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(57) ABSTRACT 

A semiconductor chip assembly includes a semiconductor 
device, a heat spreader, a conductive trace and an adhesive. 
The semiconductor device extends into a cavity in the adhe 
sive, is electrically connected to the conductive trace and is 
thermally connected to the heat spreader. The heat spreader 
includes a post and a base. The post extends upwardly from 
the base into an opening in the adhesive and is located below 
the cavity, and the base extends laterally from the post. The 
cavity extends to the post. The adhesive extends between the 
cavity and the conductive trace and between the base and the 
conductive trace. The conductive trace is located outside the 
cavity and provides signal routing between a pad and a ter 
minal. 
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SEMCONDUCTOR CHIPASSEMBLY WITH 
POSTABASE HEAT SPREADER AND CAVITY 

OVER POST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
application Ser. No. 12/616,773 filed Nov. 11, 2009, which is 
incorporated by reference. This application is also a continu 
ation-in-part of U.S. application Ser. No. 12/616,775 filed 
Nov. 11, 2009, which is incorporated by reference. 
0002 U.S. application Ser. No. 12/616,773 filed Nov. 11, 
2009 and U.S. application Ser. No. 12/616,775 filed Nov. 11, 
2009 are each a continuation-in-part of U.S. application Ser. 
No. 12/557.540 filed Sep. 11, 2009 and a continuation-in-part 
of U.S. application Ser. No. 12/557,541 filed Sep. 11, 2009. 
0003 U.S. application Ser. No. 12/557,540 filed Sep. 11, 
2009 and U.S. application Ser. No. 12/557,541 filed Sep. 11, 
2009 are each a continuation-in-part of U.S. application Ser. 
No. 12/406,510 filed Mar. 18, 2009, which claims the benefit 
of U.S. Provisional Application Ser. No. 61/071,589 filed 
May 7, 2008, U.S. Provisional Application Ser. No. 61/071, 
588 filed May 7, 2008, U.S. Provisional Application Ser. No. 
61/071,072 filed Apr. 11, 2008, and U.S. Provisional Appli 
cation Ser. No. 61/064,748 filed Mar. 25, 2008, each of which 
is incorporated by reference. U.S. application Ser. No. 
12/557,540 filed Sep. 11, 2009 and U.S. application Ser. No. 
12/557,541 filed Sep. 11, 2009 also claim the benefit of U.S. 
Provisional Application Ser. No. 61/150,980 filed Feb. 9, 
2009, which is incorporated by reference. 

BACKGROUND OF THE INVENTION 

0004. 1. Field of the Invention 
0005. The present invention relates to semiconductor chip 
assembly, and more particularly to a semiconductor chip 
assembly with a semiconductor device, a conductive trace, an 
adhesive and a heat spreader and its method of manufacture. 
0006 2. Description of the Related Art 
0007 Semiconductor devices such as packaged and 
unpackaged semiconductor chips have high Voltage, high 
frequency and high performance applications that require 
substantial power to perform the specified functions. As the 
power increases, the semiconductor device generates more 
heat. Furthermore, the heat build-up is aggravated by higher 
packing density and Smaller profile sizes which reduce the 
Surface area to dissipate the heat. 
0008 Semiconductor devices are susceptible to perfor 
mance degradation as well as short life span and immediate 
failure at high operating temperatures. The heat not only 
degrades the chip, but also imposes thermal stress on the chip 
and Surrounding elements due to thermal expansion mis 
match. As a result, the heat must be dissipated rapidly and 
efficiently from the chip to ensure effective and reliable 
operation. A high thermal conductivity path typically requires 
heat conduction and heat spreading to a much larger Surface 
area than the chip or a die pad it is mounted on. 
0009 Light emitting diodes (LEDs) have recently become 
popular alternatives to incandescent, fluorescent and halogen 
light sources. LEDs provide energy efficient, cost effective, 
long term lighting for medical, military, signage, signal, air 
craft, maritime, automotive, portable, commercial and resi 
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dential applications. For instance, LEDs provide light sources 
for lamps, flashlights, headlights, flood lights, traffic lights 
and displayS. 
0010 LEDs include high power chips that generate high 
light output and considerable heat. Unfortunately, LEDs 
exhibit color shifts and low light output as well as short 
lifetimes and immediate failure at high operating tempera 
tures. Furthermore, LED light output and reliability are con 
strained by heat dissipation limits. LEDs underscore the criti 
cal need for providing high power chips with adequate heat 
dissipation. 
0011 LED packages usually include an LED chip, a sub 
mount, electrical contacts and a thermal contact. The Sub 
mount is thermally connected to and mechanically supports 
the LED chip. The electrical contacts are electrically con 
nected to the anode and cathode of the LED chip. The thermal 
contact is thermally connected to the LED chip by the sub 
mount but requires adequate heat dissipation by the underly 
ing carrier to prevent the LED chip from overheating. 
0012 Packages and thermal boards for high power chips 
have been developed extensively in the industry with a wide 
variety of designs and manufacturing techniques in attempts 
to meet performance demands in an extremely cost-competi 
tive environment. 
0013 Plastic ball grid array (PBGA) packages have a chip 
and a laminated Substrate enclosed in a plastic housing and 
are attached to a printed circuit board (PCB) by solder balls. 
The laminated substrate includes a dielectric layer that often 
includes fiberglass. The heat from the chip flows through the 
plastic and the dielectric layer to the solder balls and then the 
PCB. However, since the plastic and the dielectric layer typi 
cally have low thermal conductivity, the PBGA provides poor 
heat dissipation. 
0014 Quad-Flat-No Lead (QFN) packages have the chip 
mounted on a copper die pad which is soldered to the PCB. 
The heat from the chip flows through the die pad to the PCB. 
However, since the lead frame type interposer has limited 
routing capability, the QFN package cannot accommodate 
high input/output (I/O) chips or passive elements. 
0015 Thermal boards provide electrical routing, thermal 
management and mechanical Support for semiconductor 
devices. Thermal boards usually include a substrate for signal 
routing, aheat spreader or heat sink for heat removal, pads for 
electrical connection to the semiconductor device and termi 
nals for electrical connection to the next level assembly. The 
Substrate can be a laminated structure with single layer or 
multi-layer routing circuitry and one or more dielectric lay 
ers. The heat spreader can be a metal base, a metal slug or an 
embedded metal layer. 
0016. Thermal boards interface with the next level assem 
bly. For instance, the next level assembly can be a light fixture 
with a printed circuitboard and a heat sink. In this instance, an 
LED package is mounted on the thermal board, the thermal 
board is mounted on the heatsink, the thermal board/heat sink 
subassembly and the printed circuit board are mounted in the 
light fixture and the thermal board is electrically connected to 
the printed circuit board by wires. The substrate routes elec 
trical signals to the LED package from the printed circuit 
board and the heat spreader spreads and transfers heat from 
the LED package to the heat sink. The thermal board thus 
provides a critical thermal path for the LED chip. 
(0017 U.S. Pat. No. 6,507,102 to Juskey et al. discloses an 
assembly in which a composite Substrate with fiberglass and 
cured thermosetting resin includes a central opening, a heat 
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slug with a square or rectangular shape resembling the central 
opening is attached to the Substrate at sidewalls of the central 
opening, top and bottom conductive layers are attached to the 
top and bottom of the substrate and electrically connected to 
one another by plated through-holes through the Substrate, a 
chip is mounted on the heat slug and wire bonded to the top 
conductive layer, an encapsulant is molded on the chip and 
solder balls are placed on the bottom conductive layer. 
0018. During manufacture, the substrate is initially a 
prepreg with B-stage resin placed on the bottom conductive 
layer, the heat slug is inserted into the central opening and on 
the bottom conductive layer and spaced from the substrate by 
a gap, the top conductive layer is mounted on the Substrate, 
the conductive layers are heated and pressed towards one 
another so that the resin melts, flows into the gap and Solidi 
fies, the conductive layers are patterned to form circuit traces 
on the Substrate and expose the excess resin flash on the heat 
slug, and the excess resin flash is removed to expose the heat 
slug. The chip is then mounted on the heat slug, wire bonded 
and encapsulated. 
0019. The heat flows from the chip through the heat slug to 
the PCB. However, manually dropping the heat slug into the 
central opening is prohibitively cumbersome and expensive 
for high volume manufacture. Furthermore, since the heat 
slug is difficult to accurately position in the central opening 
due to tight lateral placement tolerance, Voids and inconsis 
tent bond lines arise between the substrate and the heat slug. 
The substrate is therefore partially attached to the heat slug, 
fragile due to inadequate support by the heat slug and prone to 
delamination. In addition, the wet chemical etch that removes 
portions of the conductive layers to expose the excess resin 
flash also removes portions of the heat slug exposed by the 
excess resin flash. The heat slug is therefore non-planar and 
difficult to bond to. As a result, the assembly suffers from high 
yield loss, poor reliability and excessive cost. 
0020 U.S. Pat. No. 6,528,882 to Ding et al. discloses a 
thermal enhanced ball grid array package in which the Sub 
strate includes a metal core layer. The chip is mounted on a die 
pad region at the top Surface of the metal core layer, an 
insulating layer is formed on the bottom surface of the metal 
core layer, blind vias extend through the insulating layer to 
the metal core layer, thermal balls fill the blind vias and solder 
balls are placed on the substrate and aligned with the thermal 
balls. The heat from the chip flows through the metal core 
layer to the thermal balls to the PCB. However, the insulating 
layer sandwiched between the metal core layer and the PCB 
limits the heat flow to the PCB. 

0021 U.S. Pat. No. 6,670.219 to Lee et al. discloses a 
cavity down ball grid array (CDBGA) package in which a 
ground plate with a central opening is mounted on a heat 
spreader to form a thermal dissipating Substrate. A substrate 
with a central opening is mounted on the ground plate using 
an adhesive with a central opening. A chip is mounted on the 
heat spreader in a cavity defined by the central opening in the 
ground plate and solder balls are placed on the Substrate. 
However, since the solder balls extend above the substrate, 
the heat spreader does not contact the PCB. As a result, the 
heat spreader releases the heat by thermal convection rather 
than thermal conduction which severely limits the heat dissi 
pation. 
0022 U.S. Pat. No. 7038.311 to Woodall et al. discloses a 
thermal enhanced BGA package in which a heat sink with an 
inverted T-like shape includes a pedestal and an expanded 
base, a Substrate with a window opening is mounted on the 
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expanded base, an adhesive attaches the pedestal and the 
expanded base to the Substrate, a chip is mounted on the 
pedestal and wire bonded to the Substrate, an encapsulant is 
molded on the chip and solder balls are placed on the sub 
strate. The pedestal extends through the window opening, the 
substrate is supported by the expanded base and the solder 
balls are located between the expanded base and the perimeter 
of the substrate. The heat from the chip flows through the 
pedestal to the expanded base to the PCB. However, since the 
expanded base must leave room for the solder balls, the 
expanded base protrudes below the substrate only between 
the central window and the innermost solder ball. Conse 
quently, the Substrate is unbalanced and wobbles and warps 
during manufacture. This creates enormous difficulties with 
chip mounting, wire bonding and encapsulant molding. 
0023. Furthermore, the expanded base may be bent by the 
encapsulant molding and may impede soldering the package 
to the next level assembly as the solder balls collapse. As a 
result, the package suffers from high yield loss, poor reliabil 
ity and excessive cost. 
(0024 U.S. Patent Application Publication No. 2007/ 
0267642 to Erchak et al. discloses a light emitting device 
assembly in which a base with an inverted T-like shape 
includes a Substrate, a protrusion and an insulative layer with 
an aperture, electrical contacts are mounted on the insulative 
layer, a package with an aperture and a transparent lid is 
mounted on the electrical contacts and an LED chip is 
mounted on the protrusion and wire bonded to the substrate. 
The protrusion is adjacent to the Substrate and extends 
through the apertures in the insulative layer and the package 
into the package, the insulative layer is mounted on the Sub 
strate, the electrical contacts are mounted on the insulative 
layer and the package is mounted on the electrical contacts 
and spaced from the insulative layer. The heat from the chip 
flows through the protrusion to the substrate to a heat sink. 
However, the electrical contacts are difficult to mount on the 
insulating layer, difficult to electrically connect to the next 
level assembly and fail to provide multi-layer routing. 
0025 Conventional packages and thermal boards thus 
have major deficiencies. For instance, dielectrics with low 
thermal conductivity Such as epoxy limit heat dissipation, 
whereas dielectrics with higher thermal conductivity such as 
epoxy filled with ceramic or silicon carbide have low adhe 
sion and are prohibitively expensive for high Volume manu 
facture. The dielectric may delaminate during manufacture or 
prematurely during operation due to the heat. The Substrate 
may have single layer circuitry with limited routing capability 
or multi-layer circuitry with thick dielectric layers which 
reduce heat dissipation. The heat spreader may be inefficient, 
cumbersome or difficult to thermally connect to the next level 
assembly. The manufacturing process may be unsuitable for 
low cost, high volume manufacture. 
0026. In view of the various development stages and limi 
tations in currently available packages and thermal boards for 
high power semiconductor devices, there is a need for a 
semiconductor chip assembly that is cost effective, reliable, 
manufacturable, versatile, provides flexible signal routing 
and has excellent heat spreading and dissipation. 

SUMMARY OF THE INVENTION 

0027. The present invention provides a semiconductor 
chip assembly that includes a semiconductor device, a heat 
spreader, a conductive trace and an adhesive. The semicon 
ductor device extends into a cavity in the adhesive, is electri 
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cally connected to the conductive trace and is thermally con 
nected to the heat spreader. The heat spreader includes a post 
and a base. The post extends upwardly from the base into an 
opening in the adhesive and is located below the cavity, and 
the base extends laterally from the post. The cavity extends to 
the post. The adhesive extends between the cavity and the 
conductive trace and between the base and the conductive 
trace. The conductive trace is located outside the cavity and 
provides signal routing between a pad and a terminal. 
0028. In accordance with an aspect of the present inven 

tion, a semiconductor chip assembly includes a semiconduc 
tor device, an adhesive, aheat spreader, a conductive trace and 
an encapsulant. The adhesive includes an opening. The heat 
spreader includes a post and a base, wherein the post is 
adjacent to the base and extends above the base in an upward 
direction, and the base extends below the post in a downward 
direction opposite the upward direction and extends laterally 
from the post in lateral directions orthogonal to the upward 
and downward directions. The conductive trace includes a 
pad and a terminal. A cavity in the adhesive extends to the post 
and faces in the upward direction. 
0029. The semiconductor device extends into the cavity, is 
above and overlaps the post, is electrically connected to the 
pad and thereby electrically connected to the terminal, and is 
thermally connected to the post and thereby thermally con 
nected to the base. The adhesive is mounted on and extends 
above the base, extends between the post and the pad, extends 
laterally from the post to or beyond the terminal and is sand 
wiched between the base and the pad. The conductive trace is 
located outside the cavity. The encapsulant extends into the 
cavity and covers the semiconductor device in the upward 
direction. The post extends into the opening and is located 
below the cavity, and the base extends below the semicon 
ductor device, the adhesive, the encapsulant and the pad. 
0030 The conductive trace can include the pad, the termi 
nal and a routing line, an electrically conductive path between 
the pad and the terminal can include the routing line and the 
pad, the terminal and the routing line can contact and overlap 
the adhesive. 

0031. In accordance with another aspect of the present 
invention, a semiconductor chip assembly includes a semi 
conductor device, an adhesive, a heat spreader, a Substrate, a 
conductive trace and an encapsulant. The adhesive includes 
an opening. The heat spreader includes a post and a base, 
wherein the post is adjacent to the base and extends above the 
base in an upward direction, and the base extends below the 
post in a downward direction opposite the upward direction 
and extends laterally from the post in lateral directions 
orthogonal to the upward and downward directions. The sub 
strate includes a dielectric layer, and an aperture extends 
through the Substrate. The conductive trace includes a pad and 
a terminal. A cavity in the adhesive extends to the post and 
faces in the upward direction. 
0032. The semiconductor device is located within the cav 

ity, is above and overlaps the post, is electrically connected to 
the pad and thereby electrically connected to the terminal, and 
is thermally connected to the post and thereby thermally 
connected to the base. The adhesive is mounted on and 
extends above the base, extends into a gap in the aperture 
between the cavity and the substrate, extends across the 
dielectric layer in the gap, extends laterally from the post to or 
beyond the terminal and is sandwiched between the encapsu 
lant and the dielectric layer and between the base and the 
dielectric layer. The substrate is mounted on the adhesive and 
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extends above the base. The conductive trace is located out 
side the cavity. The encapsulant extends into the cavity and 
covers the semiconductor device in the upward direction. The 
post extends into the opening and is located below the cavity, 
and the base extends below the semiconductor device, the 
adhesive, the encapsulant, the Substrate and the pad. 
0033. The heat spreader can consist of the post and the 
base. The heat spreader can also consist of copper, aluminum 
or copper/nickel/aluminum. In any case, the heat spreader 
provides heat dissipation and spreading from the semicon 
ductor device to the next level assembly. 
0034. The semiconductor device can be mounted on and 
overlap the post but not the substrate or the conductive trace, 
be electrically connected to the pad using a wire bond that 
extends outside the cavity and be thermally connected to the 
post using a die attach that is located within the cavity. For 
instance, the semiconductor device can extend within and 
outside the cavity and the wire bond can be located outside the 
cavity. Alternatively, the semiconductor device can be located 
within the cavity and the wire bond can extend within and 
outside the cavity. In any case, the semiconductor device is 
located within a periphery of the cavity and the wire bond 
extends within and outside the periphery of the cavity. 
0035. The semiconductor device can be a packaged or 
unpackaged semiconductor chip. For instance, the semicon 
ductor device can be an LED package that includes an LED 
chip. Alternatively, the semiconductor device can be a semi 
conductor chip Such as an LED chip. 
0036. The adhesive can contact the encapsulant and the 
dielectric layer in the gap and contact the base and the dielec 
tric layer outside the gap. The adhesive can also cover the 
substrate in the downward direction, cover and surround the 
post in the lateral directions and cover the base outside the 
post in the upward direction. The adhesive can also confor 
mally coat the sidewalls of the post and a top surface of the 
base outside the post. The adhesive can also be coplanar with 
a bottom of the post at the base. The adhesive can also fill the 
space between the cavity and the dielectric layer, fill the space 
between the base and the substrate and fill the space between 
the heat spreader and the substrate. 
0037. The adhesive can extend laterally from the post to or 
beyond the terminal. For instance, the adhesive and the ter 
minal can extend to peripheral edges of the assembly. In this 
instance, the adhesive extends laterally from the post to the 
terminal. Alternatively, the adhesive can extend to peripheral 
edges of the assembly and the terminal can be spaced from the 
peripheral edges of the assembly. In this instance, the adhe 
sive extends laterally from the post beyond the terminal. 
0038. The adhesive can overlap or be overlapped by the 
terminal. For instance, the terminal can extend above and 
overlap the dielectric layer and the adhesive and be coplanar 
with the pad. In this instance, the adhesive is overlapped by 
the terminal and the assembly provides horizontal signal rout 
ing between the pad and the terminal. Alternatively, the ter 
minal can extend below and be overlapped by the dielectric 
layer and the adhesive and be coplanar with the base. In this 
instance, the adhesive overlaps the terminal and the assembly 
provides vertical signal routing between the pad and the ter 
minal. 
0039. The post can be integral with the base. For instance, 
the post and the base can be a single-piece metal or include a 
single-piece metal at their interface, and the single-piece 
metal can be copper. The post can also be coplanar with the 
adhesive below the dielectric layer at the base. The post can 
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also have a cut-off conical shape in which its diameter 
decreases as it extends upwardly from the base to its top 
surface at the bottom of the cavity. 
0040. The base can cover the semiconductor device, the 
post, the adhesive, the encapsulant and the Substrate in the 
downward direction, Support the Substrate and extend to 
peripheral edges of the assembly. 
0041. The encapsulant can be located within or extend 
within and outside the cavity, can be laterally confined by or 
extend laterally from the cavity, can contact the semiconduc 
tor device and the adhesive in the cavity, can extend across 
and be spaced from the dielectric layer and can be spaced 
from the base. 
0042. The substrate can be spaced from the post and the 
base. The substrate can also be a laminated structure. The 
Substrate can also include a single conductive layer or mul 
tiple conductive layers. For instance, the Substrate can include 
a single conductive layer that contacts and extends above the 
dielectric layer. In this instance, the conductive layer includes 
the pad and the terminal. Thus, the substrate includes the 
terminal, the adhesive is overlapped by the terminal and the 
signal routing between the pad and the terminal occurs above 
but not through the dielectric layer. Alternatively, the sub 
strate can include a first conductive layer that contacts and 
extends above the dielectric layer, a second conductive layer 
that contacts and extends below the dielectric layer, and a via 
that extends through the dielectric layer and electrically con 
nects the conductive layers. In this instance, the first conduc 
tive layer includes the pad. Furthermore, (1) the first conduc 
tive layer includes the terminal and the substrate includes 
another via that extends through the dielectric layer and elec 
trically connects the conductive layers, in which case the 
substrate includes the terminal, the adhesive is overlapped by 
the terminal and the signal routing between the pad and the 
terminal occurs through the dielectric layer but not the adhe 
sive, or alternatively, (2) the terminal is below the adhesive 
and the substrate and the assembly includes another via that 
extends through the adhesive and electrically connects the 
terminal and the second conductive layer, in which case the 
substrate excludes the terminal, the adhesive overlaps the 
terminal and the signal routing between the pad and the ter 
minal occurs through the dielectric layer and the adhesive. In 
any case, the Substrate includes the pad and provides some or 
all of the signal routing between the pad and the terminal. 
0043. The pad can be an electrical contact for the semi 
conductor device, the terminal can be an electrical contact for 
the next level assembly, and the pad and the terminal can 
provide signal routing between the semiconductor device and 
the next level assembly. 
0044) The assembly can be a first-level or second-level 
single-chip or multi-chip device. For instance, the assembly 
can be a first-level package that contains a single chip or 
multiple chips. Alternatively, the assembly can be a second 
level module that contains a single LED package or multiple 
LED packages, and each LED package can contain a single 
LED chip or multiple LED chips. 
0045. The present invention provides a method of making 
a semiconductor chip assembly that includes providing a post 
and a base, mounting an adhesive on the base including insert 
ing the post into an opening in the adhesive, mounting a 
Substrate on the adhesive including aligning the post with an 
aperture in the substrate, then flowing the adhesive into and 
upward in a gap located in the aperture between the post and 
the Substrate, Solidifying the adhesive, then etching the post to 
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form a cavity in the adhesive above the post, then mounting a 
semiconductor device on the post, wherein a heat spreader 
includes the post and the base and the semiconductor device 
extends into the cavity, electrically connecting the semicon 
ductor device to the Substrate and thermally connecting the 
semiconductor device to the heat spreader. 
0046. In accordance with an aspect of the present inven 
tion, a method of making a semiconductor chip assembly 
includes (1) providing a post, a base, an adhesive and a con 
ductive layer, wherein (a) the post is adjacent to the base, 
extends above the base in an upward direction, extends into an 
opening in the adhesive and is aligned with an aperture in the 
conductive layer, (b) the base extends below the post in a 
downward direction opposite the upward direction and 
extends laterally from the post in lateral directions orthogonal 
to the upward and downward directions, (c) the adhesive is 
mounted on and extends above the base, is sandwiched 
between the base and the conductive layer and is non-solidi 
fied, and (d) the conductive layer is mounted on and extends 
above the adhesive, then (2) flowing the adhesive into and 
upward in a gap located in the aperture between the post and 
the conductive layer, (3) solidifying the adhesive, (4) provid 
ing a conductive trace that includes a pad, a terminal and a 
selected portion of the conductive layer, (5) etching the post, 
thereby forming a cavity in the adhesive that is located above 
and extends to the postand faces in the upward direction, then 
(6) mounting a semiconductor device on the post, wherein a 
heat spreader includes the post and the base and the semicon 
ductor device overlaps the post and extends into the cavity, (7) 
electrically connecting the semiconductor device to the pad, 
thereby electrically connecting the semiconductor device to 
the terminal, and (8) thermally connecting the semiconductor 
device to the post, thereby thermally connecting the semicon 
ductor device to the base. 

0047. In accordance with another aspect of the present 
invention, a method of making a semiconductor chip assem 
bly includes (1) providing a post and a base, wherein the post 
is adjacent to and integral with the base and extends above the 
base in an upward direction, and the base extends below the 
post in a downward direction opposite the upward direction 
and extends laterally from the post in lateral directions 
orthogonal to the upward and downward directions, (2) pro 
viding an adhesive, wherein an opening extends through the 
adhesive, (3) providing a conductive layer, wherein an aper 
ture extends through the conductive layer, (4) mounting the 
adhesive on the base, including inserting the post into the 
opening, wherein the adhesive extends above the base and the 
post extends into the opening, (5) mounting the conductive 
layer on the adhesive, including aligning the post with the 
aperture, wherein the conductive layer extends above the 
adhesive and the adhesive is sandwiched between the base 
and the conductive layer and is non-solidified, then (6) apply 
ing heat to melt the adhesive, (7) moving the base and the 
conductive layer towards one another, thereby moving the 
post upward in the aperture and applying pressure to the 
molten adhesive between the base and the conductive layer, 
wherein the pressure forces the molten adhesive to flow into 
and upward in a gap located in the aperture between the post 
and the conductive layer, (8) applying heat to Solidify the 
molten adhesive, thereby mechanically attaching the post and 
the base to the conductive layer, then (9) providing a conduc 
tive trace that includes a pad, a terminal and a routing line, 
wherein the pad, the terminal and the routing line include 
selected portions of the conductive layer and an electrically 
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conductive path between the pad and the terminal includes the 
routing line, (10) etching the post, thereby forming a cavity in 
the adhesive that is located above and extends to the post and 
faces in the upward direction, then (11) mounting a semicon 
ductor device on the post, wherein a heat spreader includes 
the post and the base and the semiconductor device overlaps 
the post and extends into the cavity, (12) electrically connect 
ing the semiconductor device to the pad, thereby electrically 
connecting the semiconductor device to the terminal, and (13) 
thermally connecting the semiconductor device to the post, 
thereby thermally connecting the semiconductor device to the 
base. 

0048 Mounting the conductive layer can include mount 
ing the conductive layer alone on the adhesive, or alterna 
tively, attaching the conductive layer to a carrier, then mount 
ing the conductive layer and the carrier on the adhesive Such 
that the carrier overlaps the conductive layer and the conduc 
tive layer contacts the adhesive and is sandwiched between 
the adhesive and the carrier, and then, after solidifying the 
adhesive, removing the carrier and then providing the con 
ductive trace. 

0049. In accordance with another aspect of the present 
invention, a method of making a semiconductor chip assem 
bly includes (1) providing a post, a base, an adhesive and a 
substrate, wherein (a) the substrate includes a conductive 
layer and a dielectric layer, (b) the post is adjacent to the base, 
extends above the base in an upward direction, extends 
through an opening in the adhesive and extends into an aper 
ture in the substrate, (c) the base extends below the post in a 
downward direction opposite the upward direction and 
extends laterally from the post in lateral directions orthogonal 
to the upward and downward directions, (d) the adhesive is 
mounted on and extends above the base, is sandwiched 
between the base and the substrate and is non-solidified, (e) 
the substrate is mounted on and extends above the adhesive 
and the conductive layer extends above the dielectric layer, 
and (f) a gap is located in the aperture between the post and the 
substrate, then (2) flowing the adhesive into and upward in the 
gap, (3) Solidifying the adhesive, then (4) etching the post, 
thereby forming a cavity in the adhesive that is located above 
and extends to the post and faces in the upward direction, then 
(5) mounting a semiconductor device on the post, wherein a 
heat spreader includes the post and the base, the semiconduc 
tor device overlaps the post and extends into the cavity, a 
conductive trace includes a pad, a terminal and a selected 
portion of the conductive layer and the pad is electrically 
connected to the terminal, (6) electrically connecting the 
semiconductor device to the pad, thereby electrically con 
necting the semiconductor device to the terminal, and (7) 
thermally connecting the semiconductor device to the post, 
thereby thermally connecting the semiconductor device to the 
base. 

0050. In accordance with another aspect of the present 
invention, a method of making a semiconductor chip assem 
bly includes (1) providing a post and a base, wherein the post 
is adjacent to and integral with the base and extends above the 
base in an upward direction, and the base extends below the 
post in a downward direction opposite the upward direction 
and extends laterally from the post in lateral directions 
orthogonal to the upward and downward directions, (2) pro 
viding an adhesive, wherein an opening extends through the 
adhesive, (3) providing a Substrate that includes a conductive 
layer and a dielectric layer, wherein an aperture extends 
through the Substrate, (4) mounting the adhesive on the base, 
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including inserting the post through the opening, wherein the 
adhesive extends above the base and the post extends through 
the opening, (5) mounting the Substrate on the adhesive, 
including inserting the post into the aperture, wherein the 
substrate extends above the adhesive, the conductive layer 
extends above the dielectric layer, the post extends through 
the opening into the aperture, the adhesive is sandwiched 
between the base and the substrate and is non-solidified, and 
a gap is located in the aperture between the post and the 
substrate, then (6) applying heat to melt the adhesive, (7) 
moving the base and the Substrate towards one another, 
thereby moving the post upward in the aperture and applying 
pressure to the molten adhesive between the base and the 
substrate, wherein the pressure forces the molten adhesive to 
flow into and upward in the gap and the post and the molten 
adhesive extend above the dielectric layer, (8) applying heat 
to solidify the molten adhesive, thereby mechanically attach 
ing the post and the base to the substrate, then (9) etching the 
post, thereby forming a cavity in the adhesive that is located 
above and extends to the post and faces in the upward direc 
tion, then (10) mounting a semiconductor device on the post, 
wherein a heat spreader includes the post and the base, the 
semiconductor device overlaps the post and is located within 
the cavity, a conductive trace includes a pad, a terminal and a 
selected portion of the conductive layer and the pad is elec 
trically connected to the terminal, (11) electrically connect 
ing the semiconductor device to the pad, thereby electrically 
connecting the semiconductor device to the terminal, and (12) 
thermally connecting the semiconductor device to the post, 
thereby thermally connecting the semiconductor device to the 
base. 
0051 Providing the post and the base can include provid 
ing a metal plate, forming an etch mask on the metal plate that 
selectively exposes the metal plate, etching the metal plate in 
a pattern defined by the etch mask, thereby forming a recess 
in the metal plate that extends into but not through the metal 
plate, and then removing the etch mask, wherein the post is an 
unetched portion of the metal plate that protrudes above the 
base and is laterally surrounded by the recess, and the base is 
an unetched portion of the metal plate below the post and the 
CCCSS. 

0.052 Providing the adhesive can include providing a 
prepreg with uncured epoxy, flowing the adhesive can include 
melting the uncured epoxy and compressing the uncured 
epoxy between the base and the substrate, and solidifying the 
adhesive can include curing the molten uncured epoxy. 
0053 Providing the pad can include removing selected 
portions of the conductive layer after solidifying the adhesive. 
0054 Providing the pad can also include grinding the post, 
the adhesive and the conductive layer after solidifying the 
adhesive such that the post, the adhesive and the conductive 
layer are laterally aligned with one another at a top lateral 
Surface that faces in the upward direction, and then removing 
selected portions of the conductive layer such that the pad 
includes selected portions of the conductive layer. The grind 
ing can include grinding the adhesive without grinding the 
post and then grinding the post, the adhesive and the conduc 
tive layer. The removing can include applying a wet chemical 
etch to the conductive layer using an etch mask that defines 
the pad. 
0055 Providing the pad can also include depositing a sec 
ond conductive layer on the post, the adhesive and the con 
ductive layer after the grinding and then removing selected 
portions of the conductive layerS Such that the pad includes 
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selected portions of the conductive layers. Depositing the 
second conductive layer can include electrolessly plating a 
first plated layer on the post, the adhesive and the conductive 
layer and then electroplating a second plated layer on the first 
plated layer. The removing can include applying the wet 
chemical etch to the conductive layers using the etch mask to 
define the pad. 
0056 Providing the terminal can include removing 
selected portions of the conductive layer after solidifying the 
adhesive. Providing the terminal can also include the grinding 
and then removing selected portions of the conductive layer 
using the etch mask to define the terminal Such that the ter 
minal includes selected portions of the conductive layer. Pro 
viding the terminal can also include the grinding and then 
removing selected portions the conductive layers using the 
etch mask to define the terminal such that the terminal 
includes selected portions of the conductive layers. Thus, the 
pad and the terminal can be formed simultaneously using the 
same grinding, wet chemical etch and etch mask. 
0057 Forming the cavity can include etching the post 
before, during or after removing the selected portions of the 
conductive layer. Forming the cavity can also include remov 
ing selected portions of the second conductive layer. Forming 
the cavity can also using the etch mask to define the pad and 
expose the post. Thus, the pad and the cavity can be formed 
simultaneously using the same wet chemical etch and etch 
mask or sequentially using different wet chemical etches and 
etch masks. 
0058 Flowing the adhesive can include filling the gap 
with the adhesive. Flowing the adhesive can also include 
Squeezing the adhesive through the gap, above the post and 
the Substrate and on top surface portions of the post and the 
Substrate adjacent to the gap. 
0059 Solidifying the adhesive can include mechanically 
bonding the post and the base to the substrate. 
0060 Mounting the semiconductor device can include 
providing a die attach between a semiconductor chip and the 
post, electrically connecting the semiconductor device can 
include providing a wire bond between the chip and the pad, 
and thermally connecting the semiconductor device can 
include providing the die attach between the chip and the 
post. 
0061 The adhesive can contact the post, the base and the 
dielectric layer, cover the substrate in the downward direc 
tion, cover and Surround the post in the lateral directions and 
extend to peripheral edges of the assembly after the assembly 
is manufactured and detached from other assemblies in a 
batch. 

0062. The base can cover the semiconductor device, the 
post, the adhesive and the substrate in the downward direc 
tion, Support the Substrate and extend to peripheral edges of 
the assembly after the assembly is manufactured and 
detached from other assemblies in a batch. 
0063. The present invention has numerous advantages. 
The heat spreader can provide excellent heat spreading and 
heat dissipation without heat flow through the adhesive. As a 
result, the adhesive can be a low cost dielectric with low 
thermal conductivity and not prone to delamination. The post 
and the base can be integral with one another, thereby enhanc 
ing reliability. The cavity can focus the light generated by an 
LED chip mounted on the post within the cavity, thereby 
enhancing the light output. The adhesive can be sandwiched 
between the post and the substrate and between the base and 
the substrate, thereby providing a robust mechanical bond 
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between the heat spreader and the substrate. The substrate can 
provide single-layer signal routing with simple circuitry pat 
terns or flexible multi-layer signal routing with complex cir 
cuitry patterns. The conductive trace can provide horizontal 
signal routing between the pad and the terminal above the 
dielectric layer or vertical signal routing between the pad 
above the dielectric layer and the terminal below the adhesive. 
The base can provide mechanical Support for the Substrate, 
thereby preventing warping. The assembly can be manufac 
tured using low temperature processes which reduces stress 
and improves reliability. The assembly can also be manufac 
tured using well-controlled processes which can be easily 
implemented by circuit board, lead frame and tape manufac 
turerS. 

0064. These and other features and advantages of the 
present invention will be further described and more readily 
apparent from a review of the detailed description of the 
preferred embodiments which follows. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0065. The following detailed description of the preferred 
embodiments of the present invention can best be understood 
when read in conjunction with the following drawings, in 
which: 
0.066 FIGS. 1A-1D are cross-sectional views showing a 
method of making a post and a base in accordance with an 
embodiment of the present invention; 
0067 FIGS. 1E and 1F are top and bottom views, respec 
tively, corresponding to FIG. 1D; 
0068 FIGS. 2A and 2B are cross-sectional views showing 
a method of making an adhesive in accordance with an 
embodiment of the present invention; 
0069 FIGS. 2C and 2D are top and bottom views, respec 
tively, corresponding to FIG. 2B: 
0070 FIGS. 3A and 3B are cross-sectional views showing 
a method of making a substrate in accordance with an 
embodiment of the present invention; 
(0071 FIGS. 3C and 3D are top and bottom views, respec 
tively, corresponding to FIG. 3B; 
0072 FIGS. 4A-4N are cross-sectional views showing a 
method of making a thermal board with horizontal signal 
routing in accordance with an embodiment of the present 
invention; 
(0073 FIGS. 4O and 4P are top and bottom views, respec 
tively, corresponding to FIG. 4N: 
(0074 FIGS.5A, 5B and 5C are cross-sectional, top and 
bottom views, respectively, of a thermal board with vertical 
signal routing in accordance with an embodiment of the 
present invention; 
(0075 FIGS. 6A, 6B and 6C are cross-sectional, top and 
bottom views, respectively, of a thermal board with a conduc 
tive trace on an adhesive in accordance with an embodiment 
of the present invention; 
(0076 FIGS. 7A, 7B and 7C are cross-sectional, top and 
bottom views, respectively, of a thermal board with a rim in 
accordance with an embodiment of the present invention; 
(0077 FIGS. 8A, 8B and 8C are cross-sectional, top and 
bottom views, respectively, of a semiconductor chip assem 
bly that includes a thermal board, an LED chip, an encapsu 
lant and a lens in accordance with an embodiment of the 
present invention; 
(0078 FIGS. 9A, 9B and 9C are cross-sectional, top and 
bottom views, respectively, of a semiconductor chip assem 
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bly that includes a thermal board, an LED chip and an encap 
Sulant in accordance with an embodiment of the present 
invention; 
0079 FIGS. 10A, 10B and 10C are cross-sectional, top 
and bottom views, respectively, of a semiconductor chip 
assembly that includes athermal board, an LED chip and dual 
encapsulants in accordance with an embodiment of the 
present invention; and 
0080 FIGS. 11A, 11B and 11C are cross-sectional, top 
and bottom views, respectively, of a light source Subassembly 
that includes a semiconductor chip assembly and a heat sink 
in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

0081 FIGS. 1A-1D are cross-sectional views showing a 
method of making a post and a base in accordance with an 
embodiment of the present invention, and FIGS. 1E and 1F 
are top and bottom views, respectively, corresponding to FIG. 
1D. 
0082 FIG.1.A. is a cross-sectional view of metal plate 10 
which includes opposing major Surfaces 12 and 14. Metal 
plate 10 is illustrated as a copper plate with a thickness of 500 
microns. Copper has high thermal conductivity, good bond 
ability and low cost. Metal plate 10 can be various metals such 
as copper, aluminum, alloy 42, iron, nickel, silver, gold, com 
binations thereof, and alloys thereof. 
0.083 FIG. 1B is a cross-sectional view of etch mask 16 
and cover mask 18 formed on metal plate 10. Etch mask 16 
and cover mask 18 are illustrated as photoresist layers which 
are deposited on metal plate 10 using dry film lamination in 
which hot rolls simultaneously press photoresist layers 16 
and 18 onto surfaces 12 and 14, respectively. Wet spin coating 
and curtain coating are also suitable deposition techniques. A 
reticle (not shown) is positioned proximate to photoresist 
layer 16. Thereafter, photoresist layer 16 is patterned by 
selectively applying light through the reticle so that the pho 
toresist portions exposed to the light are rendered insoluble, 
applying a developer Solution to remove the photoresist por 
tions that are unexposed to the light and remain soluble and 
then hard baking, as is conventional. As a result, photoresist 
layer 16 has a pattern that selectively exposes Surface 12, and 
photoresist layer 18 remains unpatterned and covers Surface 
14. 
008.4 FIG. 1C is a cross-sectional view of recess 20 
formed into but not through metal plate 10 by etching metal 
plate 10 in the pattern defined by etch mask 16. The etching is 
illustrated as a front-side wet chemical etch. For instance, the 
structure can be inverted so that etch mask 16 faces downward 
and cover mask 18 faces upward as a bottom spray noZZle (not 
shown) that faces etch mask 16 upwardly sprays the wet 
chemical etch on metal plate 10 and etch mask 16 while a top 
spray nozzle (not shown) that faces cover mask 18 is deacti 
vated so that gravity assists with removing the etched byprod 
ucts. Alternatively, the structure can be dipped in the wet 
chemical etch since cover mask 18 provides back-side pro 
tection. The wet chemical etch is highly selective of copper 
and etches 300 microns into metal plate 10. As a result, recess 
20 extends from surface 12 into but not through metal plate 
10, is spaced from surface 14 by 200 microns and has a depth 
of 300 microns. The wet chemical etch also laterally under 
cuts metal plate 10 beneath etch mask 16. A suitable wet 
chemical etch can be provided by a solution containing alka 
line ammonia or a dilute mixture of nitric and hydrochloric 
acid. Likewise, the wet chemical etch can be acidic or alka 
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line. The optimal etch time for forming recess 20 without 
excessively exposing metal plate 10 to the wet chemical etch 
can be established through trial and error. 
I0085 FIGS. 1D, 1E and 1F are cross-sectional, top and 
bottom views, respectively, of metal plate 10 after etch mask 
16 and cover mask 18 are removed. The photoresist layers are 
stripped using a solvent. Such as a strong alkaline Solution 
containing potassium hydroxide with a pH of 14, that is 
highly selective of photoresist with respect to copper. 
I0086 Metal plate 10 as etched includes post 22 and base 
24. 
I0087 Post 22 is an unetched portion of metal plate 10 
defined by etch mask 16. Post 22 is adjacent to and integral 
with and protrudes above base 24 and is laterally surrounded 
by recess 20. Post 22 has a height of 300 microns (recess 20 
depth), a diameter at its top surface (circular portion of Sur 
face 12) of 1500 microns and a diameterat its bottom (circular 
portion adjacent to base 24) of 1600 microns. Thus, post 22 
has a cut-off conical shape (resembling a frustum) with 
tapered sidewalls in which its diameter decreases as it extends 
upwardly from base 24 to its flat circular top surface. The 
tapered sidewalls arise from the lateral undercutting by the 
wet chemical etch beneath etch mask 16. The top surface is 
concentrically disposed within a periphery of the bottom 
(shown in phantom in FIG. 1E). 
I0088 Base 24 is an unetched portion of metal plate 10 that 
is below post 22, extends laterally from post 22 in a lateral 
plane (with lateral directions such as left and right) and has a 
thickness of 200 microns (500–300). 
I0089 Post 22 and base 24 can be treated to improve bond 
ability to epoxy and solder. For instance, post 22 and base 24 
can be chemically oxidized or microetched to provide 
rougher Surfaces. 
0090 Post 22 and base 24 are illustrated as a subtractively 
formed single-piece metal (copper). Post 22 and base 24 can 
also be a stamped single-piece metal formed by stamping 
metal plate 10 with a contact piece with a recess or hole that 
defines post 22. Post 22 can also be formed additively by 
depositing post 22 on base 24 using electroplating, chemical 
vapor deposition (CVD), physical vapor deposition (PVD) 
and so on, for instance by electroplating a solder post 22 on a 
copper base 24, in which case post 22 and base 24 have a 
metallurgical interface and are adjacent to but not integral 
with one another. Post 22 can also be formed semi-additively, 
for instance by depositing an upper portion of post 22 on an 
etch-defined lower portion of post 22. Post 22 and base 24 can 
also be formed semi-additively by depositing a conformal 
upper portion of post 22 and base 24 on an etch-defined lower 
portion of post 22 and base 24. Post 22 can also be sintered to 
base 24. 
0091 FIGS. 2A and 2B are cross-sectional views showing 
a method of making an adhesive in accordance with an 
embodiment of the present invention, and FIGS. 2C and 2D 
are top and bottom views, respectively, corresponding to FIG. 
2B. 

0092 FIG. 2A is a cross-sectional view of adhesive 26. 
Adhesive 26 is illustrated as a prepreg with B-stage uncured 
epoxy provided as a non-solidified unpatterned sheet with a 
thickness of 180 microns. 
0093. Adhesive 26 can be various dielectric films or 
prepregs formed from numerous organic or inorganic electri 
cal insulators. For instance, adhesive 26 can initially be a 
prepreg in which thermosetting epoxy in resin form impreg 
nates a reinforcement and is partially cured to an intermediate 
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stage. The epoxy can be FR-4 although other epoxies Such as 
polyfunctional and bismaleimide triazine (BT) are suitable. 
For specific applications, cyanate esters, polyimide and PTFE 
are also Suitable epoxies. The reinforcement can be E-glass 
although other reinforcements such as S-glass, D-glass, 
quartz, kevlar aramid and paper are suitable. The reinforce 
ment can also be woven, non-woven or random microfiber. A 
filler such as silica (powdered fused quartz) can be added to 
the prepreg to improve thermal conductivity, thermal shock 
resistance and thermal expansion matching. Commercially 
available prepregs such as SPEEDBOARD C prepreg by 
W.L. Gore & Associates of Eau Claire, Wisconsin are suit 
able. 
0094 FIGS. 2B, 2C and 2D are cross-sectional, top and 
bottom views, respectively, of adhesive 26 with opening 28. 
Opening 28 is a central window that extends through adhesive 
26. Opening 28 is formed by mechanical drilling through the 
prepreg and has a diameter of 1650 microns. Opening 28 can 
be formed by other techniques such as punching and stamp 
1ng. 
0095 FIGS. 3A and 3B are cross-sectional views showing 
a method of making a substrate in accordance with an 
embodiment of the present invention, and FIGS. 3C and 3D 
are top and bottom views, respectively, corresponding to FIG. 
3B. 
0096 FIG.3A is across-sectional view of substrate 30 that 
includes conductive layer32 and dielectric layer 34. Conduc 
tive layer 32 is an electrical conductor that contacts and 
extends above dielectric layer 34, and dielectric layer 34 is an 
electrical insulator. For instance, conductive layer 32 is an 
unpatterned copper sheet with a thickness of 45 microns, and 
dielectric layer 34 is epoxy with a thickness of 135 microns. 
0097 FIGS. 3B, 3C and 3D are cross-sectional, top and 
bottom views, respectively, of substrate 30 with aperture 36. 
Aperture 36 is a central window that extends through sub 
strate 30. Aperture 36 is formed by mechanical drilling 
through conductive layer 32 and dielectric layer 34 and has a 
diameter of 1650 microns. Aperture 36 can be formed with 
other techniques such as punching and stamping. Preferably, 
opening 28 and aperture 36 have the same diameter and are 
formed in the same manner with the same drill bit at the same 
drilling station. 
0098. Substrate 30 is illustrated as a laminated structure. 
Substrate 30 can be other electrical interconnects such as a 
ceramic board or a printed circuit board. Likewise, substrate 
30 can include additional layers of embedded circuitry. 
0099 FIGS. 4A-4N are cross-sectional views showing a 
method of making a thermal board with horizontal signal 
routing that includes post 22, base 24, adhesive 26 and Sub 
strate 30 in accordance with an embodiment of the present 
invention, and FIGS. 4O and 4P are top and bottom views, 
respectively, corresponding to FIG. 4N. 
0100 FIG. 4A is a cross-sectional view of the structure 
with adhesive 26 mounted on base 24. Adhesive 26 is 
mounted by lowering it onto base 24 as post 22 is inserted into 
and through and upwards in opening 28. Adhesive 26 even 
tually contacts and rests on base 24. Preferably, post 22 is 
inserted into and extends through opening 28 without con 
tacting adhesive 26 and is aligned with and centrally located 
within opening 28. 
0101 FIG. 4B is a cross-sectional view of the structure 
with substrate 30 mounted on adhesive 26. Substrate 30 is 
mounted by lowering it onto adhesive 26 as post 22 is inserted 
into and upwards in aperture 36. Substrate 30 eventually 
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contacts and rests on adhesive 26. Preferably, post 22 is 
inserted into but not through aperture 36 without contacting 
substrate 30 and is aligned with and centrally located within 
aperture 36. As a result, gap 38 is located in aperture 36 
between post 22 and substrate 30. Gap 38 laterally surrounds 
post 22 and is laterally surrounded by substrate 30. In addi 
tion, opening 28 and aperture 36 are precisely aligned with 
one another and have the same diameter. 

0102 At this stage, substrate 30 is mounted on and con 
tacts and extends above adhesive 26. Post 22 extends through 
opening 28 into aperture 36 to dielectric layer 34, is 60 
microns below the top surface of conductive layer 32 and is 
exposed through aperture 36 in the upward direction. Adhe 
sive 26 contacts and is sandwiched between base 24 and 
substrate 30, contacts dielectric layer 34 but is spaced from 
conductive layer32 and remains a non-solidified prepreg with 
B-stage uncured epoxy, and gap 38 is filled with air. 
(0103 FIG. 4C is a cross-sectional view of the structure 
with adhesive 26 in gap 38. Adhesive 26 is flowed into gap 38 
by applying heat and pressure. In this illustration, adhesive 26 
is forced into gap 38 by applying downward pressure to 
conductive layer 32 and/or upward pressure to base 24, 
thereby moving base 24 and substrate 30 towards one another 
and applying pressure to adhesive 26 while simultaneously 
applying heat to adhesive 26. Adhesive 26 becomes compli 
ant enough under the heat and pressure to conform to virtually 
any shape. As a result, adhesive 26 sandwiched between base 
24 and substrate 30 is compressed, forced out of its original 
shape and flows into and upward in gap 38. Base 24 and 
substrate 30 continue to move towards one another and adhe 
sive 26 eventually fills gap 38. Moreover, adhesive 26 remains 
sandwiched between and continues to fill the reduced space 
between base 24 and substrate 30. 

0104 For instance, base 24 and conductive layer32 can be 
disposed between top and bottom platens (not shown) of a 
press. In addition, a top cull plate and top buffer paper (not 
shown) can be sandwiched between conductive layer 32 and 
the top platen, and a bottom cull plate and bottom buffer paper 
(not shown) can be sandwiched between base 24 and the 
bottom platen. The stack includes the top platen, top cull 
plate, top buffer paper, substrate 30, adhesive 26, base 24, 
bottom buffer paper, bottom cull plate and bottom platen in 
descending order. Furthermore, the stack may be positioned 
on the bottom platen by tooling pins (not shown) that extend 
upward from the bottom platenthrough registrationholes (not 
shown) in base 24. 
0105. The platens are heated and move towards one 
another, thereby applying heat and pressure to adhesive 26. 
The cull plates disperse the heat from the platens so that it is 
more uniformly applied to base 24 and substrate 30 and thus 
adhesive 26, and the buffer papers disperse the pressure from 
the platens so that it is more uniformly applied to base 24 and 
substrate 30 and thus adhesive 26. Initially, dielectric layer 34 
contacts and presses down on adhesive 26. As the platen 
motion and heat continue, adhesive 26 between base 24 and 
substrate 30 is compressed, melted and flows into and upward 
in gap 38 and across dielectric layer 34 to conductive layer32. 
For instance, the uncured epoxy is melted by the heat and the 
molten uncured epoxy is squeezed by the pressure into gap 
38, however the reinforcement and the filler remain between 
base 24 and substrate 30. Adhesive 26 elevates more rapidly 
than post 22 in aperture 36 and fills gap 38. Adhesive 26 also 
rises slightly above gap 38 and overflows onto the top sur 
faces of post 22 and conductive layer 32 adjacent to gap 38 
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before the platen motion stops. This may occur due to the 
prepreg being slightly thicker than necessary. As a result, 
adhesive 26 creates a thin coating on the top surface of post 
22. The platen motion is eventually blocked by post 22 and the 
platens become stationary but continue to apply heat to adhe 
sive 26. 
0106 The upward flow of adhesive 26 in gap 38 is shown 
by the thick upward arrows, the upward motion of post 22 and 
base 24 relative to substrate 30 is shown by the thin upward 
arrows, and the downward motion of substrate 30 relative to 
post 22 and base 24 is shown by the thin downward arrows. 
0107 FIG. 4D is a cross-sectional view of the structure 
with adhesive 26 solidified. 
0108 For instance, the platens continue to clamp post 22 
and base 24 and apply heat after the platen motion stops, 
thereby converting the B-stage molten uncured epoxy into 
C-stage cured or hardened epoxy. Thus, the epoxy is cured in 
a manner similar to conventional multi-layer lamination. 
After the epoxy is cured, the platens move away from one 
another and the structure is released from the press. 
0109 Adhesive 26 as solidified provides a secure robust 
mechanical bond between post 22 and substrate 30 as well as 
between base 24 and substrate 30. Adhesive 26 can withstand 
normal operating pressure without distortion or damage and 
is only temporarily distorted under unusually high pressure. 
Furthermore, adhesive 26 can absorb thermal expansion mis 
match between post 22 and substrate 30 and between base 24 
and substrate 30. 
0110. At this stage, post 22 and conductive layer 32 are 
essentially coplanar with one another and adhesive 26 and 
conductive layer 32 extend to a top surface that faces in the 
upward direction. For instance, adhesive 26 between base 24 
and dielectric layer 34 has a thickness of 120 microns which 
is 60 microns less than its initial thickness of 180 microns, 
post 22 ascends 60 microns in aperture 36 and substrate 30 
descends 60 microns relative to post 22. The 300 micron 
height of post 22 is essentially the same as the combined 
height of conductive layer32 (45 microns), dielectric layer 34 
(135 microns) and the underlying adhesive 26 (120 microns). 
Furthermore, post 22 continues to be centrally located in 
opening 28 and aperture 36 and spaced from substrate 30, and 
adhesive 26 fills the space between base 24 and substrate 30 
and fills gap 38. For instance, gap 38 (as well as adhesive 26 
between post 22 and substrate 30) has a width of 75 microns 
((1650-1500)/2) at the top surface of post 22. Adhesive 26 
extends across dielectric layer 34 in gap 38. That is, adhesive 
26 in gap 38 extends in the upward and downward directions 
across the thickness of dielectric layer 34 at the outer sidewall 
of gap 38. Adhesive 26 also includes a thin top portion above 
gap 38that contacts the top Surfaces of post 22 and conductive 
layer 32 and extends above post 22 by 10 microns. 
0111 FIG. 4E is a cross-sectional view of the structure 
after upper portions of post 22, adhesive 26 and conductive 
layer 32 are removed. 
0112 Post 22, adhesive 26 and conductive layer 32 have 
their upper portions removed by grinding. For instance, a 
rotating diamond sandwheel and distilled water areapplied to 
the top of the structure. Initially, the diamond sand wheel 
grinds only adhesive 26. As the grinding continues, adhesive 
26 becomes thinner as its grinded surface migrates down 
wardly. Eventually the diamond sand wheel contacts post 22 
and conductive layer 32 (not necessarily at the same time), 
and as a result, begins to grind post 22 and conductive layer32 
as well. As the grinding continues, post 22, adhesive 26 and 
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conductive layer 32 become thinner as their grinded surfaces 
migrate downwardly. The grinding continues until the desired 
thickness has been removed. Thereafter, the structure is 
rinsed in distilled water to remove contaminants. 

0113. The grinding removes a 25 micron thick upper por 
tion of adhesive 26, a 15 micron thickupper portion of post 22 
and a 15 micron thick upper portion of conductive layer32. 
The decreased thickness does not appreciably affect post 22 
or adhesive 26. However, it substantially reduces the thick 
ness of conductive layer 32 from 45 microns to 30 microns. 
0114. At this stage, post 22, adhesive 26 and conductive 
layer 32 are coplanar with one another at a smoothed lapped 
lateral top surface that is above dielectric layer34 and faces in 
the upward direction. 
0115 FIG. 4F is a cross-sectional view of the structure 
with etch mask 40 and cover mask 42 formed on the top and 
bottom surfaces, respectively, of the structure. Etch mask 40 
and cover mask 42 are illustrated as photoresist layers similar 
to photoresist layers 16 and 18, respectively. Photoresist layer 
40 has a pattern that selectively exposes conductive layer 32 
and covers post 22, and photoresist layer 42 remains unpat 
terned and covers base 24. 

0116 FIG. 4G is a cross-sectional view of the structure 
with selected portions of conductive layer 32 removed by 
etching conductive layer 32 in the pattern defined by etch 
mask 40. The etching is a front-side wet chemical etch similar 
to the etch applied to metal plate 10. The wet chemical etch 
etches through conductive layer 32 to expose adhesive 26 and 
dielectric layer 34 and converts conductive layer 32 from an 
unpatterned into a patterned layer, post 22 is not affected and 
base 24 remains unpatterned. 
0117 FIG. 4H is a cross-sectional view of the structure 
after etch mask 40 and cover mask 42 are removed. Photore 
sist layers 40 and 42 can be stripped in the same manner as 
photoresist layers 16 and 18. 
0118 Conductive layer32 as etched includes pad 44, rout 
ing line 46 and terminal 48. Pad 44, routing line 46 and 
terminal 48 are unetched portions of conductive layer 32 
defined by etch mask 40. Thus, conductive layer 32 is a 
patterned layer that includes pad 44, routing line 46 and 
terminal 48 and excludes post 22 and base 24. Furthermore, 
routing line 46 is a copper trace that contacts and extends 
above dielectric layer 34 and is adjacent to and electrically 
connects pad 44 and terminal 48. 
0119 Conductive trace 50 is provided by pad 44, routing 
line 46 and terminal 48. Similarly, an electrically conductive 
path between pad 44 and terminal 48 is routing line 46. 
Conductive trace 50 provides horizontal (lateral) fan-out 
routing from pad 44 to terminal 48. Conductive trace 50 is not 
be limited to this configuration. For instance, the electrically 
conductive path can include Vias that extend through dielec 
tric layer 34 and additional routing lines (above and/or below 
dielectric layer 34) as well as passive components such as 
resistors and capacitors mounted on additional pads. 
0120 FIG. 4I is a cross-sectional view of the structure 
with solder mask 52 formed on adhesive 26, dielectric layer 
34 and conductive trace 50. 

I0121 Solder mask 52 is an electrically insulative layer that 
is selectively patterned to expose post 22, pad 44 and terminal 
48 and cover routing line 46 and the exposed portions of 
dielectric layer 34 in the upward direction. Solder mask 52 
has a thickness of 25 microns above pad 44 and terminal 48 
and extends 55 microns (30+25) above dielectric layer 34. 
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0122) Solder mask 52 can initially be a photoimageable 
liquid resin that is dispensed on the structure. Thereafter, 
solder mask 52 is patterned by selectively applying light 
through a reticle (not shown) so that the solder mask portions 
exposed to the light are rendered insoluble, applying a devel 
oper solution to remove the Solder mask portions that are 
unexposed to the light and remain soluble and then hard 
baking, as is conventional. 
0123 FIG. 4J is a cross-sectional view of the structure 
with etch mask 54 and cover mask 56 formed on the top and 
bottom surfaces, respectively, of the structure. Etch mask 54 
and cover mask 56 are illustrated as photoresist layers similar 
to photoresist layers 16 and 18, respectively. Photoresist layer 
54 has a pattern that exposes post 22 and covers substrate 30, 
conductive trace 50 and solder mask 52, and photoresist layer 
56 remains unpatterned and covers base 24. 
012.4 FIG. 4K is a cross-sectional view of the structure 
with an upper portion of post 22 removed by etching post 22 
as fully exposed by etch mask 54. The etching is a front-side 
wet chemical etch similar to the etch applied to metal plate 10. 
The wet chemical etch etches into but not through post 22 to 
create cavity 58 in adhesive 26, base 24 is not affected and 
remains unpatterned and conductive trace 50 is not affected 
and remains patterned. 
0125. The wet chemical etch removes a 225 micron thick 
upper portion of post 22. Therefore, it reduces the thickness of 
post 22 from 285 microns (300-15) to 60 microns (285-225). 
Cavity 58 extends into adhesive 26, is located above and 
extends to and exposes post 22, is spaced from base 24 and 
faces in the upward direction. Thus, cavity 58 is defined by 
post 22 and adhesive 26. 
0126 FIG. 4L is a cross-sectional view of the structure 
after etch mask 54 and cover mask 56 are removed. Photore 
sist layers 54 and 56 can be stripped in the same manner as 
photoresist layers 16 and 18. 
0127 Cavity 58 has a depth of 225 microns (post 22 etched 
upper portion height), a diameter at its circular entrance (at 
the top surface of adhesive 26) of 1500 microns and a diam 
eter at its circular bottom (at the top surface of post 22) of 
1575 microns. Thus, cavity 58 has a cut-off conical shape 
(resembling a frustum) with tapered sidewalls in which its 
diameter decreases as it extends upwardly from post 22 to its 
entrance at the top of adhesive 26. Cavity 58 also has its 
entrance concentrically disposed within its bottomat post 22. 
0128. Heat spreader 60 includes post 22 and base 24. Heat 
spreader 60 is essentially a heat slug with an inverted T-like 
shape that includes a pedestal (post 22) and wings (base 24 
portions that extend laterally from the pedestal). 
0129 FIG. 4M is a cross-sectional view of the structure 
with plated contacts 62 formed on post 22, base 24, pad 44 
and terminal 48. 
0130 Plated contacts 62 are thin spot plated metal coat 
ings that contact post 22, pad 44 and terminal 48 and cover 
their exposed portions in the upward direction and contact 
base 24 and cover it in the downward direction. For instance, 
a nickel layer is electrolessly plated on post 22, base 24, pad 
44 and terminal 48, and then a silver layer is electroles sly 
plated on the nickel layer. The buried nickel layer has a 
thickness of 3 microns, the silver Surface layer has a thickness 
of 0.5 microns, and plated contacts 62 have a thickness of 3.5 
microns. 

0131 Post 22, base 24, pad 44 and terminal 48 treated with 
plated contacts 62 as a surface finish have several advantages. 
The buried nickel layer provides the primary mechanical and 
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electrical and/or thermal connection, and the silver Surface 
layer provides a wettable surface to facilitate solder reflow, a 
metallurgical surface for a wire bond and a reflective surface 
for an LED chip Subsequently mounted on post 22 in cavity 
58. Plated contacts 62 also protect post 22, base 24, pad 44 
and terminal 48 from corrosion. Plated contacts 62 can 
include a wide variety of metals to accommodate the external 
connection media. For instance, a gold Surface layer plated on 
a buried nickel layer can accommodate a solder joint or a wire 
bond. 
0.132. Post 22, base 24, pad 44 and terminal 48 treated with 
plated contacts 62 are shown as single layers for convenience 
of illustration. The boundary (not shown) between plated 
contacts 62 and post 22, base 24, pad 44 and terminal 48 
occurs at the copper/nickel interface. 
I0133. At this stage, the manufacture of thermal board 64 
can be considered complete. 
0.134 FIGS. 4N, 4O and 4P are cross-sectional, top and 
bottom views, respectively, of thermal board 64 after it is 
detached at peripheral edges along cut lines from a Support 
frame and/or adjacent thermal boards in a batch. 
0.135 Thermal board 64 includes adhesive 26, substrate 
30, solder mask 52 and heat spreader 60. Substrate 30 
includes dielectric layer 34 and conductive trace 50 which 
includes pad 44, routing line 46 and terminal 48. Heat 
spreader 60 includes post 22 and base 24. 
0.136 Post 22 extends into opening 28 and aperture 36, 
remains centrally located within opening 28 and aperture 36, 
remains centrally located beneath and exposed by cavity 58 
and is below dielectric layer 34. Post 22 retains its cut-off 
conical shape with tapered sidewalls in which its diameter 
decreases as it extends upwardly from base 24 to its flat 
circular top surface at the bottom of cavity 58. Post 22 is also 
coplanar with adhesive 26 at base 24 below dielectric layer 
34. Base 24 covers post 22, adhesive 26, substrate 30, con 
ductive trace 50 and solder mask 52 in the downward direc 
tion and extends to the peripheral edges of thermal board 64. 
0.137 Adhesive 26 is mounted on and extends above base 
24, contacts and is sandwiched between and fills the space 
between post 22 and dielectric layer34 in gap 38, contacts and 
is sandwiched between and fills the space between base 24 
and dielectric layer 34 outside gap 38, extends laterally from 
post 22 beyond and is overlapped by terminal 48, covers base 
24 outside the periphery of post 22 in the upward direction, 
covers substrate 30 in the downward direction, covers and 
surrounds post 22 in the lateral directions, fills the space 
between substrate 30 and heat spreader 60 and is solidified. 
0.138. Substrate 30 is mounted on and contacts adhesive 
26, extends above the underlying adhesive 26 and extends 
above base 24, dielectric layer 34 contacts and is sandwiched 
between adhesive 26 and conductive trace 50, and conductive 
trace 50 (as well as pad 44, routing line 46 and terminal 48) 
contacts and extends above dielectric layer 34. 
0.139 Post 22 and base 24 remain spaced from substrate 
30. As a result, substrate 30 and heat spreader 60 are mechani 
cally attached and electrically isolated from one another. 
0140 Base 24, adhesive 26, dielectric layer 34 and solder 
mask 52 extend to straight vertical peripheral edges of ther 
mal board 64 after it is detached or singulated from a batch of 
identical simultaneously manufactured thermal boards. 
0.141 Pad 44 is customized as an electrical interface for a 
semiconductor device Such as an LED chip that is Subse 
quently mounted on post 22, terminal 48 is customized as an 
electrical interface for the next level assembly such as a 
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solderable wire from a printed circuit board, and base 24 is 
customized as a thermal interface for the next level assembly 
Such as a heat sink for an electronic device. Furthermore, post 
22 is thermally connected to base 24. 
0142 Pad 44 and terminal 48 are laterally offset from one 
another and exposed at the top surface of thermal board 64, 
thereby providing horizontal fan-out routing between the 
semiconductor device and the next level assembly. Pad 44 and 
terminal 48 are also coplanar with one another at their top 
surfaces above dielectric layer 34. 
0143 Conductive trace 50 is shown in cross-section as a 
continuous circuit trace for convenience of illustration. How 
ever, conductive trace 50 typically provides horizontal signal 
routing in both the X and Y directions. That is, pad 44 and 
terminal 48 are laterally offset from one another in the X and 
Y directions, and routing line 46 routes in the X and Y direc 
tions. 

0144 Heat spreader 60 provides heat spreading and heat 
dissipation from a semiconductor device that is Subsequently 
mounted on post 22 to the next level assembly that thermal 
board 64 is Subsequently mounted on. The semiconductor 
device generates heat that flows into post 22 and through post 
22 into base 24 where it is spread out and dissipated in the 
downward direction, for instance to an underlying heat sink. 
0145 Thermal board 64 does not expose routing line 46. 
Routing line 46 is covered by solder mask 52 and is shown in 
phantom in FIG. 40 for convenience of illustration. 
0146 Thermal board 64 includes multiple conductive 
traces 50 that typically include pad 44, routing line 46 and 
terminal 48. A single conductive trace 50 is described and 
labeled for convenience of illustration. In conductive traces 
50, pads 44 and terminals 48 generally have identical shapes 
and sizes whereas routing lines 46 may (but need not) have 
different routing configurations. For instance, Some conduc 
tive traces 50 may be spaced and separated and electrically 
isolated from one another whereas other conductive traces 50 
can intersect or route to the same pad 44, routing line 46 or 
terminal 48 and be electrically connected to one another. 
Likewise, some pads 44 may receive independent signals 
whereas other pads 44 share a common signal, power or 
ground. 
0147 Thermal board 64 can be adapted for an LED pack 
age with blue, green and red LED chips, with each LED chip 
including an anode and a cathode and each LED package 
including a corresponding anode terminal and cathode termi 
nal. In this instance, thermal board 64 can include six pads 44 
and four terminals 48 so that each anode is routed from a 
separate pad 44 to a separate terminal 48 whereas each cath 
ode is routed from a separate pad 44 to a common ground 
terminal 48. 

0148. A brief cleaning step can be applied to the structure 
at various manufacturing stages to remove oxides and debris 
that may be present on the exposed metal. For instance, a brief 
oxygen plasma cleaning step can be applied to the structure. 
Alternatively, a brief wet chemical cleaning step using a 
Solution containing potassium permanganate can be applied 
to the structure. Likewise, the structure can be rinsed in dis 
tilled water to remove contaminants. The cleaning step cleans 
the desired surfaces without appreciably affecting or damag 
ing the structure. 
0149 Advantageously, there is no plating bus or related 
circuitry that need be disconnected or severed from conduc 
tive traces 50 after they are formed. A plating bus can be 
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disconnected during the wet chemical etch that forms pad 44. 
routing line 46 and terminal 48. 
0150. Thermal board 64 can include registrationholes (not 
shown) that are drilled or sliced through base 24, adhesive 26, 
substrate 30 and solder mask 52 so that thermal board 64 can 
be positioned by inserting tooling pins through the registra 
tion holes when it is Subsequently mounted on an underlying 
carrier. 
0151. Thermal board 64 can accommodate multiple semi 
conductor devices rather than one. This can be accomplished 
by adjusting etch mask 16 to define additional posts 22, 
adjusting adhesive 26 to include additional openings 28, 
adjusting substrate 30 to include additional apertures 36, 
adjusting etch mask 40 to define additional pads 44, routing 
lines 46 and terminals 48, adjusting Solder mask 52 to contain 
additional openings and adjusting etch mask 54 to expose 
additional posts 22. The elements except for terminals 48 can 
be laterally repositioned to provide a 2x2 array for four semi 
conductor devices. In addition, the topography (lateral shape) 
can be adjusted for some but not all of the elements. For 
instance, pads 44 and terminals 48 can retain the same topog 
raphy whereas routing lines 46 have different routing con 
figurations. 
0152 FIGS.5A, 5B and 5C are cross-sectional, top and 
bottom views, respectively, of a thermal board with vertical 
signal routing in accordance with an embodiment of the 
present invention. 
0153. In this embodiment, the terminal is located at the 
bottom of the thermal board. For purposes of brevity, any 
description of thermal board 64 is incorporated herein insofar 
as the same is applicable, and the same description need not 
be repeated Likewise, elements of the thermal board similar 
to those in thermal board 64 have corresponding reference 
numerals. 
0154 Thermal board 66 includes adhesive 26, substrate 
30, conductive trace 50, solder masks 52 and 53 and heat 
spreader 60. Substrate 30 includes dielectric layer 34. Con 
ductive trace 50 includes pad 44, routing line 46, via 47 and 
terminal 48. Heat spreader 60 includes post 22 and base 24. 
0155 Base 24 is thinner in this embodiment than the pre 
vious embodiment and is spaced from the peripheral edges of 
thermal board 66. Base 24 covers post 22 but not adhesive 26, 
substrate 30, conductive trace 50 or solder masks 52 and 53 in 
the downward direction. Base 24 also supports substrate 30 
and is coplanar with terminal 48 below adhesive 26. 
0156 Via 47 is an electrical conductor that extends verti 
cally from routing line 46 through dielectric layer 34 and 
adhesive 26 to terminal 48. Furthermore, terminal 48 contacts 
and extends below adhesive 26, is spaced from and extends 
below substrate 30 and is spaced from and located between 
base 24 and the peripheral edges of thermal board 66. Thus, 
adhesive 26 extends laterally from post 22 beyond and over 
laps terminal 48, via 47 is adjacent to and electrically con 
nects routing line 46 and terminal 48, and conductive trace 50 
provides vertical (top to bottom) signal routing from pad 44 to 
terminal 48. 
(O157 Solder mask 53 is an electrically insulative layer 
similar to solder mask 52 that exposes base 24 and terminal 48 
and covers the exposed portions of adhesive 26 in the down 
ward direction. 

0158. Thermal board 66 can be manufactured in a manner 
similar to thermal board 64 with suitable adjustments for base 
24, conductive trace 50 and solder masks 52 and 53. For 
instance, metal plate 10 has a thickness of 330 microns (rather 
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than 500 microns) so that base 24 has a thickness of 30 
microns (rather than 200 microns). Thereafter, adhesive 26 is 
mounted on base 24, substrate 30 is mounted on adhesive 26, 
heat and pressure are applied to flow and solidify adhesive 26 
and then grinding is applied to planarize the top Surface as 
previously described. Next, a hole is drilled downward 
through conductive layer 32, dielectric layer 34 and adhesive 
26 into but not through base 24 and then via 47 is deposited 
into the hole by electroplating, screen printing or dispensing 
by an injection noZZle in step-and-repeat fashion. Thereafter, 
conductive layer 32 is etched to form pad 44 and routing line 
46 and base 24 is etched to form terminal 48. Base 24 as 
etched is reduced to its central portion and terminal 48 is an 
unetched portion of base 24 that contacts and extends below 
adhesive 26, is spaced and separated from and no longer apart 
of base 24 and is adjacent to via 47. Thereafter, solder mask 
52 is formed on the top surface to selectively expose post 22 
and pad 44, solder mask 53 is formed on the bottom surface to 
selectively expose base 24 and terminal 48, then post 22 is 
etched to form cavity 58 and then plated contacts 62 provide 
a surface finish for post 22, base 24, pad 44 and terminal 48. 
0159 FIGS. 6A, 6B and 6C are cross-sectional, top and 
bottom views, respectively, of a thermal board with a conduc 
tive trace on an adhesive in accordance with an embodiment 
of the present invention. 
0160. In this embodiment, the conductive trace contacts 
the adhesive and the dielectric layer is omitted. For purposes 
ofbrevity, any description of thermal board 64 is incorporated 
herein insofar as the same is applicable, and the same descrip 
tion need not be repeated. Likewise, elements of the thermal 
board similar to those in thermal board 64 have corresponding 
reference numerals. 
0161 Thermal board 68 includes adhesive 26, conductive 
trace 50, solder mask 52 and heat spreader 60. Conductive 
trace 50 includes pad 44, routing line 46 and terminal 48. Heat 
spreader 60 includes post 22 and base 24. 
0162 Conductive layer 32 is thicker in this embodiment 
than the previous embodiment. For instance, conductive layer 
32 has a thickness of 130 microns (rather than 45 microns) so 
that it can be handled without warping or wobbling. Pad 44. 
routing line 46 and terminal 48 are therefore thicker and 
contact and overlap adhesive 26, and thermal board 68 is 
devoid of a dielectric layer corresponding to dielectric layer 
34. 

0163 Thermal board 68 can be manufactured in a manner 
similar to thermal board 64 with suitable adjustments for post 
22 and conductive layer32. For instance, post 22 has a height 
of 250 microns (rather than 300 microns) so that base 24 has 
a thickness of 250 microns (rather than 200 microns). This 
can be accomplished by reducing the etch time. Thereafter, 
adhesive 26 is mounted on base 24, conductive layer32 alone 
is mounted on adhesive 26, heat and pressure are applied to 
flow and solidify adhesive 26 and then grinding is applied to 
planarize the top surface as previously described. Thereafter, 
conductive layer 32 is etched to form pad 44, routing line 46 
and terminal 48, solder mask 52 is formed on the top surface 
to expose post 22, pad 44 and terminal 48, then post 22 is 
etched to form cavity 58 and then plated contacts 62 provide 
a surface finish for post 22, base 24, pad 44 and terminal 48. 
(0164 FIGS. 7A, 7B and 7C are cross-sectional, top and 
bottom views, respectively, of a thermal board with a rim in 
accordance with an embodiment of the present invention. 
0165. In this embodiment, a rim is mounted on the solder 
mask. For purposes of brevity, any description of thermal 
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board 64 is incorporated herein insofar as the same is appli 
cable, and the same description need not be repeated Like 
wise, elements of the thermal board similar to those in ther 
mal board 64 have corresponding reference numerals. 
(0166 Thermal board 70 includes adhesive 26, conductive 
trace 50, solder mask 52, heat spreader 60 and rim 63. Con 
ductive trace 50 includes pad 44, routing line 46 and terminal 
48. Heat spreader 60 includes post 22 and base 24. 
0.167 Rim 63 is an annular ring that contacts and extends 
above solder mask 52. Post 22 and cavity 58 are centrally 
located within the periphery of rim 63, pad 44 is located 
within the periphery of rim 63, routing line 46 extends within 
and outside the periphery of rim 63 and terminal 48 is located 
outside the periphery of rim 63. For instance, rim 63 has a 
height of 600 microns, a width (between its inner and outer 
circular sidewalls) of 1000 microns and is laterally spaced 
from cavity 58 by 500 microns. 
(0168 Rim 63 includes a solder mask, a laminate and an 
adhesive film shown as a single layer for convenience of 
illustration. The solder mask contacts and extends above the 
laminate and provides the top surface, the adhesive film con 
tacts and extends below the laminate and provides the bottom 
Surface, and the laminate contacts and is sandwiched between 
and laminated to the solder mask and adhesive film. The 
solder mask, laminate and adhesive film are electrical insu 
lators. For instance, the solder mask has a thickness of 50 
microns, the laminate has a thickness of 500 microns, and the 
adhesive film can has thickness of 50 microns. Thus, rim 63 
has a height of 600 microns (50+500+50). 
(0169. The laminate can be various dielectric films formed 
from numerous organic and inorganic electrical insulators. 
For instance, the laminate can be polyimide or FR-4 epoxy 
although other epoxies such as polyfunctional and bismale 
imide triazine (BT) are suitable. Alternatively, rim 63 can 
include a metal ring on the adhesive film. 
(0170 Thermal board 70 can be manufactured in a manner 
similar to thermal board 64 with suitable adjustments for rim 
63. For instance, adhesive26 is mounted on base 24, substrate 
30 is mounted on adhesive 26, heat and pressure are applied to 
flow and solidify adhesive 26 and then grinding is applied to 
planarize the top surface as previously described. Thereafter, 
conductive layer 32 is etched to form pad 44, routing line 46 
and terminal 48, solder mask 52 is formed on the top surface 
to expose post 22, pad 44 and terminal 48 and then post 22 is 
etched to form cavity 58. Thereafter, rim 63 is mounted on 
solder mask 52 and then plated contacts 62 provide a surface 
finish for post 22, base 24, pad 44 and terminal 48. 
0171 FIGS. 8A, 8B and 8C are cross-sectional, top and 
bottom views, respectively, of a semiconductor chip assem 
bly that includes a thermal board, an LED chip that emits blue 
light, a color-shifting encapsulant that converts the blue light 
to white light and a transparent lens in accordance with an 
embodiment of the present invention. 
0172 Semiconductor chip assembly 100 includes thermal 
board 64, LED chip 102, wire bond 104, die attach 106, 
encapsulant 108 and lens 110. LED chip 102 includes top 
surface 112, bottom surface 114 and bond pad 116. Top 
surface 112 is the active surface and includes bond pad 116 
and bottom surface 114 is the thermal contact surface. 
0173 LED chip 102 is mounted on heat spreader 60, elec 
trically connected to substrate 30 and thermally connected to 
heat spreader 60. In particular, LED chip 102 is mounted on 
post 22 in cavity 58, is above and overlaps post 22 but does not 
overlap adhesive 26 or substrate 30, is laterally surrounded by 
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adhesive 26, is electrically connected to substrate 30 by wire 
bond 104 and is thermally connected to and mechanically 
attached to heat spreader 60 by die attach 106. LED chip 102 
is also mechanically attached to adhesive 26 and heat 
spreader 60 by encapsulant 108. 
(0174 LED chip 102 and die attach 106 are located within 
cavity 58, wire bond 104 and encapsulant 108 extend within 
and outside cavity 58, and substrate 30, conductive trace 50 
and lens 110 are located outside cavity 58. Wire bond 104 is 
bonded to and electrically connects pads 44 and 116, thereby 
electrically connecting LED chip 102 to terminal 48. Die 
attach 106 contacts and is sandwiched between and thermally 
connects and mechanically attaches post 22 and thermal con 
tact surface 114, thereby thermally connecting LED chip 102 
to base 24. Pad 44 is spot plated with nickel/silver to bond 
well with wire bond 104, thereby improving signal transfer 
from substrate 30 to LED chip 102, and post 22 is spot plated 
with nickel/silver to bond well with die attach 106, thereby 
improving heat transfer from LED chip 102 to heat spreader 
60, and to provide a highly reflective surface which reflects 
the light emitted in the downward direction by LED chip 102. 
thereby increasing light output in the upward direction. 
0175 Encapsulant 108 is a solid adherent electrically 
insulative color-shifting protective enclosure that provides 
environmental protection Such as moisture resistance and 
particle protection for LED chip 102. However, encapsulant 
108 only partially protects wire bond 104. 
0176 Lens 110 is a transparent plastic lid with a curved 
hollow dome (resembling a hemisphere) that is mounted on 
solder mask 52 and provides environmental protection such 
as moisture resistance and particle protection for wire bond 
104 and encapsulant 108 in a sealed enclosure. 
(0177 LED chip 102 is located in cavity 58 above post 22 
and below the top surface of adhesive 26. For instance, LED 
chip 102 has a thickness of 150 microns and die attach 106 has 
a thickness of 25 microns. As a result, the combined height of 
LED chip 102 (150 microns) and the underlying die attach 
106 (25 microns) is 175 microns which is 50 microns less than 
the depth of cavity 58 (225 microns). LED chip 102 has a 
length and width of 1000 microns and is centrally located 
within cavity 58 and spaced from post 22 and adhesive 26. 
0.178 Encapsulant 108 contacts adhesive 26, LED chip 
102, wire bond 104 and die attach 106 in cavity 58, seals LED 
chip 102 within cavity 58, fills the remaining space in cavity 
58 and covers cavity 58 and LED chip 102 in the upward 
direction. Encapsulant 108 extends above cavity 58 by 10 
microns, is laterally confined by cavity 58 and is spaced from 
and does not overlap substrate 30, conductive trace 50 and 
solder mask 52. 
0179 LED chip 102 includes a compound semiconductor 
that emits blue light, has high luminous efficiency and forms 
a p-n junction. Suitable compound semiconductors include 
gallium-nitride, gallium-arsenide, gallium-phosphide, gal 
lium-arsenic-phosphide, gallium-aluminum-phosphide, gal 
lium-aluminum-arsenide, indium-phosphide and indium 
gallium-phosphide. LED chip 102 also has high light output 
and generates considerable heat. 
0180 Encapsulant 108 includes transparent silicone and 
yellow phosphor (shown as dots). For instance, the silicone 
can be polysiloxane resin and the yellow phosphor can be 
cerium-doped yttrium-aluminum-garnet (Ce:YAG) fluores 
cent powder. The yellow phosphor emits yellow light in 
response to blue light, and the blue and yellow light mix to 
produce white light. As a result, encapsulant 108 converts the 
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blue light emitted by LED chip 102 into white light which in 
turn radiates through lens 110 and assembly 100 is a white 
light source. In addition, cavity 58 focuses the white light in 
the upward direction since the light emitted from LED chip 
102 at its sidewalls (between surfaces 112 and 114) is directed 
at adhesive 26, and lens 110 provides a convex refractive 
surface that focuses the white light in the upward direction. 
0181 Semiconductor chip assembly 100 can be manufac 
tured by mounting LED chip 102 on post 22 using die attach 
106, then wire bonding pads 44 and 116, then forming encap 
sulant 108 and then mounting lens 110. 
0182 For instance, die attach 106 is initially a silver-filled 
epoxy paste with high thermal conductivity that is deposited 
into cavity 58 on post 22 by Screen printing or dispensing by 
an injection noZZle in step-and-repeat fashion, and then LED 
chip 102 placed on the epoxy paste using a pick-up head and 
an automated pattern recognition system in step-and-repeat 
fashion. Thereafter, the epoxy paste is heated and hardened at 
a relatively low temperature such as 190° C. to form die attach 
106. Next, wire bond 104 is a gold wire that is thermosoni 
cally ball bonded to pads 44 and 116. Thereafter, encapsulant 
108 is deposited as an A-stage uncured epoxy into cavity 58 
on LED chip 102 and wire bond 104 by screen printing or 
dispensing by an injection nozzle in step-and-repeat fashion. 
The liquid epoxy fills the remaining space in and extends 
slightly above and is laterally confined by cavity 58 which 
serves as a dam, and then the liquid epoxy is heated and 
hardened at a relatively low temperature such as 190° C. 
thereby converting the A-stage liquid uncured epoxy into 
C-stage cured or hardened epoxy. Finally, lens 110 is 
mounted on solder mask 52 using an adhesive (not shown). 
0183 LED chip 102 can be electrically connected to pad 
44 by a wide variety of connection media, thermally con 
nected to and mechanically attached to heat spreader 60 by a 
wide variety of thermal adhesives and encapsulated by a wide 
variety of encapsulants. 
0.184 Semiconductor chip assembly 100 is a first-level 
single-chip package. 
0185 FIGS. 9A, 9B and 9C are cross-sectional, top and 
bottom views, respectively, of a semiconductor chip assem 
bly that includes a thermal board, an LED chip that emits 
white light and a transparent encapsulant in accordance with 
an embodiment of the present invention. 
0186. In this embodiment, the LED chip emits white light 
rather than blue light and the encapsulant is transparent rather 
than color-shifting. For purposes of brevity, any description 
of assembly 100 is incorporated herein insofar as the same is 
applicable, and the same description need not be repeated. 
Likewise, elements of the assembly similar to those in assem 
bly 100 have corresponding reference numerals indexed at 
two-hundred rather than one-hundred. For instance, LED 
chip 202 corresponds to LED chip 102, wire bond 204 cor 
responds to wire bond 104, etc. 
0187 Semiconductor chip assembly 200 includes thermal 
board 70, LED chip 202, wire bond 204, die attach 206 and 
encapsulant 208. LED chip 202 includes top surface 212, 
bottom surface 214 and bond pad 216. Top surface 212 is the 
active surface and includes bond pad 216 and bottom surface 
214 is the thermal contact surface. 
0188 LED chip 202 is mounted on heat spreader 60, elec 
trically connected to substrate 30 and thermally connected to 
heat spreader 60. In particular, LED chip 202 is mounted on 
post 22 in cavity 58, is electrically connected to substrate 30 
by wire bond 204, is thermally connected to and mechanically 
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attached to heat spreader 60 by die attach 206 and is mechani 
cally attached to adhesive 26 and heat spreader 60 by encap 
Sulant 208. 
(0189 LED chip 202 and die attach 206 are located within 
cavity 58, and wire bond 204 and encapsulant 208 extend 
within and outside cavity 58. Wire bond 204 is bonded to and 
electrically connects pads 44 and 216, and die attach 206 
contacts and is sandwiched between and thermally connects 
and mechanically attaches post 22 and thermal contact Sur 
face 214. 
0190. Encapsulant 208 contacts adhesive 26, LED chip 
202, wire bond 204 and die attach 206 in cavity 58, contacts 
adhesive 26, conductive trace 50, solder mask 52, rim 63 and 
wire bond 204 outside cavity 58, extends laterally from cavity 
58 to and is laterally confined by rim 63 and has a height of 
500 microns above solder mask 52. Encapsulant 208 seals 
LED chip 202 within cavity 58, fills the remaining space in 
cavity 58 and covers LED chip 202 and wire bond 204 in the 
upward direction. As a result, encapsulant 208 protects not 
only LED chip 202 but also wire bond 204. 
(0191) LED chip 202 emits white light rather than blue 
light. Encapsulant 208 includes transparent silicone but is 
devoid of fluorescent powder and does not color-shift the 
white light. Moreover, encapsulant 208 need not contain 
phosphor or fluorescent powder, and therefore using more 
encapsulant 208 than encapsulant 108 is still cost effective. 
0.192 Semiconductor chip assembly 200 can be manufac 
tured by mounting LED chip 202 on post 22 using die attach 
206, then wire bonding pads 44 and 216 and then forming 
encapsulant 208 using rim 63 as a dam. 
0193 Semiconductor chip assembly 200 is a first-level 
single-chip package. 
(0194 FIGS. 10A, 10B and 10C are cross-sectional, top 
and bottom views, respectively, of a semiconductor chip 
assembly that includes a thermal board, an LED chip that 
emits blue light, a color-shifting encapsulant and a transpar 
ent encapsulant in accordance with an embodiment of the 
present invention. 
0.195. In this embodiment, the transparent encapsulant 
rather than the lens is provided over the wire bond and the 
color-shifting encapsulant. For purposes of brevity, any 
description of assemblies 100 and 200 is incorporated herein 
insofar as the same is applicable, and the same description 
need not be repeated Likewise, elements of the assembly 
similar to those in assemblies 100 and 200 have correspond 
ing reference numerals indexed at three-hundred rather than 
one-hundred and two-hundred. For instance, LED chip 302 
corresponds to LED chip 102, wire bond 304 corresponds to 
wire bond 104, encapsulant 308A corresponds to encapsulant 
108 and encapsulant 308B corresponds to encapsulant 208. 
0196. Semiconductor chip assembly 300 includes thermal 
board 70, LED chip 302, wire bond 304, die attach 306 and 
encapsulants 308A and 308B. LED chip 302 includes top 
surface 312, bottom surface 314 and bond pad 316. Top 
surface 312 is the active surface and includes bond pad 316 
and bottom surface 314 is the thermal contact surface. 
(0197) LED chip 302 is mounted on heat spreader 60, elec 
trically connected to substrate 30 and thermally connected to 
heat spreader 60. In particular, LED chip 302 is mounted on 
post 22 in cavity 58, is electrically connected to substrate 30 
by wire bond 304, is thermally connected to and mechanically 
attached to heat spreader 60 by die attach 306 and is mechani 
cally attached to adhesive 26 and heat spreader 60 by encap 
Sulant 308A. 
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(0198 LED chip 302 and die attach 306 are located within 
cavity 58, wire bond 304 and encapsulant 308A extend within 
and outside cavity 58, and encapsulant 308B is located out 
side cavity 58. Wire bond 304 is bonded to and electrically 
connects pads 44 and 316, die attach 306 contacts and is 
sandwiched between and thermally connects and mechani 
cally attaches post 22 and thermal contact Surface 314, encap 
sulant 308A contacts and is sandwiched between LED chip 
302 and encapsulant 308B, and encapsulant 308B contacts 
adhesive 26, conductive trace 50, solder mask 52, rim 63, wire 
bond 304 and encapsulant 308A and covers LED chip 302, 
wire bond 304 and encapsulant 308A in the upward direction. 
As a result, encapsulant 308B protects not only LED chip 302 
and wire bond 304 but also encapsulant 308A. 
0199 LED chip 302 emits blue light, color-shifting encap 
sulant 308A converts the blue light to white light which in 
turn radiates through transparent encapsulant 308B and 
assembly 300 is a white light source. 
0200 Semiconductor chip assembly 300 can be manufac 
tured by mounting LED chip 302 on post 22 using die attach 
306, then wire bonding pads 44 and 316, then forming encap 
sulant 308A using cavity 58 as a dam and then forming 
encapsulant 308B using rim 63 as a dam. 
0201 Semiconductor chip assembly 300 is a first-level 
single-chip package. 
0202 FIGS. 11A, 11B and 11C are cross-sectional, top 
and bottom views, respectively, of a light Source Subassembly 
that includes a semiconductor chip assembly and a heat sink 
in accordance with an embodiment of the present invention. 
0203 Light source subassembly 400 includes semicon 
ductor chip assembly 100 and heat sink 402. Heat sink 402 
includes thermal contact surface 404, fins 406 and fan 408. 
Assembly 100 is mounted on heat sink 402 and mechanically 
fastened to heat sink 402, for instance by screws (not shown). 
As a result, base 24 is clamped against and thermally con 
nected to thermal contact surface 404, thereby thermally con 
necting heat spreader 60 to heat sink 402. Heat spreader 60 
spreads the heat from LED chip 102 and transfers the spread 
heat to heat sink 402, which in turn dissipates the heat into the 
exterior environment using fins 406 and fan 408. 
0204 Light source subassembly 400 is designed for a light 
fixture (not shown) that is interchangeable with a standard 
incandescent lightbulb. The light fixture includes subassem 
bly 400, a glass cap, a threaded base, a control board, wiring 
and a housing. Subassembly 400, the control board and the 
wiring are enclosed within the housing. The wiring extends 
from the control board and is soldered to terminals 48. The 
glass cap and the threaded base protrude from opposite ends 
of the housing. The glass cap exposes LED chip 102, the 
threaded base is configured to screw into a light Socket and the 
control board is electrically connected to terminals 48 by the 
wiring. The housing is a two-piece plastic shell with top and 
bottom pieces. The glass cap is attached to and protrudes 
above the top piece, the threaded base is attached to and 
protrudes below the bottom piece, and subassembly 400 and 
the control board are mounted on the bottom piece and extend 
into the top piece. 
0205 During operation, the threaded base transfers AC 
from a light socket to the control board, which converts the 
AC to modulated DC and the wiring transmits the modulated 
DC to terminal 48 and grounds another terminal 48. As a 
result, LED chip 102 illuminates bright blue light which 
encapsulant 108 converts to white light that radiates through 
the glass cap. LED chip 102 also generates intense localized 
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heat that flows into and is spread by heat spreader 60 and 
flows from heat spreader 60 into heat sink 402 where fins 406 
heat the air, and fan 408 blows the hot air radially outward 
through slots in the housing into the external environment. 
0206. The semiconductor chip assemblies and thermal 
boards described above are merely exemplary. Numerous 
other embodiments are contemplated. In addition, the 
embodiments described above can be mixed-and-matched 
with one another and with other embodiments depending on 
design and reliability considerations. For instance, the semi 
conductor device can be an LED package and the thermal 
board can provide vertical signal routing. The Substrate can 
include single-level conductive traces and multi-level con 
ductive traces. The thermal board can include multiple posts 
arranged in an array for multiple semiconductor devices and 
can include additional conductive traces to accommodate the 
additional semiconductor devices Likewise, the semiconduc 
tor device can be an LED package with multiple LED chips 
and the thermal board can include additional conductive 
traces to accommodate the additional LED chips. A color 
shifting encapsulant can extend laterally from the cavity and 
cover the wire bond and a transparent encapsulant can be 
laterally confined to the cavity and not cover the wire bond. 
0207. The semiconductor device can share or not share the 
heat spreader with other semiconductor devices. For instance, 
a single semiconductor device can be mounted on the heat 
spreader. Alternatively, numerous semiconductor devices can 
mounted on the heat spreader. For instance, four Small chips 
in a 2x2 array can be attached to the post and the Substrate can 
include additional conductive traces to receive and route addi 
tional wire bonds to the chips. This may be more cost effective 
than providing a miniature post for each chip. 
0208. The semiconductor device can extend into the cav 

ity. For instance, the semiconductor device can extend into 
and slightly above the cavity. In this instance, most but not all 
of the semiconductor device is located inside the cavity and 
the semiconductor device extends within and outside the cav 
ity. Alternatively, the semiconductor device can be located 
within the cavity. In this instance, all of the semiconductor 
device is located inside the cavity. In any case, the semicon 
ductor device extends into the cavity regardless of whether 
most or all of the semiconductor device is located within the 
cavity. 
0209. The semiconductor chip can be optical or non-opti 

cal. For instance, the chip can be an LED, a Solar cell, a 
microprocessor, a controller oran RF power amplifier. Like 
wise, the semiconductor package can be an LED package or 
an RF module. Thus, the semiconductor device can be a 
packaged or unpackaged optical or non-optical chip. Further 
more, the semiconductor device can be mechanically, electri 
cally and thermally connected to the thermal board using a 
wide variety of connection media including solder and elec 
trically and/or thermally conductive adhesive. 
0210. The heat spreader can provide rapid, efficient and 
essentially uniform heat spreading and dissipation for the 
semiconductor device to the next level assembly without heat 
flow through the adhesive, the substrate or elsewhere in the 
thermal board. As a result, the adhesive can have low thermal 
conductivity which drastically reduces cost. The heat 
spreader can include a post and base that are integral with one 
another, thereby enhancing reliability and reducing cost. Fur 
thermore, the post can be customized for the semiconductor 
device and the base can be customized for the next level 
assembly, thereby enhancing the thermal connection from the 
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semiconductor device to the next level assembly. For 
instance, if the opening and aperture are punched rather than 
drilled then the post can have a square or rectangular shape in 
a lateral plane with the same or similar topography as the 
thermal contact of the semiconductor device. 
0211. The heat spreader can be electrically connected to or 
isolated from the semiconductor device and the substrate. For 
instance, the die attach can be electrically conductive. There 
after, the heat spreader can be electrically connected to 
ground, thereby electrically connecting the semiconductor 
device to ground. 
0212. The heat spreader can be copper, aluminum, copper/ 
nickel/aluminum or other thermally conductive metallic 
Structures. 

0213. The post can be deposited on or integral with the 
base. The post can be integral with the base when the they are 
a single-piece metal Such as copper or aluminum. The post 
can also be integral with the base when they include a single 
piece metal Such as copper at their interface as well as addi 
tional metal elsewhere such as a solderupper post portion and 
a copper lower post portion and base. The post can also be 
integral with the base when they share single-piece metals at 
their interface Such as a copper coating on a nickel buffer 
layer on an aluminum core. 
0214. The base can provide mechanical support for the 
substrate. For instance, the base can prevent the substrate 
from warping during metal grinding, chip mounting, wire 
bonding and encapsulant curing. The base can also cover the 
assembly in the downward direction when the terminal is 
above the dielectric layer, or alternatively, be spaced from the 
peripheral edges of the assembly when the terminal is below 
the adhesive. Furthermore, the base can include fins at its 
backside that protrude in the downward direction. For 
instance, the base can be cut at its bottom Surface by a routing 
machine to form lateral grooves that define the fins. In this 
instance, the base can have a thickness of 700 microns, the 
grooves can have a depth of 500 microns and the fins can have 
a height of 500 microns. The fins can increase the surface area 
of the base, thereby increasing the thermal conductivity of the 
base by thermal convection when it remains exposed to the air 
rather than mounted on a heat sink. 
0215. The post can be etched to form the cavity after the 
adhesive is solidified, either before, during or after the pad 
and/or the terminal is formed and before or after the solder 
mask is formed. 

0216. The adhesive can provide a robust mechanical bond 
between the heat spreader and the substrate. For instance, the 
adhesive can extend laterally from the post beyond the con 
ductive trace to the peripheral edges of the assembly, the 
adhesive can fill the space between the heat spreader and the 
substrate and the adhesive can be void-free with consistent 
bond lines. The adhesive can also absorb thermal expansion 
mismatch between the heat spreader and the substrate. Fur 
thermore, the adhesive can be a low cost dielectric that need 
not have high thermal conductivity. Moreover, the adhesive is 
not prone to delamination. 
0217. The adhesive thickness can be adjusted so that the 
adhesive essentially fills the gap and essentially all the adhe 
sive is within structure once it is solidified and/or grinded. For 
instance, the optimal prepreg thickness can be established 
through trial and error Likewise, the dielectric layer thickness 
can be adjusted to achieve this result. 
0218. The substrate can be a low cost laminated structure 
that need not have high thermal conductivity. Furthermore, 
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the Substrate can include a single conductive layer or multiple 
conductive layers. Moreover, the substrate can include or 
consist of the conductive layer. 
0219. The conductive layer alone can be mounted on the 
adhesive. For instance, the aperture can be formed in the 
conductive layer and then the conductive layer can be 
mounted on the adhesive so that the conductive layer contacts 
the adhesive and is exposed in the upward direction and the 
post extends into and is exposed in the upward direction by 
the aperture. In this instance, the conductive layer can have a 
thickness of 100 to 200 microns such as 125 microns which is 
thick enough to handle without warping and wobbling yet 
thin enough to pattern without excessive etching. 
0220. The conductive layer and the dielectric layer can be 
mounted on the adhesive. For instance, the conductive layer 
can be provided on the dielectric layer, then the aperture can 
beformed in the conductive layer and the dielectric layer, and 
then the conductive layer and the dielectric layer can be 
mounted on the adhesive so that the conductive layer is 
exposed in the upward direction, the dielectric layer contacts 
and is sandwiched between and separates the conductive 
layer and the adhesive and the post extends into and is 
exposed in the upward direction by the aperture. In this 
instance, the conductive layer can have a thickness of 10 to 50 
microns such as 30 microns which is thick enough for reliable 
signal transfer yet thin enough to reduce weight and cost. 
Furthermore, the dielectric layer is a permanent part of the 
thermal board. 

0221. The conductive layer and a carrier can be mounted 
on the adhesive. For instance, the conductive layer can be 
attached to a carrier such biaxially-oriented polyethylene 
terephthalate polyester (Mylar) by a thin film, then the aper 
ture can be formed in the conductive layer but not the carrier, 
then the conductive layer and the carrier can be mounted on 
the adhesive so that the carrier covers the conductive layer and 
is exposed in the upward direction, the thin film contacts and 
is sandwiched between the carrier and the conductive layer, 
the conductive layer contacts and is sandwiched between the 
thin film and the adhesive, and the post is aligned with the 
aperture and covered in the upward direction by the carrier. 
After the adhesive is solidified, the thin film can be decom 
posed by UV light so that the carrier can be peeled off the 
conductive layer, thereby exposing the conductive layer in the 
upward direction, and then the conductive layer can be 
grinded and patterned to provide the conductive trace. In this 
instance, the conductive layer can have a thickness of 10 to 50 
microns such as 30 microns which is thick enough for reliable 
signal transfer yet thin enough to reduce weight and cost, and 
the carrier can have a thickness of 300 to 500 microns which 
is thick enough to handle without warping and wobbling yet 
thin enough to reduce weight and cost. Furthermore, the 
carrier is a temporary fixture and not a permanent part of the 
thermal board. 

0222. The pad and the terminal can have a wide variety of 
packaging formats as required by the semiconductor device 
and the next level assembly. 
0223) The pad, the terminal and the routing line over the 
dielectric layer can be formed by numerous deposition tech 
niques including electroplating, electroless plating, evaporat 
ing and sputtering as a single layer or multiple layers, either 
before or after the substrate is mounted on the adhesive. For 
instance, the conductive layer can be patterned on the Sub 
strate before it is mounted on the adhesive or after it is 
attached to the post and the base by the adhesive. 
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0224. The plated contact surface finish can be formed 
before or after the pad and the terminal are formed. For 
instance, the plated layer can be deposited on the conductive 
layer and then patterned using the etch mask that defines the 
pad and the terminal. 
0225. The rim can be reflective or non-reflective and trans 
parent or non-transparent. For instance, the rim can include a 
highly reflective metal such as silver with a slanted inner 
surface which reflects the light directed at it in the upward 
direction, thereby increasing light output in the upward direc 
tion. Likewise, the rim can include a transparent material Such 
as glass or a non-reflective, non-transparent low cost material 
Such as epoxy. Furthermore, a reflective rim can be used 
regardless of whether it contacts or confines the encapsulant. 
0226. The encapsulant can be numerous transparent or 
opaque materials and have various shapes and sizes. For 
instance, the encapsulant can be transparent silicone, epoxy 
or combinations thereof. Silicone has higher thermal and 
color-shifting stability than epoxy but also higher cost and 
lower rigidity and adhesion than epoxy. 
0227. The lens can be numerous transparent or opaque 
materials and have various shapes and sizes. For instance, a 
glass lens with a hollow hemisphere dome can be mounted on 
the solder mask and spaced from the encapsulant, or a plastic 
lens with a solid hemisphere dome can be mounted on the 
encapsulant and spaced from the Solder mask. 
0228. The conductive trace can include additional pads, 
terminals, vias and routing lines as well as passive compo 
nents and have different configurations. The conductive trace 
can function as a signal, power or ground layer depending on 
the purpose of the corresponding semiconductor device pad. 
The conductive trace can also include various conductive 
metals such as copper, gold, nickel, silver, palladium, tin, 
combinations thereof, and alloys thereof. The preferred com 
position will depend on the nature of the external connection 
media as well as design and reliability considerations. Fur 
thermore, those skilled in the art will understand that in the 
context of a semiconductor chip assembly, the copper mate 
rial can be pure elemental copper but is typically a copper 
alloy that is mostly copper such as copper-zirconium (99.9% 
copper), copper-silver-phosphorus-magnesium (99.7% cop 
per) and copper-tin-iron-phosphorus (99.7% copper) to 
improve mechanical properties such as tensile strength and 
elongation. 
0229. The dielectric layer, solder mask, plated contacts, 
encapsulant, rim and lens are generally desirable but may be 
omitted in Some embodiments. For instance, if single-level 
signal routing is used then the dielectric layer may be omitted 
to reduce cost. Likewise, if the encapsulant is transfer molded 
on the solder mask, laterally confined by the cavity or omitted 
then the rim can be omitted. 

0230. The assembly can provide horizontal or vertical 
single-level or multi-level signal routing. 
0231 Horizontal single-level signal routing with the pad, 
the terminal and the routing line above the dielectric layer is 
disclosed in U.S. application Ser. No. 12/616,773 filed Nov. 
11, 2009 by Charles W. C. Linet al. entitled “Semiconductor 
Chip Assembly with Post/Base Heat Spreader and Substrate' 
which is incorporated by reference. 
0232 Horizontal single-level signal routing with the pad, 
the terminal and the routing line above the adhesive and no 
dielectric layer is disclosed in U.S. application Ser. No. 
12/616,775 filed Nov. 11, 2009 by Charles W. C. Lin et al. 
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entitled “Semiconductor Chip Assembly with Post/Base Heat 
Spreader and Conductive Trace' which is incorporated by 
reference. 

0233 Horizontal multi-level signal routing with the pad 
and the terminal above the dielectric layer electrically con 
nected by first and second vias through the dielectric layer and 
a routing line beneath the dielectric layer is disclosed in U.S. 
application Ser. No. 12/557,540 filed Sep. 11, 2009 by Chia 
Chung Wang et al. entitled “Semiconductor Chip Assembly 
with Post/Base Heat Spreader and Horizontal Signal Rout 
ing' which is incorporated by reference. 
0234 Vertical multi-level signal routing with the pad 
above the dielectric layer and the terminal beneath the adhe 
sive electrically connected by a first via through the dielectric 
layer, a routing line beneath the dielectric layer and a second 
via through the adhesive is disclosed in U.S. application Ser. 
No. 12/557,541 filed Sep. 11, 2009 by Chia-Chung Wang et 
al. entitled "Semiconductor Chip Assembly with Post/Base 
Heat Spreader and Vertical Signal Routing” which is incor 
porated by reference. 
0235. The working format for the thermal board can be a 
single thermal board or multiple thermal boards based on the 
manufacturing design. For instance, a single thermal board 
can be manufactured individually. Alternatively, numerous 
thermal boards can be simultaneously batch manufactured 
using a single metal plate, a single adhesive, a single Substrate 
and a single solder mask and then separated from one another. 
Likewise, numerous sets of heat spreaders and conductive 
traces that are each dedicated to a single semiconductor 
device can be simultaneously batch manufactured for each 
thermal board in the batch using a single metal plate, a single 
adhesive, a single Substrate and a single solder mask. 
0236. For example, multiple recesses can be etched in the 
metal plate to form multiple posts and the base, then the 
non-Solidified adhesive with openings corresponding to the 
posts can be mounted on the base such that each post extends 
through an opening, then the Substrate (with a single conduc 
tive layer, a single dielectric layer and apertures correspond 
ing to the posts) can be mounted on the adhesive Such that 
each post extends through an opening into an aperture, then 
the base and the substrate can be moved towards one another 
by platens to force the adhesive into the gaps in the apertures 
between the posts and the substrate, then the adhesive can be 
cured and solidified, then the posts, the adhesive and the 
conductive layer can be grinded to form a lateral top surface, 
then the conductive layer can be etched to form the pads and 
the terminals corresponding to the posts, then the solder mask 
can be deposited on the structure and patterned to expose the 
posts, the pads and the terminals, then the posts can be etched 
to form the cavities in the adhesive, then the plated contact 
Surface finish can be formed on the base, the posts, the pads 
and the terminals and then the base, the substrate, the adhe 
sive and the Solder mask can be cut or cracked at the desired 
locations of the peripheral edges of the thermal boards, 
thereby separating the individual thermal boards from one 
another. 

0237. The working format for the semiconductor chip 
assembly can be a single assembly or multiple assemblies 
based on the manufacturing design. For instance, a single 
assembly can be manufactured individually. Alternatively, 
numerous assemblies can be simultaneously batch manufac 
tured before the thermal boards are separated from one 
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another. Likewise, multiple semiconductor devices can be 
electrically, thermally and mechanically connected to each 
thermal board in the batch. 

0238 For example, die attach paste portions can be depos 
ited in the cavities on the posts, then the chips can be placed 
in the cavities on the die attach paste portions, then the die 
attach paste portions can be simultaneously heated and hard 
ened to provide the die attaches, then the chips can be wired 
bonded to the corresponding pads outside the cavities, then 
encapsulant portions can be deposited into the cavities on the 
chips and the wire bonds, then the encapsulant portions can be 
simultaneously heated and hardened to provide the encapsu 
lants, then the lenses can be mounted over encapsulants and 
then the thermal boards can be separated from one another. 
0239. The thermal boards can be detached from one 
another in a single step or multiple steps. For instance, the 
thermal boards can be batch manufactured as a panel, then the 
semiconductor devices can be mounted on the panel and then 
the semiconductor chip assemblies of the panel can be 
detached from one another. Alternatively, the thermal boards 
can be batch manufactured as a panel, then the thermal boards 
of the panel can be singulated into Strips of multiple thermal 
boards, then the semiconductor devices can be mounted on 
the thermal boards of a strip and then the semiconductor chip 
assemblies of the strip can be detached from one another. 
Furthermore, the thermal boards can be detached by mechani 
cal sawing, laser sawing, cleaving or other Suitable tech 
niques. 
0240. The term “adjacent” refers to elements that are inte 
gral (single-piece) or in contact (not spaced or separated 
from) with one another. For instance, the post is adjacent to 
the base regardless of whether the post is formed additively or 
subtractively. 
0241 The term "overlap' refers to above and extending 
within a periphery of an underlying element. Overlap 
includes extending inside and outside the periphery or resid 
ing within the periphery. For instance, the semiconductor 
device overlaps the post since an imaginary vertical line inter 
sects the semiconductor device and the post, regardless of 
whether another element such as the die attach is between the 
semiconductor device and the post and is intersected by the 
line, and regardless of whether another imaginary vertical 
line intersects the post but not the semiconductor device (out 
side the periphery of the semiconductor device) Likewise, the 
adhesive overlaps the base and is overlapped by the pad, and 
the base is overlapped by the post. Likewise, the post overlaps 
and is within a periphery of the base. Moreover, overlap is 
synonymous with over and overlapped by is synonymous 
with under or beneath. 

0242. The term “contact” refers to direct contact. For 
instance, the dielectric layer contacts the pad but does not 
contact the post or the base. 
0243 The term “cover refers to complete coverage in the 
upward, downward and/or lateral directions. For instance, the 
base covers the post in the downward direction but the post 
does not cover the base in the upward direction. 
0244. The term “layer” refers to patterned and unpatterned 
layers. For instance, the conductive layer can be an unpat 
terned blanket sheet on the dielectric layer when the substrate 
is mounted on the adhesive, and the conductive layer can be a 
patterned circuit with spaced traces on the dielectric layer 
when the semiconductor device is mounted on the heat 
spreader. Furthermore, a layer can include stacked layers. 
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0245. The term "pad' in conjunction with the conductive 
trace refers to a connection region that is adapted to contact 
and/or bond to external connection media (Such as Solder or a 
wire bond) that electrically connects the conductive trace to 
the semiconductor device. 
0246 The term “terminal in conjunction with the con 
ductive trace refers to a connection region that is adapted to 
contact and/or bond to external connection media (Such as 
solder or a wire bond) that electrically connects the conduc 
tive trace to an external device (such as a PCB or a wire 
thereto) associated with the next level assembly. 
0247 The terms “opening” and “aperture” refer to a 
through-hole and are synonymous. For instance, the post is 
exposed by the adhesive in the upward direction when it is 
inserted into the opening in the adhesive. Likewise, the post is 
exposed by the substrate in the upward direction when it is 
inserted into the aperture in the substrate. 
0248. The term “inserted refers to relative motion 
between elements. For instance, the post is inserted into the 
aperture regardless of whether the post is stationary and the 
Substrate moves towards the base, the Substrate is stationary 
and the post moves towards the substrate or the post and the 
substrate both approach the other. Furthermore, the post is 
inserted (or extends) into the aperture regardless of whether it 
goes through (enters and exits) or does not go through (enters 
without exiting) the aperture. 
0249. The phrase “move towards one another also refers 
to relative motion between elements. For instance, the base 
and the substrate move towards one another regardless of 
whether the base is stationary and the substrate moves 
towards the base, the substrate is stationary and the base 
moves towards the substrate or the base and the substrate both 
approach the other. 
0250. The phrase “aligned with refers to relative position 
between elements. For instance, the post is aligned with the 
aperture when the adhesive is mounted on the base, the sub 
strate is mounted on the adhesive, the post is inserted into and 
aligned with the opening and the aperture is aligned with the 
opening regardless of whether the post is inserted into the 
aperture or is below and spaced from the aperture. 
0251. The phrase “mounted on includes contact and non 
contact with a single or multiple Support element(s). For 
instance, the semiconductor device is mounted on the heat 
spreader regardless of whether it contacts the heat spreader or 
is separated from the heat spreader by a die attach. 
0252. The phrase “adhesive . . . in the gap' refers to the 
adhesive in the gap. For instance, adhesive that extends across 
the dielectric layer in the gap refers to the adhesive in the gap 
that extends across the dielectric layer. Likewise, adhesive 
that contacts and is sandwiched between the post and the 
dielectric layer in the gap refers to the adhesive in the gap that 
contacts and is sandwiched between the post at the inner 
sidewall of the gap and the dielectric layer at the outer side 
wall of the gap. 
0253) The term “above' refers to upward extension and 
includes adjacent and non-adjacent elements as well as over 
lapping and non-overlapping elements. For instance, the post 
extends above, is adjacent to, overlaps and protrudes from the 
base. Likewise, the cavity extends above the dielectric layer 
eventhough it is not adjacent to or overlap the dielectric layer. 
0254 The term “below refers to downward extension and 
includes adjacent and non-adjacent elements as well as over 
lapping and non-overlapping elements. For instance, the base 
extends below, is adjacent to, is overlapped by and protrudes 
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from the post Likewise, the post extends below the dielectric 
layer even though it is not adjacent to or overlapped by the 
dielectric layer. 
(0255. The “upward” and “downward” vertical directions 
do not depend on the orientation of the semiconductor chip 
assembly (or the thermal board), as will be readily apparent to 
those skilled in the art. For instance, the post extends verti 
cally above the base in the upward direction and the adhesive 
extends vertically below the pad in the downward direction 
regardless of whether the assembly is inverted and/or 
mounted on aheat sink Likewise, the base extends “laterally 
from the post in a lateral plane regardless of whether the 
assembly is inverted, rotated or slanted. Thus, the upward and 
downward directions are opposite one another and orthogo 
nal to the lateral directions, and laterally aligned elements are 
coplanar with one another at a lateral plane orthogonal to the 
upward and downward directions. 
0256 The semiconductor chip assembly of the present 
invention has numerous advantages. The assembly is reliable, 
inexpensive and well-suited for high Volume manufacture. 
The assembly is especially well-suited for high power semi 
conductor devices such as LED packages and chips as well as 
multiple semiconductor devices Such as Small semiconductor 
chips in arrays which generate considerable heat and require 
excellent heat dissipation in order to operate effectively and 
reliably. 
0257 The manufacturing process is highly versatile and 
permits a wide variety of mature electrical, thermal and 
mechanical connection technologies to be used in a unique 
and improved manner. The manufacturing process can also be 
performed without expensive tooling. As a result, the manu 
facturing process significantly enhances throughput, yield, 
performance and cost effectiveness compared to conventional 
packaging techniques. Moreover, the assembly is well-suited 
for copper chip and lead-free environmental requirements. 
0258. The embodiments described herein are exemplary 
and may simplify or omit elements or steps well-known to 
those skilled in the art to prevent obscuring the present inven 
tion Likewise, the drawings may omit duplicative or unnec 
essary elements and reference labels to improve clarity. 
0259 Various changes and modifications to the embodi 
ments described herein will be apparent to those skilled in the 
art. For instance, the materials, dimensions, shapes, sizes, 
steps and arrangement of steps described above are merely 
exemplary. Such changes, modifications and equivalents may 
be made without departing from the spirit and scope of the 
present invention as defined in the appended claims. 
We claim: 
1. A semiconductor chip assembly, comprising: 
a semiconductor device; 
an adhesive that includes an opening; 
aheat spreader that includes a post and a base, wherein the 

post is adjacent to the base and extends above the base in 
an upward direction, and the base extends below the post 
in a downward direction opposite the upward direction 
and extends laterally from the post in lateral directions 
orthogonal to the upward and downward directions; 

a conductive trace that includes a pad and a terminal; and 
an encapsulant; 
wherein a cavity in the adhesive extends to the post and 

faces in the upward direction; 
wherein the semiconductor device extends into the cavity, 

is above and overlaps the post, is electrically connected 
to the pad and thereby electrically connected to the ter 
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minal, and is thermally connected to the post and thereby 
thermally connected to the base; 

wherein the adhesive is mounted on and extends above the 
base, extends between the post and the pad, extends 
laterally from the post to or beyond the terminal and is 
sandwiched between the base and the pad; 

wherein the conductive trace is located outside the cavity; 
wherein the encapsulant extends into the cavity and covers 

the semiconductor device in the upward direction; and 
wherein the post extends into the opening and is located 

below the cavity, and the base extends below the semi 
conductor device, the adhesive, the encapsulant and the 
pad. 

2. The assembly of claim 1, wherein the semiconductor 
device is located within the cavity. 

3. The assembly of claim 1, wherein the semiconductor 
device is an LED chip. 

4. The assembly of claim 1, wherein the semiconductor 
device is electrically connected to the pad using a wire bond 
that extends outside the cavity and is thermally connected to 
the post using a die attach that is located within the cavity. 

5. The assembly of claim 1, wherein the adhesive contacts 
the post, the base, the encapsulant, the pad and the terminal. 

6. The assembly of claim 1, wherein the adhesive covers 
and Surrounds the post in the lateral directions. 

7. The assembly of claim 1, wherein the adhesive confor 
mally coats sidewalls of the post and a top Surface of the base 
outside the post. 

8. The assembly of claim 1, wherein the adhesive fills the 
space between the base and the conductive trace. 

9. The assembly of claim 1, wherein the adhesive extends 
laterally from the post beyond the terminal. 

10. The assembly of claim 1, wherein the adhesive extends 
to peripheral edges of the assembly. 

11. The assembly of claim 1, wherein the post is integral 
with the base. 

12. The assembly of claim 1, wherein the post is coplanar 
with the adhesive at the base. 

13. The assembly of claim 1, wherein the post has a cut-off 
conical shape in which its diameter decreases as it extends 
upwardly from the base to its top surface. 

14. The assembly of claim 1, wherein the base covers the 
semiconductor device, the post, the adhesive, the encapsulant 
and the conductive trace in the downward direction and 
extends to peripheral edges of the assembly. 

15. The assembly of claim 1, wherein the conductive trace 
is spaced from the post and the base, and the pad and the 
terminal contact and overlap the adhesive. 

16. A semiconductor chip assembly, comprising: 
a semiconductor device; 
an adhesive that includes an opening; 
aheat spreader that includes a post and a base, wherein the 

post is adjacent to the base and extends above the base in 
an upward direction, and the base extends below the post 
in a downward direction opposite the upward direction 
and extends laterally from the post in lateral directions 
orthogonal to the upward and downward directions; 

a Substrate that includes a dielectric layer, wherein an aper 
ture extends through the substrate; 

a conductive trace that includes a pad and a terminal; and 
an encapsulant; 
wherein a cavity in the adhesive extends to the post and 

faces in the upward direction; 
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wherein the semiconductor device is located within the 
cavity, is above and overlaps the post, is electrically 
connected to the pad and thereby electrically connected 
to the terminal, and is thermally connected to the post 
and thereby thermally connected to the base; 

wherein the adhesive is mounted on and extends above the 
base, extends into a gap in the aperture between the 
cavity and the Substrate, extends across the dielectric 
layer in the gap, extends laterally from the post to or 
beyond the terminal and is sandwiched between the 
encapsulant and the dielectric layer and between the 
base and the dielectric layer; 

wherein the substrate is mounted on the adhesive and 
extends above the base; 

wherein the conductive trace is located outside the cavity; 
wherein the encapsulant extends into the cavity and covers 

the semiconductor device in the upward direction; and 
wherein the post extends into the opening and is located 

below the cavity, and the base extends below the semi 
conductor device, the adhesive, the encapsulant, the Sub 
strate and the pad. 

17. The assembly of claim 16, wherein the semiconductor 
device is an LED chip. 

18. The assembly of claim 16, wherein the semiconductor 
device is electrically connected to the pad using a wire bond 
that extends within and outside the cavity and is thermally 
connected to the post using a die attach that is located within 
the cavity. 

19. The assembly of claim 16, wherein the adhesive con 
tacts the encapsulant and the dielectric layer in the gap and 
contacts the base and the dielectric layer outside the gap. 

20. The assembly of claim 16, wherein the adhesive covers 
and Surrounds the post in the lateral directions. 

21. The assembly of claim 16, wherein the adhesive fills the 
space between the cavity and the dielectric layer. 

22. The assembly of claim 16, wherein the adhesive fills the 
space between the base and the substrate. 

23. The assembly of claim 16, wherein the adhesive 
extends laterally from the post beyond the terminal. 

24. The assembly of claim 16, wherein the adhesive 
extends to peripheral edges of the assembly. 

25. The assembly of claim 16, wherein the post is integral 
with the base. 

26. The assembly of claim 16, wherein the post is coplanar 
with the adhesive below the dielectric layer at the base. 

27. The assembly of claim 16, wherein the post has a 
cut-off conical shape in which its diameter decreases as it 
extends upwardly from the base to the cavity, and the cavity 
has a cut-off conical shape in which its diameter decreases as 
it extends upwardly from the post to its entrance. 

28. The assembly of claim 16, wherein the base covers the 
semiconductor device, the post, the adhesive, the encapsu 
lant, the substrate and the conductive trace in the downward 
direction and extends to peripheral edges of the assembly. 

29. The assembly of claim 16, wherein the substrate is 
spaced from the post and the base and is a laminated structure. 

30. The assembly of claim 16, wherein the encapsulant 
contacts the semiconductor device and the adhesive in the 
cavity and is spaced from the base. 

31. A semiconductor chip assembly, comprising: 
a semiconductor device; 
an adhesive that includes an opening; 
aheat spreader that includes a post and a base, wherein the 

post is adjacent to and integral with the base and extends 
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above the base in an upward direction, and the base 
extends below the post in a downward direction opposite 
the upward direction and extends laterally from the post 
in lateral directions orthogonal to the upward and down 
ward directions; 

a Substrate that includes a conductive trace and a dielectric 
layer, wherein the conductive trace includes a pad, a 
terminal and a routing line, the pad, the terminal and the 
routing line contact and extend above the dielectric 
layer, an electrically conductive path between the pad 
and the terminal includes the routing line, and an aper 
ture extends through the Substrate; and 

an encapsulant; 
wherein a cavity in the adhesive extends to the post and 

faces in the upward direction; 
wherein the semiconductor device is located within the 

cavity, is mounted on and above and overlaps the post, is 
electrically connected to the pad and thereby electrically 
connected to the terminal, and is thermally connected to 
the post and thereby thermally connected to the base; 

wherein the adhesive is mounted on and extends above the 
base, extends into a gap in the aperture between the 
cavity and the Substrate, extends across the dielectric 
layer in the gap, is sandwiched between the encapsulant 
and the dielectric layer in the gap, is sandwiched 
between the base and the dielectric layer outside the gap, 
Surrounds the post in the lateral directions, is overlapped 
by the pad, the terminal and the routing line and extends 
to peripheral edges of the assembly; 
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wherein the substrate is mounted on the adhesive, extends 
above the base and is located outside the cavity; 

wherein the encapsulant extends into the cavity and covers 
the semiconductor device in the upward direction; and 

wherein the post extends into the opening and is located 
below the cavity, and the base extends below the semi 
conductor device, the adhesive, the encapsulant and the 
Substrate, covers the post, the adhesive, the encapsulant 
and the substrate in the downward direction and extends 
to peripheral edges of the assembly. 

32. The assembly of claim 31, wherein the semiconductor 
device is an LED chip, is electrically connected to the pad 
using a wire bond that extends within and outside the cavity 
and is thermally connected to the post using a die attach that 
is located within the cavity. 

33. The assembly of claim 31, wherein the substrate is 
spaced from the post and the base, the adhesive contacts the 
encapsulant and the dielectric layer in the gap and contacts the 
base and the dielectric layer outside the gap, and the encap 
Sulant contacts the semiconductor device and the adhesive in 
the cavity and is spaced from the base. 

34. The assembly of claim 31, wherein the post has a 
cut-off conical shape in which its diameter decreases as it 
extends upwardly from the base to its top surface at the cavity, 
and the cavity has a cut-off conical shape in which its diam 
eter decreases as it extends upwardly from the post to its 
entrance at a top Surface of the adhesive. 

35. The assembly of claim 31, wherein the post is coplanar 
with the adhesive below the dielectric layer at the base. 
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