the use of a 
specially-designed lead frame having an inner-lead part and 
an outer-lead part, With each inner lead being formed With a 
deformed portion. During the encapsulation process, an 
epoxy molding compound (EMC) is formed to encapsulate 
the semiconductor die and the inner-lead part. By the 
proposed CSP structure, both sides of the inner-lead part can 
be Wrapped by the EMC due to it being raised by the 
deformed portion to Within the EMC. As a result, during the 
lead-singulation process, the inner-head part can be ?rmly 
supported in position, thereby reducing the occurrence of 
micro cracks in the EMC above the inner-lead part that 
Would otherWise occur in the prior art. 
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LEAD-FRAME-BASED CHIP-SCALE PACKAGE 
AND METHOD OF MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to integrated circuit (IC) 
packages, and more particularly, to a lead-frame-based chip 
scale package (CSP) and a method of manufacturing the 
same. 

[0003] 2. Description of Related Art 

[0004] A chip-scale package (CSP), as the name implies, 
is an IC package Whose overall siZe is nearly the same as tie 
semiconductor chip packed therein. A CSP structure that is 
based on a lead frame for the attachment of the chip is 
customarily referred to as a lead-frame-based chip-scale 
package (hereinafter abbreviated as L/F-based CSP struc 
ture). 
[0005] Conventionally, many various types of L/F-based 
CSP structures have been proposed and introduced to the 
market. For eXample, Fujitsu introduces a SON (Small 
Outline Non-Leaded) type of CSP structure; LG Semicon 
introduces a BLP (Bottom Leaded Plastic) type of CSP 
structure; Matsushita introduces a QFN (Quad Flat Non 
Leaded) type of CSP structure; and Toshiba introduces a 
QON (Quad Outline Non-Leaded) type of CSP structure, to 
name just a feW. All these types of CSP structures utiliZe a 
lead fame for chip attachment, and the inner leads of the lead 
frame have one side eXposed to the bottom outside of the 
package body for electrically coupling to the surface of an 
external circuit board through SMT (Surface-Mount Tech 
nology). 
[0006] One draWback to the forgoing types of L/F-based 
CSP structures, hoWever, is that during the lead-singulation 
process to punch aWay the outer-lead part of the lead frame, 
it Would easily cause micro cracks in the epoXy molding 
compound (EMC). This draWback is illustratively depicted 
in FIGS. 1A-1C Which respectively shoW a BLP type, a QFN 
type, and a QON type of CSP structure. 

[0007] Referring to FIG. 1A, the BLP type of CSP struc 
ture is based on a lead frame 10 for the attachment of a 
semiconductor die 11. The lead frame 10 is formed With an 
inner-lead part 10a and an outer-lead part 10b. After an EMC 
12 is formed to encapsulate the semiconductor die 11 and the 
inner-lead part 10a of the lead frame 10, a lead-singulation 
process is performed to punch aWay the eXposed outer-lead 
part 10b of the lead frame 10. The lead-singulation process, 
hoWever, Would cause micro cracks, as die part designated 
by the reference numeral 13, in the EMC 12 right above the 
encapsulated inner-lead part 10a. 

[0008] Referring to FIG. 1B, the QFN type of CSP 
structure is based on a lead frame 20 for the attachment of 
a semiconductor die 21. The lead frame 20 is formed With an 
inner-lead part 20a and an outer-lead part 20b. After an 
EMC 22 is formed to encapsulate the semiconductor die 21 
and the inner-lead part 20a of the lead frame 20, a lead 
singulation process is performed to punch aWay the eXposed 
outer-lead part 20b of the lead frame 20. The lead-singula 
tion process, hoWever, Would also cause micro cracks, as the 
part designed by the reference numeral 23, in the EMC 22 
right above the encapsulated inner-lead part 20a. 
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[0009] Referring to FIG. 1C, the QON type of CSP 
structure is based on a lead frame 30 for the attachment of 
a semiconductor die 31. The lead fame 30 is formed With an 
inner-lead part 30a and an outer-lead part 30b. After an 
EMC 32 is formed to encapsulate the semiconductor die 31 
and the inner-lead part 30a of the lead frame 30, a lead 
singulation process is performed to punch aWay the eXposed 
outer-lead part 30b of the lead frame 30 The lead-singulation 
process, hoWever, Would like Wise cause micro cracks; as the 
part designated by the reference numeral 33, in the EMC 32 
right above the encapsulated inner-lead part 30a. 

[0010] The occurrence of the above-mentioned micro 
cracks is due to the reason that the inner-lead part has only 
one side bonded to the EMC While the other side is eXposed 
to the bottom outside of the EMC. The eXposed side is hence 
lack of ?rm support against the punching force during the 
lead-singulation process. 

[0011] One solution to the foregoing problem is disclosed 
in Toshiba’s US. Pat. No. 5,703,407, Which is illustrated in 
FIG. 1D. As shoWn, this patented package structure is based 
on a lead frame 40 for the attachment of a semiconductor die 
41. The lead frame 40 is formed With an inner-lead part 40a 
and an outer-lead part 40b. Further, an EMC 42 is formed to 
encapsulate the semiconductor die 41 and the inner-lead part 
40a of the lead frame 40. After this, a lead-singulation 
process is performed to punch aWay the eXposed outer-lead 
part 40b of the lead frame 40. This patent is characteriZed in 
the step of performing a half-etching process on the inner 
lead part 40a of the lead frame 40, Which can help strengthen 
the bonding betWeen the EMC 42 and the top side of the 
inner-lead part 40a of the lead frame 40 so that it Would 
become more resistible against the punching force during 
the lead-singulation process. One draWback to this solution, 
hoWever, is that the half-etching technology is quite costly 
to use, and thus it Would considerably increase the overall 
manufacture cost of the IC package. 

SUMMARY OF THE INVENTION 

[0012] It is therefore an objective of this invention to 
provide an L/F-based CSP structure and a method of manu 
facturing the same, Which can help prevent the lead-singu 
lation process from causing micro cracks in the EMC. 

[0013] It is another objective of this invention to provide 
an L/F-based CSP structure and a method of manufacturing 
the same, Which can be implemented Without having to use 
the high-cost half-etching technology. 

[0014] In accordance With the foregoing and other objec 
tives, the invention proposes a neW CSP structure and a 
method of manufacturing this CSP structure. The proposed 
CSP structure comprises: a lead frame having a plurality of 
inner leads, With each inner lead being formed With a 
deformed portion; at least one semiconductor die mounted 
on the lead frame; a set of bonding Wires for electrically 
coupling the semiconductor die to the inner leads; and an 
EMC for encapsulating the semiconductor die, tie bonding 
Wires, and the inner leads, Wherein both sides of each inner 
lead can be Wrapped by the EMC due to each inner lead 
being raised by the deformed portion to Within the EMC. 
During the lead-singulation process, the outer-lead part of 
the lead frame is punched aWay. 

[0015] By the invention, both sides of the inner-lead part 
can be Wrapped by the EMC due to it being raised to a 
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predetermined height from the bottom side of the entire 
package body by the deformed portion. As a result, during 
the lead-singulation process, the inner-lead part can be 
?rmly supported in position, thereby reducing the occur 
rence of micro cracks in the EMC above the inner-lead part 
that Would otherWise occur in the prior art. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] The invention can be more fully understood by 
reading the following detailed description of the preferred 
embodiments, With reference made to the accompanying 
draWings, Wherein: 

[0017] FIGS. 1A-1D (PRIOR ART) are schematic sec 
tional diagrams respectively shoWing four examples of 
conventional L/F-based CSP structures that Would easily 
cause micro cracks in the EMC during lead-singulation 
process; 

[0018] FIGS. 2A-2F are schematic sectional diagrams 
shoWing various types of IC packages that are structured and 
manufactured according to the invention; and 

[0019] FIG. 3 is a schematic perspective diagram shoWing 
the structure of a specially-designed lead frame utiliZed by 
the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0020] This section discloses six embodiments of the 
invention implemented on different types of IC packages. 
Beside these embodiments, various others are possible 

[0021] First Preferred Embodiment (FIG. 2A) 

[0022] FIG. 2A shoWs an L/F-based CSP structure Which 
is manufactured in accordance With the invention. As shoWn, 
this CSP structure includes a specially-designed lead frame 
100 for the attachment of a semiconductor die 110. 

[0023] As shoWn in FIG. 3, the lead frame 100 is formed 
With an inner-lead part 101, a leg portion 102, an outer-lead 
part 103, and a die pad 104. The forming of the leg portion 
102 is a characteristic feature of the invention, Which is cut 
apart from each inner lead 101 and bent doWnWards aWay 
from the same by a predetermined doWn-set distance. 

[0024] The semiconductor die 110 is electrically coupled 
to the inner-lead part 101 of the lead frame 100 by means of 
a set of bonding Wires 120. Further, an epoxy molding 
compound (EMC) 130 is formed to encapsulate the semi 
conductor die 110, the inner-lead part 101 of the lead frame 
100, and the bonding Wires 120, While exposing the bottom 
side of the leg portion 102 and the Whole of the outer-lead 
part 103 of the lead frame 100. The exposed leg portion 102 
Will be later used to electrically couple the encapsulated 
semiconductor die 110 to the surface of an external circuit 
board (not shoWn) through SMT (Surface-Mount Technol 
ogy) 
[0025] During the subsequent lead-singulation process, 
the exposed outer-lead part 103 of the lead frame 100 is 
punched aWay. By the invention, both sides of the inner-lead 
part 101 can be Wrapped by the EMC 130 due to it being 
raised to a predetermined height from the bottom side of the 
entire package body by the leg portion 102. As a result, 
during the lead-singulation process, the inner-lead part 101 
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can be ?rmly supported in position, thereby reducing the 
occurrence of micro cracks in the EMC 130 above the 
inner-lead part 101 that Would otherWise occur in the prior 
art. 

[0026] Second Preferred Embodiment (FIG. 2B) 

[0027] FIG. 2B shoWs a second preferred embodiment of 
the invention. As shoWn, this embodiment is an LOC (Lead 
On Chip) type of IC package, Which includes a specially 
designed lead frame 200 for the attachment of a semicon 
ductor die 210. 

[0028] The lead frame 200 is formed With an inner-lead 
part 201, a leg portion 202, and an outer-lead part 203. The 
leg portion 202 is shaped in the same manner as that shoWn 
in FIG. 3, Which is cut apart from each inner lead 201 and 
bent doWnWards aWay from the same by a predetermined 
doWnset distance. 

[0029] The semiconductor die 210 is electrically coupled 
to the inner-lead part 201 of the lead frame 200 by means of 
a set of bonding Wires 220. Further, an EMC 230 is formed 
to encapsulate the semiconductor die 210, the inner-lead part 
201 of the lead frame 200, and the bonding Wires 220, While 
exposing the bottom side of the leg portion 202 and the 
Whole of the outer-lead part 203 of the lead frame 200. The 
exposed leg portion 202 Will be later used to electrically 
couple the encapsulated semiconductor die 210 to the sur 
face of an external circuit board (not shoWn) through SMT. 

[0030] During the subsequent lead-singulation process, 
the exposed outer-lead part 203 of the lead frame 200 is 
punched aWay. By the invention, both sides of the inner-lead 
part 201 can be Wrapped by the EMC 230 due to it being 
raised to a predetermined height from the bottom side of the 
entire package body by the leg portion 202. As a result, 
during the lead-singulation process, the inner-lead part 201 
can be ?rmly supported in position, thereby reducing the 
occurrence of micro cracks in the EMC 230 above the 
inner-lead part 201 that Would otherWise occur in the prior 
art. 

[0031] Third Preferred Embodiment (FIG. 2C) 

[0032] FIG. 2C shoWs a third preferred embodiment of 
the invention. As shoWn, this embodiment is a QFN (Quad 
Flat Non-Leaded) type of IC package, Which includes a 
specially designed lead frame 300 for the attachment of a 
semiconductor die 310. 

[0033] The lead frame 300 is formed With an inner-lead 
part 301, a leg portion 302, an outer-lead part 303, and a die 
pad 304. The leg portion 303 is shaped in the same manner 
as that shoWn in FIG. 3, Which is cut apart from each inner 
lead 301 and bent doWnWards aWay from the same by a 
predetermined doWnset distance. 

[0034] The semiconductor die 310 is electrically coupled 
to the inner-lead part 301 of the lead frame 300 by means of 
a set of bonding Wires 320. Further, an EMC 330 is formed 
to encapsulate the semiconductor die 310, the inner-lead part 
301 of the lead frame 300, and the bonding Wires 320, While 
exposing the bottom side of the leg portion 302 and the 
Whole of the outer-lead part 303 of the lead frame 300. The 
exposed leg portion 302 Will be later used to electrically 
couple the encapsulated semiconductor die 310 to the sur 
face of an external circuit board (not shoWn) through SMT. 
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[0035] During the subsequent lead-singulation process, 
the exposed outer-lead part 303 of the lead frame 300 is 
punched away. By the invention, both sides of the inner-lead 
part 301 can be Wrapped by the EMC 330 due to it being 
raised to a predetermined height from the bottom side of the 
entire package body by the leg portion 302. As a result 
during the lead-singulation process, the inner-lead part 301 
can be ?rmly supported in position, thereby reducing the 
occurrence of micro cracks in the EMC 330 above the 
inner-lead part 301 that Would otherWise occur in the prior 
art. 

[0036] Fourth Preferred Embodiment (FIG. 2D) 

[0037] FIG. 2D shoWs a fourth preferred embodiment of 
the invention. As shoWn, this embodiment is a chip-exposed 
type of IC package, Which includes a specially designed lead 
frame 400 for the attachment of a semiconductor die 410 
Whose back side is exposed to the outside of the package 
body. The lead time 400 is formed With an inner-lead part 
401, a leg portion 402, and an outer-lead part 403. The leg 
portion 402 is shaped in the same manner as that shoWn in 
FIG. 3, Which is cut apart from each inner lead 401 and bent 
doWnWards aWay from the same by a predetermined 
doWnset distance. 

[0038] The semiconductor die 410 is electrically coupled 
to the inner-lead part 401 of the lead frame 400 by means of 
a set of bonding Wires 420. Further, an EMC 430 is formed 
to encapsulate the semiconductor die 410, the inner-lead part 
401 of the lead frame 480, and the bonding Wires 420, While 
exposing the bottom side of the leg portion 402 and the 
Whole of the outer-lead part 403 of the lead frame 400. The 
exposed leg portion 402 Will be later used to electrically 
couple the encapsulated semiconductor die 410 to the sur 
face of an external circuit board (not shoWn) through SMT. 

[0039] During the lead-singulation process, the exposed 
outer-lead part 403 of the lead frame 400 is punched aWay. 
By the invention, both sides of the inner-lead part 401 can 
be Wrapped by the EMC 430 due to it being raised to a 
predetermined height from the bottom side of the entire 
package body by the leg portion 402. As a result during the 
lead-singulation process, the inner-lead part 401 can be 
?rmly supported in position, thereby reducing the occur 
rence of micro cracks in the EMC 430 above the inner-lead 
part 401 that Would otherWise occur in the prior art. 

[0040] Fifth Preferred Embodiment (FIG. 2E) 

[0041] FIG. 2E shoWs a ?fth preferred embodiment of the 
invention. As shoWn, this embodiment is a type of IC 
package Which is based on a specially designed lead frame 
500 having no die pad for the attachment of a semiconductor 
die 510. The lead frame 500 is formed With an inner-lead 
part 501, a leg portion 502, and an outer-lead part 503. The 
leg portion 502 is shaped in the same manner as that shoWn 
in FIG. 3, Which is cut apart from each inner lead 501 and 
bent doWnWards aWay from the same by a predetermined 
doWnset distance. 

[0042] The semiconductor die 510 is electrically coupled 
to the inner-lead part 501 of the lead frame 500 by means of 
a set of bonding Wires 520. Further, an EMC 530 is formed 
to encapsulate the semiconductor die 510, the inner-lead part 
501 of the lead frame 500, and the bonding Wires 520, While 
exposing the bottom side of the leg portion 502 and the 
Whole of the outer-lead part 503 of the lead frame 500. The 
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exposed leg portion 502 Will be later used to electrically 
couple the encapsulated semiconductor die 510 to the sur 
face of an external circuit board (not shoWn) through SMT. 

[0043] During the lead-singulation process, the exposed 
outer-lead part 503 of the lead frame 500 is punched aWay. 
By the invention, both sides of the inner-lead part 501 can 
be Wrapped by the EMC 530 due to it being raised to a 
predetermined height from the bottom side of the entire 
package body by the leg portion 502. As a result, during the 
lead-singulation process, the inner-lead part 501 cam be 
?rmly supported in position, thereby reducing the occur 
rence of micro cracks in the EMC 530 above the inner-lead 
part 501 that Would otherWise occur in the prior art. 

[0044] Sixth Preferred Embodiment (FIG. 2B 

[0045] FIG. 2F shoWs a sixth preferred embodiment of 
the invention. As shoWn, this embodiment is a type of IC 
package Which includes a specially designed lead frame 600 
for the attachment of a semiconductor die 610. 

[0046] The lead frame 600 is formed With an inner-lead 
part 601, an outer-lead part 603, and a die pad 604. This lead 
frame 600 differs from those in the foregoing embodiment 
particularly in that a doWnWard-protruded portion 602 is 
formed on the bottom side of each inner lead 601 to a 
predetermined doWnset height. This doWnWard-protruded 
portion 602 is functionally equivalent to the leg portions 
used in the foregoing embodiments. 

[0047] The semiconductor die 610 is electrically coupled 
to the inner-lead part 601 of the lead frame 600 by means of 
a set of bonding Wires 620. Further, an EMC 630 is formed 
to encapsulate the semiconductor die 610, the inner-lead part 
601 of the lead frame 600, and the bonding Wires 620, While 
exposing the bottom side of the doWnWard-protruded por 
tion 602 and the Whole of the outer-lead part 603 of the lead 
frame 600, The exposed doWnWard-protruded portion 602 
Will be later used to electrically couple the encapsulated 
semiconductor die 610 to the surface of an external circuit 

board (not shoWn) through SMT. 

[0048] During the lead-singulation process, the exposed 
outer-lead part 603 of the lead frame 600 is punched aWay. 
By the invention, both sides of the inner-lead part 601 can 
be Wrapped by the EMC 630 due to it being raised to a 
predetermined height from the bottom side of the entire 
package body by the doWnWard-protruded portion 602. As a 
result, during the lead-singulation process, the inner-lead 
part 601 can be ?rmly supported in position, thereby reduc 
ing the occurrence of micro cracks in the EMC 630 above 
the inner-lead part 601 that Would otherWise occur in the 
prior art. 

[0049] Conclusion 

[0050] The invention has been described using exemplary 
preferred embodiments. HoWever, it is to be understood that 
the scope of the invention is not limited to the disclosed 
embodiments. On the contrary, it is intended to cover various 
modi?cations and similar arrangements. The scope of the 
claims, therefore, should be accorded the broadest interpre 
tation so as to encompass all such modi?cations and similar 
arrangements. 
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What is claimed is: 
1. An IC package, Which comprises: 

a lead frame having a plurality of inner leads, With each 
inner lead being formed With a deformed portion Which 
supports each inner lead at a predetermined height; 

at least one semiconductor die mounted on the lead frame; 

a set of bonding Wires for electrically coupling the semi 
conductor die to the inner leads; and 

an epoxy molding compound for encapsulating the semi 
conductor die, the bonding Wires, and the inner leads; 

Wherein both sides of each inner lead is Wrapped by the 
epoxy molding compound due to each inner lead being 
raised to the predetermined height by the deformed 
portion to Within the epoXy molding compound. 

2. The IC package of claim 1, Wherein the deformed 
portion of each inner lead is a cut-apart portion from the 
inner lead and Which is bent aWay from the inner lead by a 
predetermined doWnset distance. 

3. The IC package of claim 1, Wherein the deformed 
portion of each inner lead is a doWnWard-protruded portion 
from the inner lead. 

4. A method for manufacturing a CSP type of IC package, 
comprising the steps of: 

preparing a lead frame having an inner-lead part and an 
outer-lead part, With the inner-lead part including a 
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deformed portion Which supports the inner-lead part at 
a predetermined height; 

attaching at least one semiconductor die on the lead 

frame; 
performing a Wire-bonding process to electrically couple 

the semiconductor die to the inner-lead part of the lead 
frame; 

performing an encapsulation process to form an epoXy 
molding compound to encapsulate the semiconductor 
die, the bonding Wires, and the inner-lead part of the 
lead frame; Wherein both sides of the inner-lead part is 
Wrapped by the epoXy molding compound due to the 
inner-lead part being raised to the predetermined height 
by the deformed portion to Within the epoXy molding 
compound; and 

performing a lead-singulation process to punch aWay the 
eXposed outer-lead part of the lead frame. 

5. The method of claim 4, Wherein the deformed portion 
of each inner lead is a cut-apart portion from the inner lead 
and Which is bent aWay from the inner lead by a predeter 
mined doWnset distance. 

6. The method of claim 4, Wherein the deformed portion 
of each inner lead is a doWnWard-protruded portion from the 
inner lead. 


