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INTEGRATED FAN - OUT PACKAGES AND 
METHODS OF FORMING THE SAME 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application claims the priority benefit of U . S . 
provisional application Ser . No . 62 / 565 , 065 , filed on Sep . 
28 , 2017 . The entirety of the above - mentioned patent appli 
cation is hereby incorporated by reference herein and made 
a part of this specification . 

BACKGROUND 
[ 0002 ] In recent years , the semiconductor industry has 
experienced rapid growth due to continuous improvement in 
integration density of various electronic components , e . g . , 
transistors , diodes , resistors , capacitors , etc . For the most 
part , this improvement in integration density has come from 
successive reductions in minimum feature size , which 
allows more components to be integrated into a given area . 
[ 0003 ] These smaller electronic components also require 
smaller packages that occupy less area than previous pack 
ages . Examples of types of packages for semiconductors 
include quad flat packages ( QFP ) , pin grid array ( PGA ) 
packages , ball grid array ( BGA ) packages , flip chips ( FC ) , 
three - dimensional integrated circuits ( 3DICs ) , wafer level 
packages ( WLPs ) , and package on package ( POP ) devices , 
etc . Currently , integrated fan - out packages are becoming 
increasingly popular for their compactness . However , the 
heat dissipation is a challenge in a variety of packages . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0004 ] FIG . 1A to FIG . 1F are cross - sectional views of a 
method of forming an integrated fan - out package in accor 
dance with some embodiments . 
[ 0005 ) FIG . 2 is a simplified top view of an integrated 
fan - out package in accordance with some embodiments . 
10006 ] FIG . 3 is a top view of a heat dissipation layer of 
an integrated fan - out package in accordance with some 
embodiments . 
[ 0007 ] FIG . 4 is a top view of a heat dissipation layer of 
an integrated fan - out package in accordance with alternative 
embodiments . 
10008 ] . FIG . 5 to FIG . 8 are cross - sectional views of 
integrated fan - out packages in accordance with alternative 
embodiments . 

reference numerals is for the purpose of simplicity and 
clarity and does not in itself dictate a relationship between 
the various embodiments and / or configurations discussed . 
[ 0010 ] Further , spatially relative terms , such as “ beneath ” , 
“ below ” , “ lower ” , “ on ” , “ over ” , “ above ” , “ upper ” and the 
like , may be used herein to facilitate the description of one 
element or feature ' s relationship to another element ( s ) or 
feature ( s ) as illustrated in the figures . The spatially relative 
terms are intended to encompass different orientations of the 
device in use or operation in addition to the orientation 
depicted in the figures . The apparatus may be otherwise 
oriented ( rotated 90 degrees or at other orientations ) and the 
spatially relative descriptors used herein may likewise be 
interpreted accordingly . 
[ 0011 ] Other features and processes may also be included . 
For example , testing structures may be included to aid in the 
verification testing of the 3D packaging or 3DIC devices . 
The testing structures may include , for example , test pads 
formed in a redistribution layer or on a substrate that allows 
the testing of the 3D packaging or 3DIC , the use of probes 
and / or probe cards , and the like . The verification testing may 
be performed on intermediate structures as well as the final 
structure . Additionally , the structures and methods disclosed 
herein may be used in conjunction with testing methodolo 
gies that incorporate intermediate verification of known 
good dies to increase the yield and decrease costs . 
10012 ] Herein , a " thermal ” or “ thermally conductive " ele 
ment indicates the element is configured to conduct heat 
from inside a structure to outside the structure . In some 
embodiments , a thermal element is both thermally and 
electrically conductive . In alternative embodiments , a ther 
mal element is merely thermally conductive . 
[ 0013 ] Herein , when an element is described as being 
" thermally connected to ” another element , it means that the 
element is in direct contact with or in physical contact with 
the another element , or that few thermally conductive ele 
ments are positioned between the element and the another 
element . 
[ 0014 ] FIG . 1A to FIG . 1F are cross - sectional views of a 
method of forming an integrated fan - out package in accor 
dance with some embodiments . FIG . 2 is a simplified top 
view of an integrated fan - out package in accordance with 
some embodiments , in which few elements such as thermal 
through integrated fan - out vias , thermal vias , a redistribution 
layer structure , and a heat dissipation layer are shown for 
simplicity and clarity of illustration . 
[ 0015 ] Referring to FIG . 1A , a carrier C is provided with 
a redistribution layer structure 102 formed thereon . In some 
embodiments , a debonding layer DB is formed between the 
carrier C and the redistribution layer structure 102 . In some 
embodiments , the carrier C is a non - semiconductor material , 
such as a glass carrier , a ceramic carrier , an organic carrier , 
or the like . In some embodiments , the debonding layer DB 
includes a Ultra - Violet ( UV ) glue , a Light - to - Heat Conver 
sion ( LTHC ) glue , or the like , although other types of 
adhesives may be used . The debonding layer DB is decom 
posable under the heat of light to thereby release the carrier 
C from the structure formed thereon . 
10016 ] . In some embodiments , the redistribution layer 
structure 102 is referred to as a “ front - side redistribution 
layer structure ” through the specification . In some embodi 
ments , the redistribution layer structure 102 includes a 
plurality of redistribution layers 103 embedded by a plural 
ity of polymer layers 104 . In some embodiments , each of the 

DETAILED DESCRIPTION 
[ 0009 ] The following disclosure provides many different 
embodiments , or examples , for implementing different fea - 
tures of the provided subject matter . Specific examples of 
components and arrangements are described below for the 
purposes of conveying the present disclosure in a simplified 
manner . These are , of course , merely examples and are not 
intended to be limiting . For example , the formation of a 
second feature over or on a first feature in the description 
that follows may include embodiments in which the second 
and first features are formed in direct contact , and may also 
include embodiments in which additional features may be 
formed between the second and first features , such that the 
second and first features may not be in direct contact . In 
addition , the same reference numerals and / or letters may be 
used to refer to the same or similar parts in the various 
examples the present disclosure . The repeated use of the 
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redistribution layers 103 includes copper , nickel , titanium , a 
combination thereof , or the like , and is formed by photoli - 
thography , plating , and photoresist stripping processes . In 
some embodiments , each of the polymer layers 104 includes 
a polymer material such as polybenzoxazole ( PBO ) , poly 
imide ( PI ) , benzocyclobutene ( BCB ) , a combination thereof 
or the like , and is formed by a suitable fabrication technique 
such as spin - coating , lamination , deposition or the like . In 
some embodiments , the redistribution layer structure 102 
further includes a plurality of connecting pads 105 config 
ured to connect to a semiconductor chip . 
[ 0017 ] Referring to FIG . 1B , a plurality of through inte 
grated fan - out vias TIV are formed over the redistribution 
layer structure 102 . In some embodiments , the through 
integrated fan - out vias TIV are electrically connected to the 
redistribution layer structure 102 . In some embodiments , the 
through integrated fan - out vias TIV include copper , nickel , 
titanium , a combination thereof , or the like , and are formed 
by photolithography , plating , and photoresist stripping pro 
cesses . In some embodiments , at least one thermal through 
integrated fan - out via TTIV is formed during the step of 
forming the through integrated fan - out vias TIV . In some 
embodiments , the at least one thermal through integrated 
fan - out via TTIV and the through integrated fan - out vias 
TIV are defined by the same photolithography mask in the 
same process step . The thermal through integrated fan - out 
via TTIV is configured to constitute a part of a path for heat 
dissipation . In some embodiments , the at least one thermal 
through integrated fan - out via TTIV has a dimension ( e . g . , 
width , height and / or pitch ) the same as that of the through 
integrated fan - out vias TIV . In alternative embodiments , the 
at least one thermal through integrated fan - out via TTIV and 
the through integrated fan - out vias TIV may have different 
dimensions . For example , the width of the at least one 
thermal through integrated fan - out via TTIV is greater than 
the width of through integrated fan - out vias TIV , so as to 
dissipate heat more effectively . 
[ 0018 ] In some embodiments , the thermal through inte 
grated fan - out via TTIV includes a material the same as that 
of the through integrated fan - out vias TIV . In alternative 
embodiments , the thermal through integrated fan - out via 
TTIV includes a material different from that of the through 
integrated fan - out vias TIV . 
[ 0019 ] Thereafter , a first semiconductor chip 100 is placed 
on and bonded to the redistribution layer structure 102 . In 
some embodiments , the first semiconductor chip 100 is 
placed adjacent to the at least one thermal through integrated 
fan - out via TTIV and aside the through integrated fan - out 
vias TIV . In some embodiments , the at least thermal through 
integrated fan - out via TTIV is between the first semicon 
ductor chip 100 and one of the through integrated fan - out 
vias TIV . 
[ 0020 ] In some embodiments , the first semiconductor chip 
100 includes a substrate 100a , one or more connectors 100b , 
one or more bumps 100c and a heat dissipation layer 100d . 
The substrate 100a includes , for example but not limited to , 
bulk silicon , doped or undoped , or an active layer of a 
semiconductor - on - insulator ( SOI ) substrate . The connectors 
100b and the heat dissipation layer 100d are on opposite 
surfaces of the first semiconductor chip 100 . In some 
embodiments , the heat dissipation layer 100d is formed on 
a first surface ( e . g . , back surface ) of the first semiconductor 
chip 100 , and the connectors 100b are formed on a second 
surface ( e . g . , front surface ) of the first semiconductor chip 

100 opposite to the first surface . In some embodiments , the 
first semiconductor chip 100 is a system - on - chip ( SOC ) die . 
In some embodiments , the first semiconductor chip 100 
includes a high power circuit . 
[ 0021 ] In some embodiments , the heat dissipation layer 
100d has a high thermal conductivity greater than about 50 
W / m * K or about 100 W / m * K . In some embodiments , the 
heat dissipation layer 100d includes a metal and / or a metal 
alloy and is formed by a suitable method such as physical 
vapor deposition ( PVD ) , sputtering , evaporation , chemical 
vapor deposition ( CVD ) or electroplating . In alternative 
embodiments , the heat dissipation layer 100d includes a 
composite material with a high thermal conductivity . In 
some embodiments , the heat dissipation layer includes Al , 
Cu , Ni , Co , Ti , W , silicon carbide , aluminum nitride , graph 
ite or a combination thereof , although other types of heat 
dissipation materials may be used . 
[ 0022 ] In some embodiments , the heat dissipation layer 
100d is a blanket layer that covers the entire back surface of 
the first semiconductor chip 100 , as shown in FIG . 3 . In 
alternative embodiments , the heat dissipation layer 100d is 
a patterned layer that covers a portion of the back surface of 
the first semiconductor chip 100 . For example , the heat 
dissipation layer 100d has at least opening 0 therein , as 
shown in FIG . 4 . In some embodiments , the heat dissipation 
layer 100d can be block - shaped , strip - shaped , ring - shaped or 
any shape as needed . 
[ 0023 ] In some embodiments , the connectors 100b are 
formed as the top portions of the first semiconductor chip 
100 and are electrically connected to underlying pads or an 
interconnection structure of the first semiconductor chip 
100 . The connectors 100b may include copper - containing 
pillars , and are formed with an electroplating process . The 
bumps 100c are formed on the connectors 100b and may 
include solder bumps , and are formed with a ball drop 
process or an electroplating process . In some embodiments , 
the connectors 100b and / or the bumps 100c constitute parts 
of the connectors of the first semiconductor chip 100 . 
10024 ] In some embodiments , the first semiconductor chip 
100 is flipped such that the second surface or front surface 
of the first semiconductor chip 100 is facing downward ( as 
shown ) for subsequently bonding to the redistribution layer 
structure 102 . In some embodiments , the first semiconductor 
chip 100 is bonded to the redistribution layer structure 102 
with the connectors 100b ( or bumps 100c ) facing the redis 
tribution layer structure 102 . In some embodiments , the 
bumps 100c of the first semiconductor chip 100 are bonded 
to the connecting pads 105 of the redistribution layer struc 
ture 102 . 
[ 0025 ] Referring to FIG . 1C , an underfill layer UF1 is 
formed to fill the space between the redistribution layer 
structure 102 and the first semiconductor chip 100 . In some 
embodiments , the underfill layer UF1 is formed to surround 
the connectors 100b and the bumps 100c . In some embodi 
ments , the underfill layer UF1 includes a molding compound 
such as epoxy , and is formed using dispensing , injecting , 
and / or spraying techniques . 
[ 0026 ] Thereafter , the first semiconductor chip 100 , the 
first semiconductor chip 100 , the through integrated fan - out 
vias TIV and the at least one thermal through integrated 
fan - out via TTIV are encapsulated with an encapsulation 
layer E . In some embodiments , the encapsulation layer E is 
formed over the carrier C to encapsulate or surround the 
sidewalls of the through integrated fan - out vias TIV , the 
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sidewall of the at least one thermal through integrated 
fan - out via TTIV and the sidewall and top of the first 
semiconductor chip 100 . In some embodiments , the encap 
sulation layer E includes a molding compound , a molding 
underfill , a resin or the like , such as epoxy . In some 
embodiments , the encapsulation layer E includes a polymer 
material such as polybenzoxazole ( PBO ) , polyimide , ben 
zocyclobutene ( BCB ) , a combination thereof , or the like , 
and is formed by a molding process followed by a grinding 
process until surfaces of the through integrated fan - out vias 
TIV and the surface of the thermal through integrated 
fan - out via TTIV are exposed . 
[ 0027 ] Referring to FIG . 1D , a redistribution layer struc 
ture 106 is formed over the first semiconductor chip 100 . In 
some embodiments , the redistribution layer structure 106 is 
formed to thermally connect to the heat dissipation layer 
100d of the first semiconductor chip 100 . In some embodi 
ments , the redistribution layer structure 106 is referred to as 
a “ backside redistribution layer structure ” or “ thermal redis 
tribution layer structure ” through the specification . In some 
embodiments , the redistribution layer structure 106 includes 
copper , nickel , titanium , a combination thereof , or the like , 
and is formed by photolithography , plating , and photoresist 
stripping processes . 
[ 0028 ] In some embodiments , at least one thermal via TV 
is formed during the step of forming the redistribution layer 
structure 106 , and the at least one thermal via TV is between 
and in physical contact with the redistribution layer structure 
106 and the heat dissipation layer 100d of the first semi 
conductor chip 100 . 
[ 0029 ] In some embodiments , a patterning step is per 
formed to the encapsulation layer E , so as to form at least 
one opening 107 in the encapsulation layer E . In some 
embodiments , the opening 107 exposes a portion of the heat 
dissipation layer 100d . In some embodiments , the patterning 
step includes a laser drilling process , a dry etching process , 
a suitable patterning method or a combination thereof . 
Thereafter , a metal layer is formed on the surface of the 
encapsulation layer E and fills in the opening 107 . In some 
embodiments , more than one metal layer or one or more 
polymer layers can be included in the redistribution layer 
structure 106 upon the process requirements . 
( 0030 ] Referring to FIG . 1E , a package 200 including a 
second semiconductor chip 201 is provided and then bonded 
to the first semiconductor chip 100 . The package 200 could 
be a wafer - level chip - scale package ( WLCSP ) , a DRAM 
package or other package . In some embodiments , the pack 
age 200 further includes a conductive structure 202 , a 
plurality of bumps 206 and a plurality of thermal bumps TB1 
and TB2 . 
[ 0031 ] In some embodiments , the conductive structure 
202 is a redistribution layer structure . In some embodiments , 
the conductive structure 202 is a front - side redistribution 
layer structure at a front side of the second semiconductor 
chip 201 . In alternative embodiments , the conductive struc 
ture 202 is a backside redistribution layer structure at a back 
side of the second semiconductor chip 201 . In alternative 
embodiments , the conductive structure 202 is an organic or 
ceramic substrate with conductive layers therein . 
[ 0032 ] In some embodiments , the conductive structure 
202 includes a plurality of conductive layers 203 embedded 
by a plurality of polymer layers 204 . In some embodiments , 
each of the conductive layers 203 includes copper , nickel , 
titanium , a combination thereof , or the like , and is formed by 

photolithography , plating , and photoresist stripping pro 
cesses . In some embodiments , each of the polymer layers 
204 includes a polymer material such as polybenzoxazole 
( PBO ) , polyimide ( PI ) , benzocyclobutene ( BCB ) , a combi 
nation thereof or the like , and is formed by a suitable 
fabrication technique such as spin - coating , lamination , 
deposition or the like . In some embodiments , the conductive 
structure 202 further includes a plurality of connecting pads 
205 configured to connect to bumps or a semiconductor 
chip . 
[ 0033 ] The bumps 206 are formed on the connecting pads 
205 of the conductive structure 202 . In some embodiments , 
the bumps 206 may include solder bumps , and are formed 
with a ball drop process or an electroplating process . In 
some embodiments , one or more thermal bumps TB1 and 
TB2 are formed during the step of forming the bumps 206 . 
In some embodiments , the bumps 206 are electrically con 
nected to the through integrated fan - out via TIV , the thermal 
bump TB1 is thermally connected to the thermal via TV and 
therefore the heat dissipation layer 100d , and the thermal 
bump TB2 is thermally connected to the redistribution layer 
structure 106 and therefore the thermal through integrated 
fan - out via TTIV . 
[ 0034 ] In some embodiments , the bumps 206 and the 
thermal bumps TB1 and TB2 are formed in the same process 
step . Each of the thermal bumps TB1 and TB2 is configured 
to constitute a part of a path for heat dissipation . In some 
embodiments , the thermal bumps TB1 and TB2 have a 
dimension ( e . g . , width and / or pitch ) the same as that of the 
bumps 206 . In alternative embodiments , at least one of the 
thermal bumps TB1 and TB2 and bumps 206 may have 
different dimensions . For example , the width of the thermal 
bump TB1 or TB2 is greater than the width of the bumps 
206 , so as to dissipate heat more effectively . 
[ 0035 ] In some embodiments , the thermal bumps TB1 and 
TB2 include a material the same as that of the bumps 206 . 
In alternative embodiments , the thermal bumps TB1 and 
TB2 include a material different from that of the bumps 206 . 
[ 0036 ] Thereafter , an underfill layer UF2 is formed to fill 
the space between the redistribution layer structure 106 and 
the package 200 . In some embodiments , the underfill layer 
UF2 is formed to surround the bumps 206 and the thermal 
bumps TB1 and TB2 . In some embodiments , the underfill 
layer UF2 includes a molding compound such as epoxy , and 
is formed using dispensing , injecting , and / or spraying tech 
niques . 
[ 0037 ] Referring to FIG . 1F , the carrier C is debonded 
from the redistribution layer structure 102 . In some embodi 
ments , the debonding layer DB is decomposed under heat of 
light , and the carrier C is then released from the structure 
formed thereon . 
[ 0038 ] Thereafter , the lowermost polymer layer 103 is 
patterned such that openings are formed to expose the 
connecting pads or the lowermost redistribution layer 103 of 
the redistribution layer structure 102 . In some embodiments , 
the openings are formed by a laser drilling process , a dry 
etching process , a suitable patterning method or a combi 
nation thereof . Thereafter , bumps 108 are placed over and 
bonded to the connecting pads of the redistribution layer 
structure 102 . In some embodiments , the bumps 108 may be 
solder bumps , and / or may include metal pillars ( e . g . , copper 
pillars ) , solder caps formed on metal pillars , and / or the like . 
The bumps 108 may be formed respectively by a suitable 
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process such as evaporation , electroplating , ball drop , or 
screen printing . An integrated fan - out package 10 is thus 
completed . 
[ 0039 ] In some embodiments , when the first semiconduc 
tor chip 100 is operated , at least one hot spot HS is generated 
inside the first semiconductor chip 100 , as shown in FIG . 1F . 
In some embodiments , the hot spot HS is generated at one 
corner of the first semiconductor chip 100 , so the thermal 
vias TV , the thermal through integrated fan - out vias TTIV 
and metal lines of the redistribution layer structure 106 are 
arranged near the hot spot HS , so as to dissipate heat more 
effectively , as shown in FIG . 2 . 
[ 0040 ] In some embodiments , there are at least four heat 
dissipation paths P1 to P4 , each of which helps to dissipate 
the heat generated inside the first semiconductor chip 100 to 
outside the first semiconductor chip 100 , as shown in FIG . 
1F . In some embodiments , a portion of the heat generated by 
the chip is dissipated to atmosphere ( or an external envi 
ronment through the heat dissipation path P1 sequentially 
along the connectors 100b , the bumps 100c and the redis 
tribution layer structure 102 and the bumps 108 . Another 
portion of the heat generated by the chip is dissipated to 
atmosphere through the heat dissipation path P2 sequentially 
along the heat dissipation layer 100d , the at least one thermal 
via TV , the redistribution layer structure 106 , the thermal 
bump TB1 or TB2 and the redistribution layer 202 . Another 
portion of the heat generated by the chip is dissipated to 
atmosphere through the heat dissipation path P3 sequentially 
along the heat dissipation layer 100d , the at least one thermal 
via TV , the redistribution layer structure 106 , the at least one 
thermal through integrated fan - out via TTIV and the redis 
tribution layer structure 102 . Another portion of the heat 
generated by the chip is dissipated to atmosphere through 
the heat dissipation path P4 sequentially along the heat 
dissipation layer 100d , the at least one thermal via TV and 
the redistribution layer structure 106 . 
[ 0041 ] Possible modifications and alterations can be made 
to the integrated fan - out package . These modifications and 
alterations are provided for illustration purposes , and are not 
construed as limiting the present disclosure . FIG . 5 to FIG . 
8 are cross - sectional views of integrated fan - out packages in 
accordance with alternative embodiments . 
[ 0042 ] The integrated fan - out package 20 of FIG . 5 is 
similar to the integrated fan - out package 10 of FIG . 1F , and 
the difference between them lies in that , the integrated 
fan - out package 20 of FIG . 5 is provided without a thermal 
via TV . In some embodiments , the redistribution layer 
structure 106 is formed to be in physical contact with the 
heat dissipation layer 100d of the first semiconductor chip 
100 . In some embodiments , at least one thermal bump TB1 
is provided in the integrated fan - out package 20 , and the at 
least one thermal bump TB1 is thermally connected to the 
redistribution layer structure 106 and therefore the heat 
dissipation layer 100d . In alternative embodiments , the 
integrated fan - out package 20 is provided without a thermal 
bump TB1 . 
10043 ] The integrated fan - out package 30 of FIG . 6 is 
similar to the integrated fan - out package 10 of FIG . 1F , and 
the difference between them lies in that , one thermal via TV 
and one thermal bump TB1 are shown in this cross - section 
of FIG . 1f , while multiple thermal vias TV and multiple 
thermal bumps TB1 are shown in this cross - section of FIG . 
6 . Specifically , the thermal vias TV and the thermal bumps 
TB1 are arranged in an array , either regularly or irregularly . 

[ 0044 ] The integrated fan - out package 40 of FIG . 7 is 
similar to the integrated fan - out package 10 of FIG . 1F , and 
the difference between them lies in that , the thermal through 
integrated fan - out vias TTIV and the thermal bumps TB2 of 
the integrated fan - out package 10 are arranged at one side of 
the first semiconductor chip 100 , while the thermal through 
integrated fan - out vias TTIV and the thermal bumps TB2 of 
the integrated fan - out package 40 are arranged at both sides 
of the first semiconductor chip 100 . 
[ 0045 ] The design concepts of the integrated fan - out pack 
age 30 of FIG . 6 and the integrated fan - out package 40 of 
FIG . 7 can be combined , so as to provide an integrated 
fan - out package 50 which can dissipate heat more effec 
tively , as shown in FIG . 8 . 
[ 0046 ] The structures of the integrated fan - out packages 
are illustrated below with reference to FIG . 1F and FIGS . 
5 - 8 . In some embodiments , an integrated fan - out package 
10 / 20 / 30 / 40 / 50 includes a first semiconductor chip 100 , a 
plurality of through integrated fan - out vias TIV , an encap 
sulation layer E and a redistribution layer structure 106 . 
[ 0047 ] The first semiconductor chip 100 includes a heat 
dissipation layer 100d on a first side ( e . g . , backside ) thereof . 
In some embodiments , the heat dissipation layer 100d 
includes Al , Cu , Ni , Co , Ti , W , silicon carbide , aluminum 
nitride , graphite or a combination thereof . In some embodi 
ments , the heat dissipation layer 100d covers at least a 
portion of a first surface ( e . g . , back surface of the first 
semiconductor chip 100 . In some embodiments , the heat 
dissipation layer 100d covers at least 30 percent of the first 
surface ( e . g . , back surface ) of the first semiconductor chip 
100 . 
[ 0048 ] In some embodiments , the ratio of the area of the 
heat dissipation layer 100d to the total backside area ( or chip 
area ) of the first semiconductor chip 100 is more than about 
0 . 30 or 0 . 50 . In some embodiments , the area ratio of the heat 
dissipation layer 100d to the first semiconductor chip 100 
can be , for example but not limited to , about 0 . 30 , 0 . 35 , 0 . 40 , 
0 . 45 , 0 . 50 , 0 . 55 , 0 . 60 , 0 . 65 , 0 . 70 , 0 . 75 , 0 . 80 , 0 . 85 , 0 . 90 , 0 . 95 , 
1 . 00 , including any range between any two of the preceding 
values and any range more than any one of the preceding 
values . In some embodiments , the area ratio of the heat 
dissipation layer 100d to the first semiconductor chip 100 is 
such as to improve the heat dissipation efficiency . 
[ 0049 ] In some embodiments , the heat dissipation layer 
100d completely covers the first surface ( e . g . , back surface ) 
of the first semiconductor chip 100 . Specifically , the area of 
the dissipation layer 100d is substantially the same as the 
chip area of the first semiconductor chip 100 . For example , 
the heat dissipation layer 100d may be a blanket layer such 
as a solid metal block , as shown in FIG . 3 . However , the 
disclosure is not limited thereto . 
[ 0050 ] In alternative embodiments , the heat dissipation 
layer 100d may cover a backside region corresponding to the 
hot spot HS of the first semiconductor chip 100 . For 
example , the heat dissipation layer 100d has openings O 
therein , as shown in FIG . 4 . The openings O are circular , 
oval , square , rectangular , polygonal or a combination 
thereof . In some embodiments , in order to balance the 
thermal dissipation of the first semiconductor chip 100 , the 
heat dissipation layer 100d may be designed to have one or 
more openings , so that the heat can be distributed across the 
chip evenly . In some embodiments , on the hot spot HS of the 
first semiconductor chip 100 , the corresponding backside of 
the chip is fully covered by the heat dissipation layer 100d . 
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In contrast , on a less heat portion of the first semiconductor 
chip 100 , openings in the heat dissipation layer 100d may 
lead to a balanced thermal distribution in the first semicon 
ductor chip 100 . 
[ 0051 ] In some embodiments , the first semiconductor chip 
100 further includes connectors 100c and optional bumps 
100b on a second surface ( e . g . , front surface ) opposite to the 
first surface ( e . g . , back surface ) , and the connectors 100d 
and the optional bumps 100b are electrically connected to 
another redistribution layer structure 102 at a second side 
( e . g . , front side ) of the first semiconductor chip 100 opposite 
to the first side ( e . g . , backside ) . 
[ 0052 ] The through integrated fan - out vias TIV are aside 
the first semiconductor chip 100 . The encapsulation layer E 
encapsulates the through integrated fan - out vias TIV . The 
redistribution layer structure 106 is at a first side ( e . g . , 
backside of the first semiconductor chip 100 and is ther 
mally connected to the heat dissipation layer 100d of the first 
semiconductor chip 100 . 
[ 0053 ] In some embodiments , the integrated fan - out pack 
age 10 / 20 / 30 / 40 / 50 further includes at least one thermal 
through integrated fan - out via TTIV between the first semi 
conductor chip 100 and one of the through integrated fan - out 
vias TIV , and the encapsulation layer E further encapsulates 
the at least one thermal through integrated fan - out via TTIV . 
[ 0054 ] In some embodiments , the integrated fan - out pack 
age 10 / 30 / 40 / 50 further includes at least one thermal via TV 
between and in physical contact with the redistribution layer 
structure 106 and the heat dissipation layer 100d of the first 
semiconductor chip 100 , and the encapsulation layer E 
further encapsulates the at least one thermal via TV . In some 
embodiments , multiple thermal vias TV are distributed 
evenly in the chip region . In alternative embodiments , 
multiple thermal vias TV are distributed randomly and 
unevenly in the chip region . In some embodiments , the 
thermal vias TV are circular , oval , square , rectangular , 
polygonal or a combination thereof . The shapes , sizes , 
variations , configurations and / or distributions of the thermal 
vias TV can be adjusted upon the process requirements . 
[ 0055 ] In alternative embodiments , a thermal via TV is not 
provided in the package , such the redistribution layer struc 
ture 106 is in physical contact with the heat dissipation layer 
100d of the first semiconductor chip 100 , as shown in the 
integrated fan - out package 20 of FIG . 5 . 
[ 0056 ] In some embodiments , the integrated fan - out pack 
age 10 / 20 / 30 / 40 / 50 further includes a second semiconductor 
201 electrically connected to the first semiconductor chip 
100 , and thermal bumps TB1 and TB2 between the second 
semiconductor chip 201 and the redistribution layer struc 
ture 106 . The thermal bumps TB1 and TB2 are thermally 
connected to the at least one thermal via TV . In some 
embodiments , the redistribution layer structure 106 is 
between and in physical contact with the at least one thermal 
via TV and the at least one thermal bump TB1 . In some 
embodiments , the redistribution layer structure 106 is 
between and in physical contact with the at least one thermal 
through integrated fan - out via TTIV and the at least one 
thermal bump TB2 . 
[ 0057 ] In some embodiments , the dimension of the at least 
one thermal via TV is greater than the dimension of the 
through integrated fan - out vias TIV or the thermal through 
integrated fan - out vias TTIV . In alternative embodiments , 
the dimension of the at least one thermal via TV can be equal 

to or less than the dimension of the through integrated 
fan - out vias TIV or the thermal through integrated fan - out 
vias TTIV . 
[ 0058 ] In view of the above , in some embodiments of the 
disclosure , by disposing at least one of a heat dissipation 
layer , a thermal redistribution layer structure , thermal vias , 
thermal bumps and thermal through integrated fan - out vias 
around hot spots of a chip , the heat dissipation efficiency of 
the package is greatly increased . In some embodiments , 
other thermal elements such as thermal through substrate 
vias or the like can be further disposed in the package as 
needed . By adopting the heat dissipation schemes of some 
embodiments of the disclosure , not only the operation tem 
perature of the package is reduced , the hot spots are also 
eliminated . The package performance is accordingly 
improved . 

[ 0059 ] In accordance with some embodiments of the pres 
ent disclosure , an integrated fan - out package includes a first 
semiconductor chip , a plurality of through integrated fan - out 
vias , an encapsulation layer and a redistribution layer struc 
ture . The first semiconductor chip includes a heat dissipation 
layer , and the heat dissipation layer covers at least 30 percent 
of a first surface of the first semiconductor chip . The through 
integrated fan - out vias are aside the first semiconductor 
chip . The encapsulation layer encapsulates the through inte 
grated fan - out vias . The redistribution layer structure is at a 
first side of the first semiconductor chip and thermally 
connected to the heat dissipation layer of the first semicon 
ductor chip . 
[ 0060 ] In accordance with alternative embodiments of the 
present disclosure , an integrated fan - out package includes a 
first semiconductor chip , a plurality of through integrated 
fan - out vias , a redistribution layer structure , at least one 
thermal via , an encapsulation layer and a second semicon 
ductor chip . The first semiconductor chip includes a heat 
dissipation layer on a first surface thereof . The through 
integrated fan - out vias are aside the first semiconductor 
chip . The redistribution layer structure is over the first 
semiconductor chip and thermally connected to the heat 
dissipation layer . The at least one thermal via is between and 
in physical contact with the redistribution layer structure and 
the heat dissipation layer of the first semiconductor chip . 
The encapsulation layer encapsulates the plurality of 
through integrated fan - out vias and the least one thermal via . 
The second semiconductor chip is over the redistribution 
layer structure and electrically connected to the first semi 
conductor chip . 
10061 ] In accordance with yet alternative embodiments of 
the present disclosure , a method of forming an integrated 
fan - out package includes at least the following steps . A 
plurality of through integrated fan - out vias are formed over 
a first redistribution layer structure . A first semiconductor 
chip is placed over the first redistribution layer structure , 
wherein the first semiconductor chip includes at least one 
connector and a heat dissipation layer on opposite surfaces 
thereof , and the at least one connector faces the first redis 
tribution layer structure . The first semiconductor chip and 
the plurality of through integrated fan - out vias are encap 
sulated with an encapsulation layer . A second redistribution 
layer structure is formed over the first semiconductor chip , 
wherein the second redistribution layer structure is thermally 
connected to the heat dissipation layer of the first semicon 
ductor chip . 
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[ 0062 ] The foregoing outlines features of several embodi 
ments so that those skilled in the art may better understand 
the aspects of the present disclosure . Those skilled in the art 
should appreciate that they may readily use the present 
disclosure as a basis for designing or modifying other 
processes and structures for carrying out the same purposes 
and / or achieving the same advantages of the embodiments 
introduced herein . Those skilled in the art should also realize 
that such equivalent constructions do not depart from the 
spirit and scope of the present disclosure , and that they may 
make various changes , substitutions , and alterations herein 
without departing from the spirit and scope of the present 
disclosure . 

1 . An integrated fan - out package , comprising : 
a first semiconductor chip comprising a heat dissipation 

layer , the heat dissipation layer covering at least 30 
percent of a first surface of the first semiconductor chip ; 

a plurality of through integrated fan - out vias aside the first 
semiconductor chip ; 

an encapsulation layer encapsulating the plurality of 
through integrated fan - out vias ; and 

a redistribution layer structure at a first side of the first 
semiconductor chip and thermally connected to the heat 
dissipation layer of the first semiconductor chip . 

2 . The integrated fan - out package of claim 1 , where the 
heat dissipation layer completely covers the first surface of 
the first semiconductor chip . 

3 . The integrated fan - out package of claim 1 , wherein the 
heat dissipation layer comprises Al , Cu , Ni , Co , Ti , W , 
silicon carbide , aluminum nitride , graphite or a combination 
thereof . 

4 . The integrated fan - out package of claim 1 , further 
comprising at least one thermal via between and in physical 
contact with the redistribution layer structure and the heat 
dissipation layer of the first semiconductor chip , wherein the 
encapsulation layer further encapsulates the at least one 
thermal via . 

5 . The integrated fan - out package of claim 1 , further 
comprising : 

a second semiconductor chip electrically connected to the 
first semiconductor chip ; and 

at least one thermal bump between the second semicon 
ductor chip and the redistribution layer structure , 
wherein the at least one thermal bump is thermally 
connected to the heat dissipation layer of the first 
semiconductor chip . 

6 . The integrated fan - out package of claim 1 , wherein the 
redistribution layer structure is in physical contact with the 
heat dissipation layer of the first semiconductor chip . 

7 . The integrated fan - out package of claim 1 , further 
comprising at least one thermal through integrated fan - out 
via between the first semiconductor chip and one of the 
plurality of through integrated fan - out vias , wherein the 
encapsulation layer further encapsulates the at least one 
thermal through integrated fan - out via . 

8 . The integrated fan - out package of claim 1 , wherein the 
first semiconductor chip further comprises connectors on a 
second surface thereof , the second surface is opposite to the 
first surface , and the connectors are electrically connected to 
another redistribution layer structure at a second side of the 
first semiconductor chip opposite to the first side . 

9 . An integrated fan - out package , comprising : 
a first semiconductor chip comprising a heat dissipation 

layer on a first surface thereof ; 

a plurality of through integrated fan - out vias aside the first 
semiconductor chip ; 

a redistribution layer structure over the first semiconduc 
tor chip and thermally connected to the heat dissipation 
layer ; 

at least one thermal via between and in physical contact 
with the redistribution layer structure and the heat 
dissipation layer of the first semiconductor chip ; 

an encapsulation layer encapsulating the plurality of 
through integrated fan - out vias and the least one ther 
mal via ; and 

a second semiconductor chip over the redistribution layer 
structure and electrically connected to the first semi 
conductor chip . 

10 . The integrated fan - out package of claim 9 , wherein the 
heat dissipation layer completely covers the first surface of 
the first semiconductor chip . 

11 . The integrated fan - out package of claim 9 , wherein the 
heat dissipation layer has at least one opening therein . 

12 . The integrated fan - out package of claim 9 , wherein the 
heat dissipation layer comprises Al , Cu , Ni , Co , Ti , W , 
silicon carbide , aluminum nitride , graphite or a combination 
thereof . 

13 . The integrated fan - out package of claim 9 , further 
comprising at least one thermal bump between the second 
semiconductor chip and the redistribution layer structure , 
wherein the at least one thermal bump is thermally con 
nected to the at least one thermal via . 

14 . The integrated fan - out package of claim 9 , further 
comprising at least one thermal through integrated fan - out 
via between the at least one thermal via and one of the 
plurality of through integrated fan - out vias , wherein the 
encapsulation layer further encapsulates the at least one 
thermal through integrated fan - out via . 

15 . The integrated fan - out package of claim 9 , wherein the 
first semiconductor chip further comprises connectors on a 
second surface thereof , the second surface is opposite to the 
first surface , and the connectors are electrically connected to 
another redistribution layer structure . 

16 . A method of forming an integrated fan - out package , 
comprising : 

forming a plurality of through integrated fan - out vias over 
a first redistribution layer structure ; 

placing a first semiconductor chip over the first redistri 
bution layer structure , wherein the first semiconductor 
chip comprises at least one connector and a heat 
dissipation layer on opposite surfaces thereof , and the 
at least one connector faces the first redistribution layer 
structure ; 

encapsulating the first semiconductor chip and the plu 
rality of through integrated fan - out vias with an encap 
sulation layer ; and 

forming a second redistribution layer structure over the 
first semiconductor chip , wherein the second redistri 
bution layer structure is thermally connected to the heat 
dissipation layer of the first semiconductor chip . 

17 . The method of claim 16 , further comprising forming 
at least one thermal via during the step of forming the second 
redistribution layer structure , wherein the at least one ther 
mal via is between and in physical contact with the second 
redistribution layer structure and the heat dissipation layer of 
the first semiconductor chip . 

18 . The method of claim 16 , further comprising forming 
at least one thermal through integrated fan - out via during the 
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step of forming the plurality of through integrated fan - out 
vias , wherein the at least one thermal through integrated 
fan - out via is between the first semiconductor chip and one 
of the plurality of through integrated fan - out vias . 

19 . The method of claim 16 , further comprising bonding 
a package comprising a second semiconductor chip to the 
first semiconductor chip , wherein the package further com 
prises a plurality of bumps and at least one thermal bump , 
the plurality of bumps are electrically connected to the 
plurality of through integrated fan - out vias , and the at least 
one thermal bump is thermally connected to the heat dissi 
pation layer of the first semiconductor chip . 

20 . The method of claim 16 , wherein the heat dissipation 
layer comprises Al , Cu , Ni , Co , Ti , W , silicon carbide , 
aluminum nitride , graphite or a combination thereof . 


