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To improve the thermal and optical performances for high power LEDs, a metal embedded printed circuit board
(MEPCB), with a columnar copper slug inside the low cost FR4material, was introduced in this paper. This novel
structure makes it possible to connect the LED component directly to the outside environment. The thermal per-
formances, including thermal resistances and temperature distributions of the MEPCB were evaluated by
employing the finite element analysis method (FEA) and transient thermal measurement. The luminous and
chromatic characteristics were also measured and analyzed at transient state and steady state. Results showed
that the maximum reductions in the total thermal resistance and junction temperature were 65.60% and
56.25% by using the MEPCB compared with the conventional metal core printed circuit board (MCPCB). Benefit-
ing from the excellent thermal performance of the MEPCB, up to 24.14% increase in steady state luminous flux
was obtained compared with theMCPCB. Moreover, the correlated color temperature (CCT) shift value between
150mAand 900mAcould be controlledwithin 93K. Thiswork demonstrates that theMEPCB ismore suitable for
LEDs working at wide current ranges.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Light emitting diode (LED) has many advantages including energy
saving, long lifetime, sharp response, small size and convenient control
[1]. In recent few years, LED was accelerating the revolution in lighting
industry from displaying, sensing, to general lighting [2]. However,
there are some unavoidable challenges for commercial applications,
such as thermal effect. Although LED has a higher transfer efficiency, a
fair amount of input power will convert into heat and elevate the junc-
tion temperature rapidly, which causes a series of problems of the LEDs
[3,4]. Therefore, it is important to dissipate the heat from LED chips as
efficiently as possible.

Ceramic, metal, and FR4 are three kinds of popular materials used as
printed circuit boards for high power LED assembly. Ceramic is a proper
material with good thermal and insulating properties [5–7]. Unfortu-
nately, the fabrication process of ceramic substrate (CS) is complex
and cost-consuming. The CS is better fit for high-end applications [8].
Metal core printed circuit board (MCPCB) and insulating metal sub-
strate (IMS) [9,10] usually use high thermal conductivity material,
such as aluminum or copper, as heat spreaders to enhance the thermal
performance of the PCB board. In order to separate the electrical circuit
layer and themetal layer, an inserted insulating layer is necessary. How-
ever, the insulating layer is made of epoxy or polyimide with quite low
5

thermal conductivity. It obstructs the heat dissipating route from the
circuit layer to the heat spreader layer. Consequently, though the
metal layers have good thermal conductivity, the overall thermal per-
formance of the MCPCB is still insufficient. Many researches have been
focused on the improvement of this issue. Kim et al. [11] designed aflex-
ible package substrate with thermal via-hole fully filled with copper
using a laser drill and electrolytic pulse plating method. Wu et al. [12]
developed and analyzed a novel type of MCPCB with blind/through
hole byfillingwith Cu using electroplating. Lee et al. [13] developed pat-
terned anodizing MCPCB which made it possible to connect the LED
component to the MCPCB without thermal loss through the insulating
layer. Literature [14] reported a SuperMCPCB substratewhich combined
a direct plating ceramic layer (DPC) and the MCPCB together. The re-
sults showed that by replacing the conventional aluminum MCPCB
with the SuperMCPCB, the thermal resistance decreased by 1.27 K/W.
However, these methods are complex, high cost and lack of marked
competitiveness. FR4 is another acceptable material for high power
LEDs due to its outstanding cost advantages [15]. The FR4 PCB has
high mechanical strength, good electrical insulating qualities in both
dry and humid conditions andmature technology, but the thermal con-
ductivity is only 0.3–0.4 W/m-K [16,17], which makes the FR4 layer be
the greatest bottleneck in the thermal path of the LED lighting. There-
fore, the circuit board is one of the most important issues in the LED
thermal management to the best of our knowledge.

An ideal circuit board for high power LEDs should be low-cost as
FR4s and high heat-conducting as metals. This is a common object of
the lighting manufactories, and lacks of report. In this work, a copper
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Nomenclatures

M Molecular weight of air [g/mol]
Patm Atmosphere pressure [Pa]
Rgas Universal gas constant [J/(K · mol)]
q Heat flux [W/m2]
Cth Thermal capacitance [J]
Rth Thermal resistance [K/W]
c Volumetric heat capacitance
A Surface/cross section area [m2]
P Power [W]
Φv Luminous flux [lm]
T Temperature [°C]
u Uncertainty

Greek symbols
η Luminous efficiency [%]
ρ Density of the air flow [kg/m3]
λ Thermal conductivity [W/(m · K)]
n Normal vector along heat flow path

Subscripts
j Junction
a Ambient
h Heat
el Electrical
opt Optical
btm Bottom
ref Reference
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base metal embedded printed circuit board (MEPCB) was developed,
which combined the advantages of the PCB and MCPCB. At first, the
Fig. 1. Schematic diagrams of the MEPCB and MCPCB. (a) Manufactory processes of the MEPCB
and MCPCB.
finite element analysis method was applied to study the temperature
distributions. Then, the thermal resistanceswere investigated using for-
ward voltage method coupled to the transient thermal tester analysis
(T3ster®). At last, the electrical, luminous and chromatic performances
at different input current had been measured experimentally.

2. Experimental descriptions

2.1. Description of the testing samples

The MEPCB was manufactured by the following processing steps as
shown in Fig. 1(a). (1) The FR4 board and the two copper layers were
laminated together by heat rolling process. The bottom copper spreader
layer was about 200 μm thick and the upside copper circuit layer was
about 75 μm thick. (2) The drilling process was carried out to form a
hole in the center of the board. (3) A columnar copper slug was embed-
ded in the center hole by a pressing machine. (4) The circuit layer pat-
terning processes were proceeded which consisted of photo resist
process, exposure process, etching process and plating process. Here,
it is necessary to point out that there is a copper plating layer on the bot-
tom of theMEPCB. This layer filled the gap between the copper slug and
the copper spreader layer, which could reduce the contact thermal re-
sistance, enhance the combination strength and improve the sealing
performance of the MEPCB. A commercial MCPCB was used as a com-
parison in this work. In Fig. 1(b), the cross section schematic diagrams
illustrate the thickness of each layer of the MEPCB and MCPCB. There
was an insulating layer between the circuit layer and aluminum layer
in the MCPCB. Differently, there was no heat insulating material
blocking in the heat flow path in the MEPCB. The high power LED ap-
plied in this work uses GaN-based blue light chip with yellow phosphor
(YAG:Ce3+) to produce white light. At the typical power of 1 W with
input current of 350 mA, the LED generates neutral white light by
mixing the blue light from the LED chip and the yellow light from
. (b) Cross section schematic diagrams of the MEPCB and MCPCB. (c) Photos of the MEPCB
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the phosphor. The size of the LED is 6.0 mmwidth and 7.0 mm length.
Finally, the high power LED components were bonded onto the
MEPCB and MCPCB with solder SAC 305 by surface mount technology
(SMT). The cross section photos of the MEPCB and MCPCB with LED
components are shown in Fig. 1(c). The copper slug waswell combined
with the FR4 and the bottom copper layer.

2.2. FEA simulations

ANSYS@ Fluent was used to simulate the thermal performances of the
MEPCB andMCPCB. The ambient temperaturewas set as 25 °C, and the air
flow was three dimensional, laminar and steady. The LED components
operated under natural convection with a heat consumption of 1 W. The
density of the air flowwas calculated based on the ideal gas law as below.

ρ ¼ MPatm

RgasT
ð1Þ

whereM is themolecularweight of air (28.966 g/mol) and Rgas is the uni-
versal gas constant. The governing conditions during the simulationwere
set based onmass,momentumand energy conservation equations,which
had been introduced in our previous work [18]. A first order upwind
scheme was used for the discretization of the inertial terms in the
governing equations, offering stable, convergent, and accurate simula-
tions. The boundary conditions were set as follows:

(1) The simulation domain was a 30 × 30 × 20 mm cabinet whose
surface type was opening along the gravity direction.

(2) A 1 × 1 mm source was placed on top of the chip with constant
heat flux of 1 × 106 W/m2.

(3) The properties at the air–solid interfaces were as follows:

Tair ¼ Tsolid ð2Þ

q ¼ ‐λair
∂T
∂n

����
interface

¼ ‐λsolid
∂T
∂n

����
interface

ð3Þ

(4) The thermal conductivities of the materials used in the simula-
tions are listed in Table 1.

2.3. Transient thermal measurements

The schematic of the transient thermalmeasurement setup is shown
in Fig. 2, including a cold plate with temperature controller, a transient
thermal tester (T3ster®), a 0.5 m diameter integrating sphere, a spec-
trometer (Instrument system®) and a computer.

Transient thermal measurement is a non-destructive method to
measure the thermal properties of LED component. The relationship be-
tween the temperature rise of the junction and the forward voltage,
which is known as K factor, can be denoted by Eq. (4).

K ¼ dT j

dV F
ð4Þ

T j ¼ K � ΔV F þ T re f ð5Þ

where VF is the forward voltage; Tj is the junction temperature of the
LED chip; and Tref is the temperature of the reference point, which is
Table 1
Thermal conductivities of materials in FEAs.

Materials Sapphire Copper Aluminum SAC
solder

Insulting
layer

FR4

Thermal conductivity
(W · m−1 · K−1)

42 387 217 60 0.5 0.3
the cold plate temperature in thiswork. By extracting the thermal struc-
ture function in Eq. (6), the thermal resistance (Rε) and thermal
capacitance (Cε) of each layer could be identified using the Network
Identification De-convolution (NID) method [19–21].

dC
dR

¼ cλA2 ð6Þ

where c is the volumetric thermal capacitance, λ is the thermal conduc-
tivity and A is the cross sectional area of the flow path. When the tem-
perature became steady during the transient thermal measurement, a
5 mA measurement current was applied to the LED immediately and
the forward voltages were recorded. Then, the junction temperature
of the LED chip can be calculated by K factor. Each sample was assem-
bled on the cold plate under different thermal interface conditions: air
interface condition, or thermal grease interface condition. The detailed
measurement was described in JEDEC standard 51–14 [22]. The total
uncertainty (u) includes the experimental uncertainty (uE) and numer-
ical uncertainty (uN), and it can be calculated by Eq. (7):

u ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
uN

2 þ uE
2

p
: ð7Þ

The total uncertainty of the thermal resistance, junction temperature,
luminous flux and color coordinate are 4.73%, 2.15%, 4.03% and 0.0015.

3. Results and discussions

3.1. Simulated thermal performances

The simulation results are shown in Figs. 3 and 4. From the cross sec-
tion view of theMCPCB in Fig. 3(a), it is noted thatmost of the heat con-
centrates on the LED component. And there is a distinct temperature
boundary between the LED component and the MCPCB, where the
low thermal conductivity insulating layer is located. The maximum
temperature appears at the LED chip, and it can be regarded as the junc-
tion temperature (Tj) of the LED chip. For the MCPCB, the Tj reaches
101.8 °C. For the MEPCB as shown in Fig. 3(b), the Tj of the LED chip is
86.4 °C, 15.4 °C lower than that of the MCPCB. The axonometric views
of the MEPCB and MCPCB are shown in Fig. 3(c) and (d). It can be
seen that the temperature distribution on the upside surface of the
MCPCB is more uniform than that of the MEPCB. However, the main
heat dissipation path is not the upside surface but the bottom side of
the circuit board [10]. Fig. 4 shows that the highest temperature on
the bottom surface is located at the center, and temperatures decrease
along radial direction for both samples. The average bottom tempera-
tures (Tbtm,avg) of the MCPCB and MEPCB are 74.6 °C and 76.4 °C, and
the maximum temperature differences on the bottom surface of the
MEPCB andMCPCB are 2.0 °C and 0.9 °C, respectively. Although the bot-
tom temperature uniformity of the MEPCB is a little worse than that of
the MCPCB, the average bottom temperature is still 1.8 °C larger than
that of the MCPCB. It indicates that the heat can be better transferred
to the bottom of the circuit board from the LED component, therefore
enhancing the heat dissipation efficiency.

Thermal resistance is an important attribute for evaluating the LED
device. The simulated thermal resistances from the LED chip to the bot-
tom (Rth,j-btm) of the MEPCB and MCPCB are also evaluated by the fol-
lowing equation:

Rth j‐btm ¼ T j−Tbtm;avg
� �

=Pth: ð8Þ

Here, Pth is equal to the heat consumption of 1 W as mentioned in
Section 2.2. The Rth,j-btm ofMCPCB is 27.2 K/W from the simulated result.
The large thermal resistance means that this insulating layer seriously
blocks the heat flow transferring from the LED component to the alumi-
num layer. Thus, the heat conduction advantage of the aluminum layer
has been greatly weakened. As a contrast to the MCPCB, there is no low



Fig. 2. Schematic diagram of measurement setup.
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thermal conductivity material blocking in the heat dissipation path in
theMEPCB. Therefore, the heat can be transferred from the LED compo-
nent to the bottom side rapidly. The simulated Rth,j-btm of MEPCB is only
10.0 K/W. The difference of the Rth,j-btm between theMCPCB andMEPCB
is 17.2 K/W, which can be mainly ascribed to the insulating layer.

3.2. Measured thermal performances

The K factor of the LED used in this work is −0.78 °C/mV at a mea-
surement current of 5 mA according to the Eq. (4) as shown in Fig. 5.
This means that the forward voltage would drop 1.28 mV when the
junction temperature rise 1 °C. A cumulative structure function defined
as the sum of dCwith respect to the sum of dR is revealed in Fig. 6 at the
input current of 350mA and cold plate temperature of 25 °C. It is noticed
that there are three separation points: A, B and C. These points mean
that the heat flow is beginning to enter different layers whose capaci-
tance and thermal resistance are rather different. The following results
can be observed. 1) On the left of point A, the four cumulative structure
function curves run analogously, which means that the heat flow paths
of the two samples are the same. Once the curves pass point A, the heat
flow will enter the upside surface of the circuit board because it is the
first different layer between the thermal paths of the two samples. The
abscissa value of point A represents the thermal resistance from the
LED chip to the upside surface of the MCPCB or MEPCB, which is the
so called LED component thermal resistance, and the value is 8.6 K/W;
and 2) since the thermal grease decreases the contact thermal resistance
Fig. 3. Simulated thermal maps of MCPCB andMEPCB LED component showing the temperatu
(c) axonometric view of the MCPCB, and (d) axonometric view of the MEPCB.
between the LED device and the cold plate, the cumulative structure
function curves separate at points B and C. The abscissa value from A
to B represents the thermal resistance of MEPCB (2.1 K/W), which is
mainly attributed to the copper slug. The abscissa value from A to C rep-
resents the thermal resistance ofMCPCB (20.0 K/W),which includes the
thermal resistances of insulating layer (16.9 K/W) and aluminum layer
(3.1 K/W). It can be found that the major portion of the thermal resis-
tance ofMCPCB comes from the insulating layer. The conspicuous differ-
ence of the thermal resistance between the MEPCB and the MCPCB
indicates that the insulating layer indeed blocks the heat flow greatly
as inferred from the simulation results.

The thermal resistance from junction to ambient (cold-plate)without
applying thermal grease is defined as the total thermal resistance (Rth,j-a).
Fig. 7 reveals the Rth,j-a versus supplied powers. It is noticed that the
MEPCB LED component has much lower Rth,j-a at different supplied
power levels than that of the MCPCB. And the difference of the Rth,j-a be-
tween the MEPCB and MCPCB increases with the input currents. For ex-
ample, at about 0.5 W (150 mA), the Rth,j-a of the MEPCB is 20.0 K/W,
which is 16.0 K/W lower than that of the MCPCB. At about 3.5 W
(900 mA), the Rth,j-a of the MEPCB reaches the lowest of 11.8 K/W and
it is 22.5 K/W lower than that of the MCPCB. The maximum reduction
in the thermal resistance is 65.60%. This is mainly because that the
Rth,j-a is not constantwith supplied powers. TheRth,j-a ofMEPCB keeps de-
creasingwith the increasing power, while that of theMCPCB decreases at
low powers and then increases at high powers. A reasonable explanation
for the Rth,j-a decreasing is that the active area of the chip changes with
re distributions, (a) cross section view of the MCPCB, (b) cross section view of the MEPCB,

Image of Fig. 2
Image of Fig. 3


Fig. 4. The temperature distribution at the bottom surface of the MEPCB and the MCPCB.
Fig. 6. Cumulative structure functions of MEPCB andMCPCB base LED component at input
current of 350 mA.
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the currents, which is known as current crowding effect [23–25]. At low
supplied powers, the input current is low, and only part of the active
layer of the LED chip actually carries the current. The small area of the
heat source leads to the relatively high effective thermal resistance of
the LED chip. With the supplied power increasing, larger active area is
conducted and the heat is spreadmore uniformly through the chip. Con-
sequently, the effective thermal resistance of the LED chip decreases.
When the supplied power keeps increasing, the junction temperature
will rise greatly for the LED on the MCPCB. For example, the junction
temperature of the MCPCB at about 3.5 W (900 mA) rises to 144.0 °C
as shown in Fig. 8, which has exceeded the recommended maximum
temperature of the chip. The high junction temperature will lead to
more serious nonradiative recombination in LED chips [26]. Thus, the
current crowding effect, which increased the total thermal resistance,
may occur again [27]. As for the MEPCB, the junction temperatures can
be well controlled in an acceptable temperature range. For example, at
about 3.5 W (900 mA), the junction temperature of the LED on the
MEPCB is 63.0 °C, 56.25% lower than that of theMCPCB. The total thermal
resistance (Rth,j-a) of the MEPCB at the supplied power above 3 W
(750 mA) does not firm up. This indicates that the current crowding ef-
fect may not occur at high currents for the MEPCB.

Fig. 8 shows the junction temperature versus the supplied powers. It
can be observed that the junction temperature of the MCPCB is more
sensitive with the supplied powers than that of the MEPCB. Especially
at high supplied powers, increasing power will change the junction
temperature greatly for the MCPCB. There is a dividing power about
Fig. 5. Junction temperatures versus forward voltages at measurement current of 5 mA.
1.5W (450 mA). When the power is below 1.5W, the junction temper-
ature rises linearly. Conversely, when the power is above 1.5 W, the
junction temperature rises exponentially. It indicates that the MCPCB
is only fit for low supplied powers. For theMEPCB, the junction temper-
atures rise linearly with the supplied powers, and always keep in lower
values comparedwith theMCPCB. From about 0.5W (150mA) to 3.5W
(900 mA), the junction temperature changes from 32.3 °C to 63.0 °C,
with an increase of only 30.7 °C. It means that, even if the supplied
power changes a lot, the junction temperature of the LED on the
MEPCB can be still kept in an acceptable range. This is meaningful for
high power LEDs working at wide power ranges. Supplying high
power to the LED chip is one of the most efficient ways to enhance the
light output. However, high supplied powers will increase the junction
temperature inevitably, and therefore decrease the luminous efficiency,
shift the wavelength and generate the color deviations. It is expected
that, by using the MEPCB, the brightness and chromaticity shifts will
be limited.

3.3. Electrical, luminous and chromatic performances

Transient and steady measurements are twomajor methods for LED
assessment. In transient measurement, it takes a very short time (sub-
millisecond time-scale) to measure the parameters. This meets the de-
mand of high production efficiency for LED manufactures. Since the
power-on time is rather short, the heat generated in LED chips can be
Fig. 7. Total thermal resistances versus supplied powers.



Fig. 8. Junction temperatures of the LED chips versus supplied powers.

Fig. 10. Transient state and steady state luminous flux and efficiency versus input currents.
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neglected. However, such a measurement method does not matchwith
the real applications to some extent. Temperature rise of LED chip inev-
itably affect the light output performance under different conditions.
For this reason, steady measurement is employed. LEDs are powered
on to a thermal steady state, and then the parameters are measured.
This method takes into full account for the influence of temperature
change, but consumes a long time. That makes it not suitable for on-
line test in mass production. Generally, by comparing the transient
and steadymeasurement results, the luminous and chromatic stabilities
can be obtained, which is an auxiliary evident of LED thermal behaviors.
Fig. 9 shows the forward voltages of MEPCB and MCPCB versus input
currents. It is noted that the forward voltages at steady state are lower
than that at transient state. Obviously, the decreases of the forward volt-
ages from transient states to steady states on MCPCBs are much larger
than those on MEPCBs, which qualitatively implies that the LEDs on
MEPCBs have the better thermal performance.

Luminous efficiency (η) is an important parameter to evaluate the
optical performance, which can be calculated by Eq. (9).

η ¼ Φv=Pel ð9Þ

where Φv is the output luminous flux, and Pel is the total electrical
power. The measured luminous efficiencies of the LEDs on the MEPCB
and MCPCB at transient states and steady states are revealed in
Fig. 10. With the increase of input current, the luminous efficiencies in-
crease at first and then decrease. The maximum efficiency appears at
Fig. 9. The forward voltage variation with the input current for the MCPCB and MEPCB.
the input current around 20 mA. At the highest current of 900 mA, the
luminous efficiencies of the MCPCB decrease by 9.58 lm/W (29.10%)
from transient state to steady state, while that of the MEPCB only de-
creases by 1.85 lm/W (4.34%). From Eq. (9), it can be inferred that
there are two reasons for the decrease of the luminous efficiency from
transient state to steady state: 1) the increase of the input power; and
2) the decrease of the luminous flux. Interestingly, on the premise of
constant current cases, even though the decrease of the forward voltage
of the MCPCB case is larger than that of the MEPCB case, the luminous
efficiency decrease is still more serious. The only appropriate explana-
tion is that the decrease of the luminous flux from transient state to
steady state of the LED affects the total luminous efficiency as a domi-
nant role. According to the luminous fluxes in Fig. 10, no matter using
transient or steady measurement, the luminous fluxes of the MEPCB
andMCPCB increasewith the increasing input currents, but the increas-
ing slopes decrease. At transient state, the luminousfluxes of theMEPCB
andMCPCB are very similar at different currents. At steady state, the lu-
minous fluxes are lower than that at transient state for both samples.
And the luminous flux differences between the two components be-
come distinct, especially at high currents. For the MCPCB, the transient
state and steady state luminous flux curves started to separate clearly
when the input current is above 300 mA. And at 900 mA, they are
153.6 lm and 121.4 lm, respectively. For the MEPCB, the increasing
trend of the luminousflux at steady state is similarwith that at transient
state. At 900 mA, the luminous fluxes in the transient state and steady
state are 155.9 lm and 150.7 lm, respectively. The MEPCB can enhance
the luminous flux by 29.3 lm (24.14%) compared with the MCPCB,
which means that the MEPCB can help LEDs to obtain high brightness
in high power applications.

With the increasing requirement of high quality LED lightings, the
chromatic performance becomes more and more important. Fig. 11
shows the chromaticity coordinates at the transient state and steady
state chromaticity coordinates under different input currents. In order
to simplify the discussions, the correlated color temperature (CCT)
shift value versus current (from 150 mA to 900 mA) is defined as
C-shift; and the CCT shift value between the transient state and steady
state is defined as TS-shift. For the transient measurement, the CCTs of
theMEPCB andMCPCB samples shift toward to high color temperatures
almost linearly and parallelly with the increasing input currents. This is
because that the blue light emission from the LED chip increases with
the increasing current, leading to the chromatic coordinates shifting to
the blue part in the chromaticity diagram, which is also known as blue
shift. The C-shifts of the LEDs on the MEPCB and MCPCB are 77 K and
83 K, respectively. For the steady measurement, the C-shifts of the
LEDs on the MEPCB and MCPCB are 93 K and 223 K with the input



Fig. 11. Transient state and steady state chromaticity coordinates of the MCPCB and
MEPCB at different input currents.
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current from 150 mA to 900 mA, respectively. The relationships of the
chromatic coordinates versus currents have become nonlinear. It can
be also obtained that the C-shift of the MCPCB is more serious
than that of the MEPCB. Compared with the transient state results, the
TS-shifts increase with the increasing current for both LEDs on the
MEPCB and MCPCB. The largest TS-shift of the LED on the MEPCB is
19 K at 900mA,while it is 135K for the LED on theMCPCB. A reasonable
explanation for the above results is that the high temperature will de-
crease the blue emission and the phosphor excitation efficiency, but
the latter loses more from our previous research [28], which leads to a
more serious blue shift for the LEDs at high currents. For high current
cases, the chromaticity of the LEDs on MCPCB will be very different
with the nominal value measured at transient state. Obviously, the
MEPCB can keep the C-shift and TS-shift within acceptable ranges. The
reduction of chromatic shift within a wide range of input current is
meaningful for LED light quality, especially in the coming intelligent
lighting age.

4. Conclusions

In conclusion, a metal embedded printed circuit board has been de-
veloped in thiswork. Finite element analysis and transient thermalmea-
surements were used to evaluate the thermal performances, including
the thermal resistances, the junction temperatures and the temperature
uniformities. Finally, the luminous and chromatic performances were
also measured as further evident of the thermal behaviors.

The FEA results demonstrate that the heat flow can be effectively
dissipated through the embedded copper slug to the bottom copper
layer. The simulated thermal resistances well match with the transient
thermal measured results. The total thermal resistance of the MEPCB
decreases with the increasing current monotonically, which indicates
that the current crowding effect may not occur at high currents. At the
supplied power of about 3.5W (900mA), for theMEPCB, the total ther-
mal resistance from LED junction to ambient is 11.8 K/W and the junc-
tion temperature is 63.0 °C, which are 65.60% and 56.25% lower than the
conventional MCPCB. Benefiting from the excellent thermal perfor-
mance of the MEPCB, up to 24.14% increase in steady state luminous
flux is obtained compared with the MCPCB. It is also found that the de-
crease of the luminous flux from transient state to steady state is the
dominant reason for the luminous efficiency reduction. Moreover, the
MEPCB can also improve the chromatic stability of the LED by reducing
the C-shift and the TS-shift, which is very important for high quality
lightings.

Printed circuit boards play important roles in LED lightings. In order
to enhance the thermal and optical performances of the high power
LEDs, and take the cost into account, new types of printed circuit boards
have to be developed. This paper gives a detailed evaluation on the
novel MEPCB, and proves that the MEPCB is more suitable for LEDs
working at wide current ranges.
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