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(57) ABSTRACT 

An advanced quad ?at non-leaded package structure includes 
a carrier, a chip and a molding compound. The carrier 
includes a die pad and a plurality of leads. The die pad has a 
central portion, a peripheral portion disposed around the cen 
tral portion and a plurality of connecting portions connecting 
the central portion and the peripheral portion. The central 
portion, the peripheral portion, and the connecting portions 
de?ne at least tWo holloW regions. The leads are disposed 
around the die pad. The chip is located Within the central 
portion of the die pad and electrically connected to the leads 
via a plurality of Wires. The molding compound encapsulates 
the chip, the Wires, inner leads and a portion of the carrier. 
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ADVANCED QUAD FLAT NON-LEADED 
PACKAGE STRUCTURE AND 

MANUFACTURING METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Us. 
A. provisional application Ser. No. 61/090,879, ?led on Aug. 
21, 2008. The entirety of the above-mentioned patent appli 
cation is hereby incorporated by reference herein and made a 
part of speci?cation. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to a package 
structure and a manufacturing method thereof. More particu 
larly, the present invention relates to an advanced quad ?at 
non-leaded (a-QFN) package structure and manufacturing 
method thereof. 
[0004] 2. Description of RelatedArt 
[0005] A quad ?at package (QFP) can be divided as I-type 
(QFI), J-type (QFJ) and non-lead-type (QFN) packages, 
according to the shape of the lead of leadframes. Since the 
QFN package structure has relatively shorter signal traces and 
a faster speed for signal transmission, it has become one 
popular choice for the package structures With loW pin count, 
and is suitable for the chip package With high-frequency (for 
example, radio frequency bandwidth) transmission. 
[0006] In general, in the manufacturing process of the QFN 
package structure, a plurality of chips is disposed on the 
leadframe and is electrically connected to the leadframe by 
means of a plurality of bonding Wires. Then, a molding com 
pound is forrned to encapsulate the leadframe, the chips and 
the bonding Wires. Finally, a plurality of QFN packages struc 
ture is formed through a singulation process. 

SUMMARY OF THE INVENTION 

[0007] The present invention is directed to an advanced 
quad ?at non-leaded package structure and a manufacturing 
method thereof having reduced of the die pad expo sure area to 
loWer the risk of delamination. 
[0008] In order to achieve the above object, the present 
invention provides an advanced quad ?at non-leaded package 
structure. The advanced quad ?at non-leaded package struc 
ture includes a carrier, a chip and a molding compound. The 
carrier has an upper surface and a loWer surface opposite to 
the upper surface. The carrier includes a die pad and a plural 
ity of leads. The die pad has a central portion, a peripheral 
portion and a plurality of connecting portions. The peripheral 
portion is disposed around the central portion. The connect 
ing portions connect the central portion and the peripheral 
portion. The connecting portions are separated from on 
another. The peripheral portion, the connecting portions and 
the central portion de?ne at least tWo holloW regions. The 
leads are disposed around the die pad, Wherein each of the 
leads includes an inner lead disposed over the upper surface 
and an outer lead disposed over the loWer surface. The chip is 
disposed on the upper surface of the carrier and located Within 
the central portion of the die pad, Wherein the chip is electri 
cally connected to the inner leads via a plurality of Wires. The 
molding compound encapsulates the chip, the Wires, the inner 
leads and a portion of the carrier. 
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[0009] According to an embodiment of the present inven 
tion, the peripheral portion of the die pad functions as a 
ground ring, Wherein the peripheral portion of the die pad is 
electrically connected to the chip via the Wires. 
[0010] According to an embodiment of the present inven 
tion, the carrier further includes at least a poWer ring, Wherein 
the poWer ring is disposed betWeen the leads and the periph 
eral portion of the die pad and electrically connected to the 
chip via Wires, and the poWer ring is electrically isolated from 
the ground ring. 
[0011] According to an embodiment of the present inven 
tion, the advanced quad ?at non-leaded package structure 
further includes an adhesive layer disposed betWeen the chip 
and the central portion of the die pad. 
[0012] According to an embodiment of the present inven 
tion, the central portion of the die pad has a polygonal shape. 
[0013] According to an embodiment of the present inven 
tion, the peripheral portion is connected to at least a side of the 
central portion through the connecting portions. 
[0014] According to an embodiment of the present inven 
tion, the peripheral portion is connected to at least a corner of 
the central portion through the connecting portions. 
[0015] According to an embodiment of the present inven 
tion, a material of the leads comprises gold or palladium. 
[0016] According to an embodiment of the present inven 
tion, a distance betWeen any tWo adjacent leads is greater than 
or equal to 400 micrometers. 
[0017] According to an embodiment of the present inven 
tion, the bottom surface of the central portion is coplanar With 
the bottom surface of the peripheral portion, While the upper 
surface of the central portion is not coplanar With the upper 
surface of the peripheral portion. 
[0018] According to an embodiment of the present inven 
tion, a distance betWeen the edge of the chip and the edge of 
the central portion is greater than or equal to 300 microme 
ters. 

[0019] The present invention further provides a manufac 
turing method of an advanced quad ?at non-leaded package 
structure, Which includes the folloWing steps. First, a carrier 
having a ?rst patterned metal layer formed on an upper sur 
face of the carrier, and a second patterned metal layer formed 
on a loWer surface of the carrier is provided. The carrier 
includes at least an accommodating cavity and a plurality of 
?rst opening. Next, a chip is provided. The chip is disposed on 
the central portion of the accommodating cavity and electri 
cally connected to the ?rst patterned metal layer of the carrier 
via a plurality of Wires. Then, a molding compound is formed 
to encapsulate the chip, the Wires, the ?rst patterned metal 
layer of the carrier, and ?ll the accommodating cavity and the 
?rst openings. After that, an etching process is performed to 
the loWer surface of the carrier using the second patterned 
metal layer as a mask, so as to the carrier is etched through to 
expose the molding ?lled inside the ?rst openings and simul 
taneously form a plurality of second openings and a plurality 
of third openings. 
[0020] According to an embodiment of the present inven 
tion, the carrier is de?ned into a plurality of leads and a die 
pad by the second openings folloWing the etching process. 
[0021] According to an embodiment of the present inven 
tion, the die pad is simultaneously de?ned into a central 
portion, a peripheral portion and a plurality of connecting 
portions by the third openings. 
[0022] According to an embodiment of the present inven 
tion, before the chip is provided, the manufacturing method of 
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an advanced quad ?at non-leaded package structure further 
includes forming an adhesive layer on the central portion of 
the accommodating cavity. 
[0023] Based on the above, according to the present inven 
tion, there are several holloW regions located in the die pad of 
the carrier, and the molding compound is exposed by the 
holloW regions. Hence, the contact area of the molding com 
pound and the die pad is decreased and the peeling issue 
betWeen the molding compound and the die pad due to 
uneven stress betWeen heterogeneous materials can be alle 
viated. On the other hand, the chip located on the central 
portion of the die pad is encapsulated and protected by the 
molding compound. 
[0024] In order to make the above and other features and 
advantages of the present invention more comprehensible, 
several embodiments accompanied With ?gures are described 
in detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are incor 
porated in and constitute a part of this speci?cation. The 
draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. 
[0026] FIG. 1A is a back-side vieW illustrating an advanced 
quad ?at non-leaded package structure according to an 
embodiment of the present invention. 
[0027] FIG. 1B is a cross-sectional vieW of the structure 
depicted in FIG. 1A along a line I-I'. 
[0028] FIG. 1C is a cross-sectional vieW of the structure 
depicted in FIG. 1A along a line II-II'. 
[0029] FIG. 2 is a back-side vieW illustrating an advanced 
quad ?at non-leaded package structure according to another 
embodiment of the present invention. 
[0030] FIGS. 3A through 3I are schematic cross-sectional 
vieWs illustrating a manufacturing method of an advanced 
quad ?at non-leaded package structure according to an 
embodiment of the present invention. Herein, the sub-dia 
grams (a) for FIG. 3H is schematic cross-sectional vieWs 
depicted in the process for FIG. 1A along the line H‘. The 
sub-diagrams (b) for FIG. 3H is schematic cross-sectional 
vieWs depicted in the process for FIG. 1A along the line II-II'. 

DESCRIPTION OF THE EMBODIMENTS 

[0031] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever pos 
sible, the same reference numbers are used in the draWings 
and the description to refer to the same or like parts. 
[0032] FIG. 1A is a back-side vieW illustrating an advanced 
quad ?at non-leaded package structure according to an 
embodiment of the present invention. FIG. 1B is a cross 
sectional vieW of the structure depicted in FIG. 1A along a 
line I-I'. FIG. 1C is a cross-sectional vieW of the structure 
depicted in FIG. 1A along a line II-II'. Referring to FIGS. 1A, 
1B and 1C, in the present embodiment, an advanced quad ?at 
non-leaded (a-QFN) package structure 100 includes a carrier 
200, a chip 300 and a molding compound 500. 
[0033] The carrier 200 in the present embodiment is, for 
example, a leadframe. In detail, the carrier 200 has an upper 
surface 210a and a loWer surface 210!) opposite to the upper 
surface 21011. The carrier 200 includes a die pad 220 and a 
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plurality of leads 230, Wherein the die pad 220 has a central 
portion 222, a peripheral portion 224 and a plurality of con 
necting portions 226. In FIG. 1A, four of the connecting 
portions 226 are schematically depicted. HoWever, the die 
pad 220 may include one or more connecting portions 226, 
and the number of the connecting portion(s) 226 is not limited 
by the examples herein. The peripheral portion 224 surrounds 
the central portion 222. The connecting portions 226 connect 
the central portion 222 and the peripheral portion 224. Since 
the connecting portion 226 are separated from one another, 
four holloW regions S are de?ned by the peripheral portion 
224, the connecting portions 226 and the central portion 222. 
The number of the holloW regions S is not limited by the 
examples herein, but is determined by the number of the 
connecting portion(s) 226 present in the carrier 200. 
[0034] In more details, the central portion 222 of the die pad 
220 in the present embodiment has a rectangular shape. The 
bottom surface 222!) of the central portion 222 is coplanar 
With the bottom surface 224!) of the peripheral portion 224, 
and the upper surface 22211 of the central portion 222 is not 
coplanar With the upper surface 22411 of the peripheral portion 
224. As shoWn in FIG. 1C, the upper surface 22411 of the 
peripheral portion 224 is higher than the upper surface 22211 
of the central portion 222. HoWever, the central portion 222 of 
the die pad 220 may be in a polygonal shape. The connecting 
portion 226 is arranged at either a side or a comer of the 
central portion 222. Speci?cally, the connecting portions 226 
in the present embodiment connect four sides of the central 
portion 222 With the peripheral portion 224. It should be 
noted that the location, the arrangement or the amount of the 
connecting portions 226 can be adjusted depending on the 
requirements of molding processes. In another embodiment 
according to the present invention, the die pad 220 only has 
tWo connecting portions 226, and the peripheral portion 224 
is connected to tWo comers of the central portion 222 through 
the connecting portions 226, as shoWn in FIG. 2. 
[0035] Referring to FIGS. 1A and 1B, the leads 230 are 
disposed around the die pad 220, Wherein each of the leads 
230 includes an inner lead 232 and an outer lead 234. For 
instance, the leads 230 canbe arranged along both sides of the 
die pad 220 or arranged around the die pad 220. The arrange 
ment of the leads 230 can be, for example, an array, multiple 
column or roWs, or arranged in the ring shape. The arrange 
ment of the leads 230 can be customiZed according to client’s 
request or product requests. The material of the leads 230 
comprises gold or palladium, for example. 
[0036] Further, the distance betWeen any tWo adjacent 
leads 230 is greater than or equal to 400 micrometers. 

[0037] The chip 300 is disposed in the central portion 222 
of the die pad 220 and on the upper surface 21011 of the carrier 
200. The chip 300 is electrically connected to the inner leads 
232 and the peripheral portion 224 via a plurality of Wires 
400. Further, a distance d betWeen the edge of the chip 300 
and the edge of the central portion 222 is greater than or equal 
to 300 micrometers. 

[0038] The molding compound 500 encapsulates the chip 
300, the Wires 400, the inner leads 232, a portion ofthe die pad 
220. In other Words, the outer leads 234 and the bottom 
surface of the die pad 220 is not covered by the molding 
compound 500. Further, the molding compound 500 is 
exposed by the holloW regions S of the die pad 220 and the 
gaps betWeen the leads 230. Due to the holloW regions S of the 
die pad 220, delamination betWeen the molding compound 
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500 and the die pad 220 is decreased. A material of the 
molding compound 500 is, for example, epoxy resin or other 
applicable polymer material. 
[0039] Furthermore, in the present embodiment, for the 
a-QFN package structure 100, the peripheral portion 224 of 
the die pad 220 may function as a ground ring, for example. 
Also, the carrier 200 may further include at least a poWer ring 
240. The poWer ring 240 is disposed betWeen the leads 230 
and the peripheral portion 224 of the die pad 220 and electri 
cally connected to the chip 300 via the Wires 400. The poWer 
ring 240 is electrically isolated from the ground ring 224. 
[0040] Moreover, the a-QFN package structure 100 in the 
present embodiment further includes an adhesive layer 600. 
The adhesive layer 600 is disposed betWeen the chip 300 and 
the central portion 222 of the die pad 220 for ?xing the chip 
300 to the central portion 222. 
[0041] In brief the a-QFN package structure 100/100a in 
the present embodiment has at least tWo holloW regions S 
located betWeen the peripheral portion 224 and the central 
portion 222 of the die pad 220, and the molding compound 
500 is exposed by holloW regions S. Hence, the peeling issue 
betWeen the molding compound 500 and the die pad 220 due 
to metal oxidation or uneven stress can be relieved. 

[0042] The process for manufacturing the a-QFN package 
structure 100 of the present invention is accordingly provided 
beloW for elaborating the process for manufacturing the 
a-QFN package structure 100 as indicated in FIGS. 3A 
through 31. 
[0043] FIGS. 3A through 31 are schematic cross-sectional 
vieWs illustrating a manufacturing method of an advanced 
quad ?at non-leaded package structure according to an 
embodiment of the present invention. Herein, the sub-dia 
grams (a) for FIG. 3H is schematic cross-sectional vieWs 
depicted in the process for FIG. 1A along the line H‘. The 
sub-diagrams (b) for FIG. 3H is schematic cross-sectional 
vieWs depicted in the process for FIG. 1A along the line 11-11‘. 
For the convenience of description, the poWer rings are omit 
ted in the present embodiment. 
[0044] As shoWn in FIG. 3A, a substrate 210 having the 
upper surface 210a and the loWer surface 210!) is provided. A 
material of the substrate 210 is, for example, copper, copper 
alloy, or other applicable metal materials. Next, still referring 
to the FIG. 3A, a ?rst patterned photoresist layer 21411 is 
formed on the upper surface 21011 of the substrate 210 and a 
second patterned photoresist layer 2141) is formed on the 
loWer surface 212!) of the substrate 210. 
[0045] Next, referring to the FIG. 3B, a ?rst metal layer 
21611 is formed on the exposed portion of the upper surface 
21011 of the substrate 210 and a second metal layer 2161) is 
formed on the exposed portion of the loWer surface 210!) of 
the substrate 210. In the present embodiment, a method of 
forming the ?rst metal layer 216a and the second metal layer 
2161) is, for example, plating. 
[0046] Next, referring to the FIG. 3C, the ?rst patterned 
photoresist layer 21411 is removed to form the ?rst patterned 
metal layer 21811 on the upper surface 21011 of the substrate 
210. 

[0047] Next, referring to the FIG. 3D, a portion of the 
substrate 210 is removed by performing an etching process 
using the ?rst patterned metal layer 21811 as an etching mask, 
so as to form at least an accommodating cavity 220a and a 
plurality of ?rst openings S1. Then, the second patterned 
photoresist layer 2141) is removed to form the second pat 
terned metal layer 2181) on the loWer surface 210!) of the 
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substrate 210. The individual portions of the ?rst patterned 
metal layer 218a separated from one another by the ?rst 
openings S1 Will subsequently be formed into a plurality of 
inner leads 232. The pattern of the ?rst patterned metal layer 
218a and that of the second patterned metal layer 2181) are not 
the same or are not symmetrical. At this stage, the carrier 200 
is roughly formed. 
[0048] Next, referring to the FIG. 3E, a chip 300 is provided 
to a central portion 222 of each of the accommodating cavities 
220a and an adhesive layer 600 is formed betWeen the chip 
300 and the central portion 222 of each accommodating cav 
ity 22011. The adhesive layer 600 disposed betWeen the chip 
300 and the central portion 222 of the accommodating cavi 
ties 220a can help ?xing the chip 300 to the central portion 
222. 

[0049] Next, referring to the FIG. 3F, the chips 300 are 
electrically connected to the to-be-formed inner leads 232 via 
the Wires 400. 

[0050] Next, referring to the FIG. 3G, a molding compound 
500 is formed to encapsulate the chips 300, the Wires 400, the 
to-be-formed inner leads 232, and ?ll the accommodating 
cavity 220a and the ?rst openings S1. 
[0051] Then, referring to the FIGS. 3H (a) and 3H (b), an 
etching process is performed to the exposed loWer surface 
210!) (as shoWn in FIG. 3G) of the carrier 200 using the 
second patterned metal layer 2181) as a mask, so as to etch 
through the exposed substrate 210 (i.e. the leadframe). There 
fore, the molding compound 500 inside the ?rst openings S1 
is exposed and a plurality of second openings S2 and a plu 
rality of third openings S3 are formed simultaneously. 
[0052] Speci?cally, due to the formation of the second 
openings S2, the substrate 210 is etched through, and the 
inner leads 232 and outer leads 234 are de?ned. The inner 
leads 232 are physically and electrically separated from one 
another by the ?rst openings S1. The outer leads 234 are 
physically and electrically separated from one another by the 
second openings S2. The third openings S3 de?ne the sub 
strate 210 Within each accommodating cavity 22011 to form 
the die pad 220 having the central portion 222, the peripheral 
portion 224 surrounding the central portion 222 and a plural 
ity of connecting portions 226. The connecting portions 226 
are separated from one another by the third openings S3. 

[0053] In more detail, the central portion 222 of the die pad 
220 is surrounded by the peripheral portion 224 and the 
connecting portions 226 connect the central portion 222 and 
the peripheral portion 224. As shoWn in FIG. 1C, the bottom 
surface 222!) of the central portion 222 is coplanar With the 
bottom surfaces 224b/226b of the peripheral portion 224 and 
the connecting portions 226, and the upper surface 22211 of 
the central portion 222 is coplanar With the upper surfaces 
22611 of the connecting portions 226, but is not coplanar With 
the upper surface 22411 of the peripheral portion 224. A dis 
tance d betWeen the edge of the chip 300 and the edge of the 
central portion 222 is greater than or equal to 300 microme 
ters. 

[0054] After that, referring to the FIG. 31, a singulation 
process is performed by a saWing process. The singulation 
process may optionally further include a punch process. The 
purpose of the singulation is to fully cut through the carrier 
200 and the molding compound 500, so as to obtain a plurality 
of individual a-QFN package structure 100. In FIG. 31, only 
tWo of the a-QFN package structure 100 are schematically 
depicted. 
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[0055] Brie?y, the second opening and the third opening on 
are formed simultaneously by the etching process employed 
to the loWer surface of the substrate. The molding compound 
is exposed through the second opening and the third opening. 
Furthermore, oWning to the formation of the openings, the 
contact area betWeen the leadframe (die pad) and the molding 
compound is decreased, thus avoiding delamination and 
improving both the manufacturing quality and the production 
yield. 
[0056] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the struc 
ture of the present invention Without departing from the scope 
or spirit of the invention. In vieW of the foregoing, it is 
intended that the present invention cover modi?cations and 
variations of this invention provided they fall Within the scope 
of the folloWing claims and their equivalents. 

What is claimed is: 
1. An advanced quad ?at non-leaded package structure, 

comprising: 
a carrier, having an upper surface, Wherein the carrier com 

prises: 
a die pad, having a central portion, a peripheral portion 

and a plurality of connecting portions, Wherein the 
peripheral portion is disposed around the central por 
tion, the connecting portions connect the central por 
tion and the peripheral portion, the connecting por 
tions are separated from one another, and the central 
portion, the peripheral portion, and the connecting 
portions de?ne at least tWo holloW regions; and 

a plurality of leads, disposed around the die pad, Wherein 
each of the leads includes an inner lead disposed over 
the upper surface and an outer lead disposed over the 
loWer surface; and 

a chip, disposed on the upper surface of the carrier and 
located Within the central portion of the die pad, Wherein 
the chip is electrically connected to the inner leads via a 
plurality of Wires; and 

a molding compound, encapsulating the chip, the Wires, the 
inner leads, and a portion of the carrier. 

2. The advanced quad ?at non-leaded package structure as 
claimed in claim 1, Wherein the peripheral portion of the die 
pad functions as a ground ring, Wherein the peripheral portion 
of the die pad is electrically connected to the chip via the 
Wires. 

3. The advanced quad ?at non-leaded package structure as 
claimed in claim 2, Wherein the carrier further comprises at 
least a poWer ring, Wherein the poWer ring is disposed 
betWeen the leads and the peripheral portion of the die pad 
and electrically connected to the chip via Wires, and the poWer 
ring is electrically isolated from the ground ring. 

4. The advanced quad ?at non-leaded package structure as 
claimed in claim 1, further comprises an adhesive layer dis 
posed betWeen the chip and the central portion of the die pad. 

5. The advanced quad ?at non-leaded package structure as 
claimed in claim 1, Wherein the central portion of the die pad 
has a polygonal shape. 
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6. The advanced quad ?at non-leaded package structure as 
claimed in claim 5, Wherein the peripheral portion is con 
nected to at least a side of the central portion through the 
connecting portions. 

7. The advanced quad ?at non-leaded package structure as 
claimed in claim 5, Wherein the peripheral portion is con 
nected to at least a corner of the central portion through the 
connecting portions. 

8. The advanced quad ?at non-leaded package structure as 
claimed in claim 1, Wherein a material of the leads comprises 
gold or palladium. 

9. The advanced quad ?at non-leaded package structure as 
claimed in claim 1, Wherein a distance betWeen any tWo 
adjacent leads is greater than or equal to 400 micrometers. 

10. The advanced quad ?at non-leaded package structure 
as claimed in claim 1, Wherein a bottom surface of the central 
portion is coplanar With that of the peripheral portion, an 
upper surface of the central portion is not coplanar With that of 
the peripheral portion. 

11. The advanced quad ?at non-leaded package structure 
as claimed in claim 1, Wherein a distance betWeen an edge of 
the chip and an edge of the central portion is greater than or 
equal to 300 micrometers. 

12. A manufacturing method of an advanced quad ?at 
non-leaded package structure, comprising: 

providing a carrier having a ?rst patterned metal layer 
formed on an upper surface of the carrier, and a second 
patterned metal layer formed on a loWer surface of the 
carrier, Wherein the carrier includes at least an accom 
modating cavity and a plurality of ?rst openings; 

providing a chip, Wherein the chip is disposed on a central 
portion of the accommodating cavity and electrically 
connected to the ?rst patterned metal layer of the carrier 
via a plurality of Wires; 

forming a molding compound to encapsulate the chip, the 
Wires, the ?rst patterned metal layer of the carrier, and 
?ll the accommodating cavity and the ?rst openings; and 

performing an etching process to the loWer surface of the 
carrier using the second patterned metal layer as a mask, 
so that the carrier is etched through to expose the mold 
ing compound ?lled inside the ?rst openings and simul 
taneously form a plurality of second openings and a 
plurality of third openings. 

13. The manufacturing method of the advanced quad ?at 
non-leaded package structure as claimed in claim 12, Wherein 
the carrier is de?ned into a plurality of leads and a die pad by 
the second openings folloWing the etching process. 

14. The manufacturing method of the advanced quad ?at 
non-leaded package structure as claimed in claim 13, Wherein 
the die pad is simultaneously de?ned into the central portion, 
a peripheral portion and a plurality of connecting portions by 
the third openings. 

15. The manufacturing method of the advanced quad ?at 
non-leaded package structure as claimed in claim 12, Wherein 
before the chip is provided, the method further comprises 
forming an adhesive layer on the central portion of the accom 
modating cavity. 


