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Wafer Level Package with Die Receiving Cavity
and Method of the Same

Field of the Invention

This invention relates to a structure of wafer level package (WLP), and mor
e particularly to a carrier with die receiving cavity to receive a die for WLP.

Description of the Prior Art
In the field of semiconductor devices, the device density is increased and

the device dimension is reduced, continuously. The demand for the packaging or i
nterconnecting techniques in such high density devices is also increased to fit
the situation mentioned above. Conventionally, in the Flip-chip attachment metho
d, an array of solder bumps is formed on the surface of the die. The formation o
T the solder bumps may be carried out by using a solder composite material throu
gh a solder mask for producing a desired pattern of solder bumps. The function o
Ff chip package includes power distribution, signal distribution, heat dissipatio
n, protection and support...and so on. As a semiconductor become more complicated
, the traditional package technique, for example lead frame package, flex packag
e, rigid package technique, can"t meet the demand of producing smaller chip with
high density elements on the chip.

Furthermore, because conventional package technologies have to divide a dic
e on a wafer into respective dies and then package the die respectively, therefo
re, these techniques are time consuming for manufacturing process. Since the chi
p package technique is highly influenced by the development of integrated circuil
ts, therefore, as the size of electronics has become demanding, so does the pack
age technique. For the reasons mentioned above, the trend of package technique 1
s toward ball grid array (BGA), flip chip (FC-BGA), chip scale package (CSP), Wa
fer level package (WLP) today. "Wafer level package™ is to be understood as mean
ing that the entire packaging and all the interconnections on the wafer as well
as other processing steps are carried out before the singulation (dicing) into c
hips (dies). Generally, after completion of all assembling processes or packagin
g processes, individual semiconductor packages are separated from a wafer having

a plurality of semiconductor dies. The wafer level package has extremely small
dimensions combined with extremely good electrical properties.

WLP technique is an advanced packaging technology, by which the die are man
ufactured and tested on the wafer, and then singulated by dicing for assembly in

a surface-mount line. Because the wafer level package technique utilizes the wh
ole wafer as one object, not utilizing a single chip or die, therefore, before p
erforming a scribing process, packaging and testing has been accomplished; furth
ermore, WLP is such an advanced technique so that the process of wire bonding, d
ie mount and under-fill can be omitted. By utilizing WLP technique, the cost and

manufacturing time can be reduced, and the resulting structure of WLP can be eq
ual to the die; therefore, this technique can meet the demands of miniaturizatio
n of electronic devices.

Though the advantages of WLP technique mentioned above, some issues still e
xist influencing the acceptance of WLP technique. For example, although utilizin
g WLP technique can reduce the CTE mismatch between IC and the interconnecting s
ubstrate, as the size of the device minimizes, the CTE difference between the ma
terials of a structure of WLP becomes another critical factor to mechanical inst
ability of the structure. Furthermore, in this wafer-level chip-scale package, a
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plurality of bond pads formed on the semiconductor die is redistributed through
conventional redistribution processes involving a redistribution layer (RDL) in
to a plurality of metal pads in an area array type. Solder balls are directly fu
sed on the metal pads, which are formed in the area array type by means of the r
edistribution process. Typically, all of the stacked redistribution layers are f
ormed over the built-up layer over the die. Therefore, the thickness of the pack
age is iIncreased. This may conflict with the demand of reducing the size of a ch
ip.

Therefore, the present invention provides a FO-WLP structure without stacke
d built-up layer and RDL to reduce the package thickness to overcome the aforeme
ntioned problem and also provide the better board level reliability test of temp
erature cycling.
SUMMARY OF THE INVENTION

The present invention provides a structure of package comprising a substrat

e with a die receiving cavity formed within an upper surface of the substrate an
d a through hole structure formed there through, wherein a terminal pad is forme
d under the through hole structure and the substrate includes a conductive trace
formed on a lower surface of the substrate. A die is disposed within the die re
ceiving cavity by adhesion and a dielectric layer formed on the die and the subs
trate. A re-distribution layer (RDL) is formed on the dielectric layer and coupl
ed to the die and the through holes structure. Conductive bumps are coupled to t
he terminal pad.

The dielectric layer includes an elastic dielectric layer, silicone dielect
ric based material, BCB or PI. The silicone dielectric based material comprises
siloxane polymers (SINR), silicon oxide, silicon nitride, or composites thereof.

Alternatively, the dielectric layer comprises a photosensitive layer. The RDL c
ommunicates to the terminal pad downwardly the contacting via through holes stru
cture.

The material of the substrate includes organic epoxy type FR4, FR5, BT, PCB

(print circuit board), alloy or metal. The alloy includes Alloy42 (420 Ni-580 F
e) or Kovar (290 Ni-170 Co-540 Fe). Alternatively, the substrate could be glass,
ceramic or silicon.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG.1 illustrates a cross-sectional view of a structure of fan-out WLP according
to the present invention.

FIG. 2 i1llustrates a cross-sectional view of a structure of fan-out WLP accordin
g to the present invention.

FIG. 3 illustrates a cross-sectional view of a structure of fan-out WLP accordin
g to the present invention.

FIG. 4 illustrates a cross-sectional view of a structure of panel form fan-out W
LP according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

The invention will now be described in greater detail with preferred embodi
ments of the invention and illustrations attached. Nevertheless, it should be r
ecognized that the preferred embodiments of the invention is only for illustrati

ng. Besides the preferred embodiment mentioned here, present invention can be pr
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acticed in a wide range of other embodiments besides those explicitly described,
and the scope of the present invention is expressly not limited expect as speci
fied iIn the accompanying Claims.

The present invention discloses a structure of WLP utilizing a substrate hav
ing predetermined through holes formed therein and a cavity formed into the subs
trate. A photosensitive material is coated over the die and the pre-formed subst
rate. Preferably, the material of the photosensitive material is formed of elast
ic material.

FIG.1 illustrates a cross-sectional view of Fan-Out Wafer Level Package (FO
-WLP) in accordance with one embodiment of the present invention. As shown in th
e FIG. 1, the structure of FO-WLP includes a substrate 2 having a die receiving
cavity 4 formed therein to receive a die 16. Pluralities of through holes 6 are
created through the substrate 2 from upper surface to lower surface of the subst
rate 2. A conductive material will be re-filled into the through holes 6 for ele
ctrical communication. Terminal Pads 8 are located on the lower surface of the s
ubstrate and connected to the through holes 6 with conductive material. A conduc
tive circuit trace 10 is configured on the lower surface of the substrate 2. A p
rotective layer 12, for instance solder mask epoxy, is formed over the conductiv
e trace 10 for protection.

The die 16 is disposed within the die receiving cavity 4 on the substrate 2

and fixed by an adhesion material 14. As know, contact pads (Bonding pads) 20 a
re formed on the die 16. A photosensitive layer or dielectric layer 18 is formed
over the die and filling into the space between the die 16 and the walls of the
cavity 4. Pluralities of openings are formed within the dielectric layer 18 thr
ough the lithography process or exposure procedure. The pluralities of openings
are aligned to the contact via through holes 6 and the contact or 1/0 pads 20, r
espectively. The RDL (re-distribution layer) 24, also referred to as metal trace
24, is formed on the dielectric layer 18 by removing selected portions of metal
layer formed over the layer 18, wherein the RDL 24 keeps electrically connected
with the die 16 through the 1/0 pads 20. A part of the material of the RDL will
re-fills into the openings in the dielectric layer 18, thereby forming contact
via metal 22 over the through holes 6 and pad metal over the bonding pad 20. A p
rotection layer 26 is formed to cover the RDL 24.

The dielectric layer 18 is formed atop of the die 16 and substrate and fTill
s the space surrounding the die 2. The aforementioned structure constructs LGA t
ype package. An alternative embodiment can be seen in figure 2, Conductive balls

30 are formed under the terminal pads 8. This type is called BGA type. Preferab
ly, the material of the substrate 2 is organic substrate likes FR5, BT, PCB with
defined cavity or Alloy42 with pre etching circuit. The organic substrate with

high Glass transition temperature (Tg) are epoxy type FR5 or BT (Bismaleimide tr
iazine) type substrate. The Alloy42 is composed of 420 Ni and 580 Fe. Kovar can

be used also, and it is composed of 290 Ni, 170 Co, 540 Fe. The glass, ceramic,

silicon can be used as the substrate. Please refer to figure 3, the depth of the
cavity 4 could be little thick than the thickness of the die 16. It could be de
eper as well. The other parts are similar to figure 1, therefore, the reference

numbers of the similar parts are omitted.

The substrate could be round type such as wafer type, the diameter could be

200, 300 mm or higher. 1t could be employed for rectangular type such as panel
form. Figure 4 illustrates the substrate 2 for the panel wafer form. As can be s
een from the drawings, the substrates 2 are formed with cavities 4 and built in
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circuit 10, the through holes structure 6 with metal filled therein. In the uppe
r portion of figure 4, the units 2 of figure 1 are arranged In a matrix form. A
scribe line 28 is defined between the units 2 for separating each unit 2.

In one embodiment of the present invention, the dielectric layer 18 is pref
erably an elastic dielectric material which is made by silicone dielectric mater
ials comprising siloxane polymers (SINR), silicon oxide, silicon nitride, and co
mposites thereof. In another embodiment, the dielectric layer is made by a mater
ial comprising benzocyclobutene (BCB), epoxy, polyimides (Pl) or resin. Preferab
ly, it is a photosensitive layer for simple process.

In one embodiment of the present invention, the elastic dielectric layer is

a kind of material with CTE larger than 100 (ppm/C ), elongation rate about 40
percent (preferably 30 percent-50 percent), and the hardness of the material is
between plastic and rubber. The thickness of the elastic dielectric layer 18 dep
ends on the stress accumulated in the RDL/dielectric layer interface during temp
erature cycling test.

In one embodiment of the invention, the material of the RDL 24 comprises T
i/Cu/Au alloy or Ti/Cu/Ni/Au alloy; the thickness of the RDL 24 is between 2um_a
nd_15um. The Ti/Cu alloy is formed by sputtering technique also as seed metal la
yers, and the Cu/Au or CU/Ni/Au alloy is formed by electroplating; exploiting th
e electro-plating process to form the RDL can make the RDL thick enough to withs
tand CTE mismatching during temperature cycling. The metal pads 20 can be Al or
Cu or combination thereof. If the structure of FO-WLP utilizes SINR as the elast
ic dielectric layer and Cu as the RDL. According the stress analysis not shown h
ere, the stress accumulated in the RDL/dielectric layer interface is reduced.

As shown in Figure 1-3, the RDL 24 fans out of the die and the communicates
downwardly toward the terminal pads 8 under the package through hole structure.
It is different from the prior art technology which stacks layers over the die,
thereby increasing the thickness of the package. However, it violates the rule

to reduce the die package thickness. On the contrary, the terminal pads are loca
ted on the surface that is opposite to the die pads side. The communication trac
es are penetrates through the substrate 2 via the through holes and leads the si
gnal to the terminal pad 8. Therefore, the thickness of the die package maybe sh
rinkage. The package of the present invention will be thinner than the prior art

. Further, the substrate is pre-prepared before package. The cavity 4 and the tr
aces 10 are pre-determined as well. Thus, the throughput will be improved than e
ver. The present invention discloses a fan-out WLP without stacked built-up laye
rs over the RDL.

The process for the present invention includes providing an alignment tool
with alignment pattern formed thereon. Then, the pattern glues is printed on the

tool (be used for sticking the surface of dice), followed by using pick and pla
ce fine alignment system with flip chip function to re-distribute the known good

dies on the tool with desired pitch. The pattern glues will stick the chips on

the tool. Subsequently, the die attached materials is printed on the die back si
de. Then, the panel bonder is used to bond the substrate on to die back side; th
e upper surface of substrate except the cavities also be stuck on the pattern gl
ues, then vacuum curing and separate the tool with panel wafer.

Alternatively, the die bonder machine with fine alignment is employed, and
the die attached materials is dispensed on the cavity of substrate. The die is p
laced on to the cavity of substrate. The die attached materials is thermally cur
ed to ensure the die is attached on the substrate.
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Once the die is re-distributed on the substrate, then, a clean up procedure
is performed to clean the dice surface by wet and/or dry clean. Next step is to
coat the dielectric materials on the panel, followed by performing vacuum proce

dure to ensure there is no bubble within the panel. Subsequently, lithography pr
ocess is performed to open via and Al bonding pads and/or the scribe line (optio
nal). Plasma clean step is then executed to clean the surface of via holes and A
I bonding pads. Next step is to sputter Ti/Cu as seed metal layers, and then Pho
to Resistor (PR) is coated over the dielectric layer and seed metal layers for f
orming the patterns of redistributed metal layers (RDL). Then, the electro plati
ng is processed to form Cu/Au or Cu/Ni/Au as the RDL metal, followed by strippin
g the PR and metal wet etching metal to form the RDL metal trace. Subsequently,
the next step is to coat or print the top dielectric layer and/or to open the sc
ribe line (optional).

After the ball placement or solder paste printing, the heat re-flow procedu
re is performed to re-flow on the substrate side (for BGA type). The testing is
executed. Panel wafer level final testing is performed by using vertical probe c
ard. After the testing, the substrate is sawed to singular the package into indi
vidual units. Then, the packages are respectively picked and placed the package
on the tray or tape and reel.

The advantages of the present invention are:

The substrate is pre-prepared with pre-form cavity; the size of cavity equa
I to (die size +plus around 50um to 100um per /side; it can be used as stress b
uffer releasing area by filling the elastic dielectric materials to absorb the t
hermal stress due to the CTE difference between silicon die and substrate (FR5/B
T)). The packaging throughput will be increased (manufacturing cycle time was re
duced) due to apply the simple build up layers on top the surface of die. The te
rminal pads are formed on the opposite surface to the dice active surface. The d
ice placement process is the same as the current process. No core paste (resin,
epoxy compound, silicone rubber, etc.) Filling is necessary for the present inve
ntion. There is no CTE mismatching issue during panel form process and the deepn
ess between die and substrate FR4 is onlyaround ~20 30um (be used for thickness

of die attached materials), the surface level of die and substrate can be the s
ame after die is attached on the cavities of substrate. Only silicone dielectric
material (preferably SINR) is coated on the active surface and the substrate (p
referably FR45 or BT) surface. The contacting via structure is opened by using p
hoto mask process only due to the dielectric layer (SINR) is photosensitive laye
r for opening the contacting Via. Vacuum process during SINR coating is used to
eliminate the bubble issue. The die attached material is printed on the back-sid
e of dice before substrate be bonded together with dice (chips). The reliability
for both package and board level is better than ever, especially, for the board
level temperature cycling test, it was due to the CTE of substrate and PCB moth
er board are identical, so, no thermal mechanical stress be applied on the solde
r bumps/balls. The cost is low and the process is simple. It is easy to form the
combo package (dual dice package).

Although preferred embodiments of the present invention have been described
, it will be understood by those skilled in the art that the present invention s

hould not be limited to the described preferred embodiments. Rather, various cha
nges and modifications can be made within the spirit and scope of the present in
vention, as defined by the following Claims.
Claims
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What is claimed is:
1. A structure of package comprising:
a substrate with a die receiving cavity formed within an upper surface of said s
ubstrate and a through hole structure formed there through, wherein a terminal p
ad is formed under said through hole structure and a conductive trace formed on
lower surface of said substrate;
die disposed within said die receiving cavity by adhesion;

re-distribution layer (RDL) formed on said dielectric layer, wherein said RDL

a

a

a dielectric layer formed on said die and said substrate; and

a

is coupled to said die and said terminal pad through said through hole structure

2. The structure of claim 1, further comprising conductive bumps coupled to said
terminal pad, or a protection layer formed on said lower surface to cover said

conductive trace.

3. The structure of claim 1, wherein said dielectric layer comprises an elastic

dielectric layer or a photosensitive layer; wherein said RDL fans out from said

die; wherein said RDL communicates to said terminal pad downwardly via said thro

ugh holes structure; wherein said dielectric layer comprises a silicone dielectr
ic based material, BCB or Pl, wherein said silicone dielectric based material co

mprises siloxane polymers (SINR), silicon oxide, silicon nitride, or composites

thereof; wherein said RDL is made from an alloy comprising Ti/Cu/Au alloy or Ti/

Cu/Ni/Au alloy; wherein the material of said substrate includes epoxy type FR5,

FR4, BT, PCB (print circuit board), alloy, metal, Alloy42 (420 Ni-580 Fe), Kovar
(290 Ni-170 Co-540 Fe), glass, silicon, or ceramic.

4. A method for forming semiconductor device package comprising:

providing a substrate with a die receiving cavity formed within an upper surface
of saild substrate and a through hole structure formed there through, wherein a

terminal pad is formed under said through hole structure and said substrate incl

udes a conductive trace formed on a lower surface of said substrate;

using a pick and place fine alignment system to re-distribute known good dice on
a tool with desired pitch;

attaching adhesive material on die back side; and

bonding said substrate on to said die back side, and curing then separating said
tool.

5. The method of Claim 4, further comprising:

coating a dielectric material on said substrate, followed by performing vacuum p
rocedure;

opening via structure and 1/0 pads;

sputtering seed metal layer over said dielectric layer and said via structure an
d said 1/0 pads;

forming RDL metal on said dielectric layer; andd O O 0O

forming a top dielectric layer over said RDL.

ABSTRACT OF THE INVENTION

The present invention provides a structure of package comprising a substrate wit
h a die receiving cavity formed within an upper surface of the substrate and a t
hrough hole structure formed there through, wherein a terminal pad is formed und
er the through hole structure and the substrate includes a conductive trace form
ed on a lower surface of the substrate. A die is disposed within the die receivi
ng cavity by adhesion and a dielectric layer formed on the die and the substrate
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- A re-distribution metal layer (RDL) is formed on the dielectric layer and coup

led to the die and the through hole structure. Conductive bumps are coupled to t
he terminal pad.
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