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We propose a multilayered-substrate-based power
semiconductor discrete device package for a low
switching loss and high heat dissipation. To verify the
proposed package, cost-effective, low-temperature co-
fired ceramic, multilayered substrates are used. A bare
die is attached to an embedded cavity of the
multilayered substrate. Because the height of the pad
on the top plane of the die and the signal line on the
substrate are the same, the length of the bond wires
can be shortened. A large number of thermal vias with
a high thermal conductivity are embedded in the
multilayered substrate to increase the heat dissipation
rate of the package. The packaged silicon carbide
Schottky barrier diode satisfies the reliability testing of
a high-temperature storage life and temperature
humidity bias. At 175 °C, the forward current is 7 A at
a forward voltage of 1.13 V, and the reverse leakage
current is below 100 lA up to a reverse voltage of
980 V. The measured maximum reverse current (IRM),
reverse recovery time (Trr), and reverse recovery
charge (Qrr) are 2.4 A, 16.6 ns, and 19.92 nC,
respectively, at a reverse voltage of 300 V and di/dt
equal to 300 A/ls.

Keywords: Low-temperature co-fired ceramic,
Multilayered substrate, Power semiconductor,
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I. Introduction

The achievement of a high efficiency and small form
factor has recently become one of the most key issues in
the manufacturing of all power conversion systems. To
overcome this issue, many research groups have studied
wide-bandgap semiconductors such as gallium nitride
(GaN) and silicon carbide (SiC) [1]–[7] to realize a high
switching frequency for power semiconductor package
technologies [8]–[10] for a low switching loss and high
heat dissipation. During the reverse recovery of a diode,
switching overvoltages are generated in a transistor or
diode owing to the high di/dt caused by the parasitic
inductances in a power conversion system. This increases
the turn-off power dissipation and voltage stress in power
semiconductors. This effect is particularly critical with
regard to high-frequency operation because undesired
high-frequency oscillations may be generated in
connection with the parasitic capacitances [11], [12].
This paper introduces a new power semiconductor

device package technology used to reduce the parasitic
inductance and on-resistance arising from conventional
bond wires/ribbons using a multilayered low-temperature
co-fired ceramic (LTCC) substrate. Figure 1 shows the
basic concepts of the conventional and proposed power
semiconductor device packages [13]. Typically, a power
semiconductor package uses a single-layer substrate such
as direct bonded copper (DBC), direct plated copper, and
thick printed copper. However, we propose the use of
a new multilayered-substrate-based package type. A
semiconductor die is attached to the embedded cavity of a
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multilayered substrate. Because the height between the
pad on the top plane of the device and the signal line on
the substrate is the same, the bonding length can be
minimized. According to the equation regarding the
inductance of a round wire [14], the parasitic inductances
of the bonding wires for the conventional and proposed
packages differ by a factor of six for a device thickness of
400 lm and a wire diameter of 5 mil.
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l is the length in meters,
d is the diameter in meters,
l is the permeability.

By using a shorter wire or ribbon bond, we can reduce
the parasitic inductance and decrease the switching and
conduction losses in a power conversion system.
In this paper, Section II presents the proposed power

semiconductor device package structure, and Section III
describes the fabricated package using the multilayered
LTCC substrate. Finally, Section IV focuses on the
measurement results including the direct current (DC),
dynamic, and reliability performance.

II. Proposed Package Structure

To verify the proposed package, we used multilayered
LTCC substrates. In comparison with a DBC substrate

such as aluminum nitride (AlN), beryllium oxide (BeO),
and aluminum oxide (Al2O3), the LTCC substrate is less
costly (around 20% of that of DBC substrates). Its thermal
expansion coefficient is close to that of a power
semiconductor (Si, 2.6 ppm/K; GaN, 3.1 ppm/K; SiC,
3.7 ppm/K). The relatively low thermal conductivity of
the LTCC can be overcome by using filled thermal vias
and inner metal planes embedded in the substrate. Table 1
summarizes a comparison of the properties of several
substrate materials [15].
Figure 2 shows a simplified cross-sectional view of

the proposed package using multilayered LTCC
substrates. The proposed package is surface-mount-type.
The anode of the Schottky barrier diode (SBD) has
dimensions of 2.1 mm 9 2.1 mm and is connected to
the anode port at the bottom plane of the package
through Al bond wires, inner metal planes, and via
holes in the LTCC. The die is attached using SnAgCu,
a lead-free solder paste with high thermal and electrical
conductivities. The cathode between the bare die and
the package is connected to the large inner metal

(a)

(b)

Device

Wires/ribbons

Single-layer substrate

Device

Multilayered substrate 
Wires/ribbons

Cavity

Fig. 1. (a) Conventional and (b) proposed structures for the
discrete device packages of power semiconductors.

Table 1. Comparison of the material properties of various
substrates.

AlN BeO Al2O3 LTCC

Thermal
conductivity
(W/(m�K))

100–270 250 31.4 100*

Coefficient
of thermal
expansion
(ppm/K)

4.5 8 6.8 4–6

Strength
(MPa)

400–500 170–230 290 130–300

Layer Single Single Single Multi

Cost High High High Low

*Including thermal vias and embedded metal planes.

Device

2.45 mm 1.7 mm

LTCC

Al wires

M16bottom

M1

L1–L7
(700 μm)

L8–L11
(400 μm)

L12–L16
(500 μm)

Thermal via

Cathode Anode

Glob top

M11
M12

M8

M7

SnAgCu

M13–M16

Fig. 2. Simplified cross-sectional view of the proposed package.
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planes and many of the thermal via holes embedded
in the multilayered substrate. For high heat dissipation,
the thermal conductivities of the inner metal planes
and thermal via-filling metal are 400 W/(m�K) and
250 W/(m�K), respectively. The 500-lm-thick LTCC
substrates (L12 to L16) below the device prevent the
camber phenomena of the substrates.

III. Fabricated Power Semiconductor Device
Package

Figure 3 shows normal and cross-sectional (A–A') X-
ray images of the fabricated multilayered LTCC substrates
for a power semiconductor package. Cavity 1 is formed in
seven layers (L1 to L7, with a thickness of 700 lm), and
its bottom plane is connected to the anode of the SBD bare
die through Al bond wires. Cavity 2 is formed in 11 layers
(L1 to L11, with a thickness of 1.1 mm), and the SBD is
attached there. The enlarged inner metal planes and
thermal vias are shown in Fig. 3(b).
Figure 4 shows an image of a SiC SBD after die

bonding to cavity 2 of the LTCC substrates using SnAgCu
solder paste and three 5-mil Al wires for the maximum
current capacity.
Figure 5 shows the top and bottom views of the

proposed power semiconductor, SBD, and discrete device
package of the LTCC-based surface mount device (SMD)
after fabrication. Two cavities were filled with a glob top
encapsulation material to protect the bare die chip. The
package dimensions are 8 mm 9 8 mm, and its thickness
is 1.6 mm (16 layers, 100 lm/layer).

IV. Measurement Results

Figure 6 shows the measured forward DC
characteristics of the SiC SBD bare die and the proposed
LTCC-based SMD package. The bare die was measured
using an on-wafer probe test with a Keithley 2651A, and

A

A'

Cavity 1

Cavity 2

(a)

Cavity 1

Cavity 2
Inner metal planes

Inner metal
planes

Thermal
vias

(b) (c)

Fig. 3. Fabricated LTCC substrate: (a) photograph and cross-
sectional X-ray images of the (b) cavities, and (c) inner
metal planes and thermal vias.

Cavity 1

Cavity 2

Al wires

Fig. 4. Photograph after die attachment to cavity 2 and Al bond
wiring.

LTCC-based SMD P/S

(a) (b)

Glob top

Fig. 5. (a) Top and (b) bottom views of the proposed power
semiconductor device package after fabrication.
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Fig. 6. Measured DC forward characteristics of the bare die and
fabricated package.
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the packaged device was measured using a Tektronix
370A with a customized socket, as shown in the inset of
Fig. 6. The current–voltage (I–V) curve of the packaged
device includes measurement losses such as those due to
the connector, two 2.5-cm-long cables for the anode/
cathode ports, a PCB board, the soldering, and the device
contact resistance, which inevitably arise from the use of
the socket. The current difference between the bare die
and packaged device is due to the thermal performance
and on-wafer contact resistance during probing.
Figure 7 shows the measured waveforms as a function

of the reverse voltage from 200 V to 500 V at di/dt equal
to 300 A/ls for a dynamic performance test of the
fabricated packaged device according to the dynamic test
circuit used in [16]. Even though the proposed SMD
package was attached to an additional lead frame through
Pb soldering owing to the measurement environment, as
shown in Figs. 7 and 8, it shows outstanding dynamic
performance with a maximum reverse current (IRM),
reverse recovery time (Trr), and reverse recovery charge

(Qrr) of 2.24 A, 17.6 ns, and 19.712 nC, respectively,
at a reverse voltage (VR) of 500 V and di/dt equal to
297.1 A/ls. Table 2 summarizes the measured dynamic
performance as a function of the reverse voltage at di/dt
equal to around 300 A/ls.
Figure 8 shows the measured reverse recovery

waveforms as a function of di/dt from 109.1 A/ls to
400 A/ls at a reverse voltage of 300 V. The proposed
package shows outstanding dynamic performance with
values of IRM, Trr, and Qrr of 2.4 A, 16.6 ns, and
19.92 nC, respectively, at di/dt equal to 300 A/ls.
Table 3 summarizes the measured dynamic performance
as a function of di/dt at a reverse voltage of 300 V.
Figure 9 shows a measured dynamic performance

comparison with three conventional schemes. One is a

8

C
ur

re
nt

 (A
)

Time (s)

7
6
5
4
3
2
1
0

–1
–2
–3
8.4E-07 8.5E-07 8.6E-07 8.7E-07 8.8E-07 8.9E-07 9.0E-07 9.1E-07

VR = 200 V
VR = 300 V
VR = 400 V

VR = 500 V

0.00E+00 5.00E+07 1.00E-06 1.50E-06 2.00E-06

8
7
6
5
4
3
2
1
0

–1
–2
–3

Fig. 7. Measured reverse recovery waveforms as a function of
the reverse voltage from 200 V to 500 V at di/dt equal to
300 A/ls.
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Table 2. Performance summary of dynamic testing as a function
of the reverse voltage at di/dt equal to 300 A/ls.

VR (V)
di/dt
(A/ls)

IRM (A) Trr (ns) Qrr (nC)

200 308.6 2.48 16.8 20.832

300 300.0 2.40 16.6 19.920

400 302.9 2.24 17.8 19.936

500 297.1 2.24 17.6 19.712
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Fig. 9. Measured reverse recovery waveforms of several other
package types at di/dt equal to 300 A/ls and a reverse
voltage of 300 V.

Table 3. Performance summary of dynamic testing as a function
of di/dt at a reverse voltage of 300 V.

di/dt (A/ls) IRM (A) Trr (ns) Qrr (nC)

109.1 1.12 21.0 11.760

206.3 1.76 19.8 17.424

300.0 2.40 16.6 19.920

400.0 3.20 14.6 23.360
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TO-254 package, for which the bare die was attached to a
1-mm-thick BeO substrate using three 5-mil Al bond
wires. Another is a TO-257 package, for which the bare
die was attached to a 1-mm-thick AlN substrate using
three 5-mil Al bond wires. The other is the TO-220
product packaged by Global Power Technology Co. Ltd.
[17]. Its bare die is directly attached to a metal frame using
15-mil Al bond wire. Table 4 summarizes a comparison of
the measured dynamic performance of several package
types at di/dt equal to 300 A/ls and a reverse voltage of
300 V. As mentioned earlier, although the proposed SMD
package includes an additional lead frame through Pb
soldering for only the dynamic performance tests, the
measured Qrr improved by around 10.15% compared to
that of the conventional product (G2S06010A) using the
same bare die.
We evaluated the high-temperature storage life (HTSL)

and temperature humidity bias (THB) to verify the
reliability. Figure 10 shows the measured forward and
reverse I–V characteristics before and after the HTSL test
(100 °C, 200 h). First, we measured 43 samples before the
HTSL test (colored lines) and remeasured 5 of the samples
after the HTSL test (black lines). We can see that there
were no performance degradations in the devices after the
HTSL test.

Figure 11 shows the measured forward and reverse I–V
characteristics before and after the THB test (85 °C, 85%
relative humidity, 200 h). We evaluated the THB using
five samples. Figure 11 shows the measured results of 43
(colored lines) and the 5 (black lines) samples before and
after the THB test, respectively. We can see that there
were no performance degradations in the devices after the
THB test.
Figure 12 shows the measured forward and reverse I–V

characteristics for the packaged device at different
temperatures. The measurement setup consisted of a curve
tracer, two high-temperature cables with lengths of 1.5 m,
a customized socket, and a temperature chamber. The
graphs in Fig. 12 show the results of de-embedding the
losses incurred from the measurement setup. At an

Table 4. Dynamic performance comparison with other
conventional package types at di/dt equal to 300 A/ls
and a reverse voltage of 300 V.

Package
Substrate
on metal
plate

Bond
wire

Qrr (nC)
Fabrication

photo

Proposed
SMD

LTCC
w/ cavity

5-mil Al
(3 ea.)

19.92
for
test

TO-254 BeO
5-mil Al
(3 ea.)

20.74

TO-257 AlN
5-mil Al
(3 ea.)

20.25

Product
(TO-
220)

N/A
15-mil
Al

(1 ea.)
22.17
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Fig. 10. Measured (a) forward and (b) reverse DC characteristics
before and after HTSL testing.

870 ETRI Journal, Vol. 39, No. 6, December 2017

https://doi.org/10.4218/etrij.17.0117.0113



ambient temperature of 175 °C, a forward current of 7 A is
achieved at a forward voltage of 1.13 V, and a reverse
leakage current of 100 lA is exhibited at a reverse voltage
of 980 V.

V. Conclusion

A new power semiconductor device package structure
using LTCC multilayered substrates was proposed for a
low switching loss as a method to reduce the parasitic
inductance caused by wire bonding. To increase the heat
dissipation capacity of the package structure, we used
thermal via-filling as well as an inner metal plane
embedded in the substrate. The DC and dynamic
performance was evaluated as a function of the reverse

voltage and di/dt conditions. Finally, the reliability of the
package structure was tested using the HTSL and THB
methods. In conclusion, we believe that the proposed
package can be used to increase the efficiency and
decrease the form factor of a power conversion system.
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