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밀리미터파 SoP 응용을 위해 광대역

수직천이를 집적한 초소형 LTCC 팻치안테나

(Compact LTCC Patch Antenna Integrating a Wideband

Vertical Transition for millimeter-wave SoP Applications)

이 영 철
*

(Young Chul Lee)

Abstract In this work, a compact patch antenna based on a low temperature cofired
ceramic (LTCC) has been presented for V-band system-on-package (SoP) applications. In
order to integrate it with transceiver block, a waveguide (W/G) to embedded microstrip line
(eMSL) vertical transition was designed using slot-fed double stacked patch antennas for
easy assembly and wide bandwidth. The 2 x 2 patch antenna integrating the transition was
designed and fabricated in the 5-layer LTCC dielectrics. The whole size of the fabricated
antenna including the 2 x 2 patches, transition and W/G was 20 x 24 x 5.39 mm

3
. The

fabricated antenna has achieved a 10 dB impedance bandwidth of 2.45 GHz from 61 to 63.45
GHz.
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1. Introduction†

Recently, various wireless communication systems

has been proposed and developed [1~3] widely and

rapidly using 60 GHz or above bands, which lead to

a great demand for compact and low-cost radio

systems. The low temperature cofired ceramic

(LTCC) based ystem-on-package (SoP) approach

[1~3] is one of the most promising solutions for

integration of the radio system due to its

multi-layer integration capability, excellent metal

conductivity, low-loss characteristics, and a

temperature coefficient of expansion (TCE) close to

semiconductors.

* 목포해양대학교 전자학과, 제1저자 및 교신저자 (leeyc@mmu.ac.kr)

Antenna designs for radio systems using 60 GHz

or above bands have been tried to integrate it into

chip [4] and package [1, 2]. The antenna integrated

into the silicon-based chip showed poor radiation

efficiency due to the low resistivity and high

permittivity [4]. Now several approaches have been

tried for reduction of the silicon substrate loss [5,

6]. In this work, a 2 x 2 patch antenna integrating

a transition (waveguide to embedded microstrip line)

using a low temperature co-fired ceramic (LTCC) is

presented for 60 GHz s SoP applications.



WR15

Back-short

Patch
ANT

- 20 -

(a) The front view b) The bottom view

<Fig 1> 60 GHz LTCC patch antenna (ANT) with

a waveguide-to-eMSL transition

2. Design of a LTCC Patch Antenna

A 60 GHz LTCC patch antenna with a waveguide

(W/G) to embedded microstrip line (eMSL)

transition is shown in <Fig 1>. This antenna

consists of a 2 x 2 patch antenna, transition,

back-short structure, and waveguide (WR15). The

transition should be designed for interconnecting the

patch to the W/G. The antenna and transition are

designed using the LTCC dielectric substrate with a

relative permittivity and a loss tangent of 6.6 and

0.001, respectively. The thickness of each LTCC

layer is 114 μm. The conductor materials are 10 μm

thick gold and silver for a outer and inner metal,

respectively. The five LTCC layers are used to

design the antenna and transition.

2.1 Waveguide Transition

The transition configuration is presented in <Fig

2>. In order to interconnect the compact LTCC

patch antenna with the waveguide (W/G)-type ports

of the wireless communication equipments. A

waveguide-to- microstrip line transition is required.

Several types of waveguide-to- microstrip

transitions have been researched using probe [7],

ridged [8], and slot-coupled type [9]. In this work,

considering an easy integration with an eMSL

structured feed-line coupler and available wide

bandwidth at a 60 GHz band, a waveguide-to-

eMSL transition is designed using slot-fed double

stacked patch antennas [10].
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<Fig 2> Structure of a waveguide to eMSL

transition (Lx: the number of the LTCC

sheet layer and Mx: the number of the

metal layer)

<Fig 3> Conductor layouts on the LTCC sheets for

a 2x2 patch antenna [(a) the 1
st
(M1)- and

2
nd
(M2) - layer pattern (inset: an inserted

eMSL probe), (b) the 3
rd
(M3) layer (inset:

an aperture dimensions), (c) the 5
th
(M5) -

and ground (GND) - layer pattern (inset:

transition (Tr.) patches)].

The transition consists of the eMSL, coupling
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Parameters Description Dimension

LP Length of the probe 1.28

LS Length of the stub 0.227

HAxLA Size of the aperture 0.696 x 0.225

HP1xLP1 Size of patch 1 0.690 x 0.545

HP2xLP2 Size of patch 2 0.725 x 0.573

aperture, and double patches. <Fig 3> shows

layouts of the eMSL-to-W/G [WR15, 1.88 (LG) x

3.67 (HG) mm
2
] transition and microstrip patch

antenna. A probe at the end of the eMSL coupler is

inserted into the W/G and its end is short-circuited

using a back-short structure as shown in <Fig 2>

and <Fig 3(a)>. The optimized length of the

back-short is 800 μm which is almost the same as

a quarter-wave length at the center frequency. The

W/G in the LTCC substrate is surrounded by vias

for interconnecting GND planes and reducing

parallel-plate leakage in the substrate. The critical

parameters of the transition are the probe length

(LP), stub length (LS), the size of the aperture (LA

x HA) and patch antennas (LP1 x HP1 and LP2 x HP2

for M5 and GND, respectively). These parameters

are numerically optimized and summarized in

<Table1>.

<Table 1> Optimized parameters [mm]

<Fig 4> Simulated results of the eMSL- to - W/G

transition

Transmission characteristics of the designed

eMSL-to-W/G transition are calculated by using a

commercial electromagnetic simulator [11]. The

simulated results of the eMSL-to-W/G transition

are shown in <Fig 4>. The bandwidth for reflection

below –10 dB is 8.08 GHz (13%) from 57.98 to

66.06 GHz.

<Fig 5> Structure of the LTCC patch antenna (a)

and an eMSL power divider (3dB-coupler)

for a 4-way (b)

2.2 Patch Antenna

The 2x2 array patch antenna is designed with a

LTCC microstrip (MSL) structure. <Fig 5> shows

the schematic structure of the LTCC antenna and

an eMSL power divider. 3 layers from L1 to L3 are

for the antenna and additional 2 layers (L4 and L5)

are used for internal and outer ground planes. Total

5 layers are used because of LTCC design rule of

the Foundry Company [12]. Therefore, they are

interconnected for ground planes. The radiating

patches are placed on the 1
st
layer (L1) and their

size is the same as 1.5 x 0.71 mm
2
. Thee MSL

structured feeding network is designed on the 2
nd
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layer (L2) using a T-divider (power divider). In

this structure, 70.7Ω-quarter-wavelength (λg/4)

transformers are required. However, it is impossible

to implement them because limitation of a line

width is 90 μm in the LTCC design rule. Therefore,

the additional λg/4 transformers with low impedance

(Z) are designed at the common port as shown in

<Fig 5 (b)>. The width of high Z lines is 90 μm

and their impedance is 47 Ω. For the low Z lines,

their width and length are optimized considering

overall characteristics. The optimized width and its

impedance are 130 μm and 40 Ω, respectively. The

ground plane is on the front side of the 3
rd
layer

and is interconnected with L4 and L5 using vias.

The antenna size is as small as 7 x 7 x 0.57 mm
3
.

3. Fabrication and Measurement

3.1 Fabrication

The designed LTCC 2x2 patch antenna with the

eMSL-to-W/G transition was implemented in

5-LTCC dielectric layers using a standard LTCC

process. A thickness between the metal layers is

114 μm. A relative dielectric constant and loss

tangent of the LTCC dielectric are 6.6 and 0.009,

respectively, at 60 GHz. Ag and Ag/Pd conductors

were screen-printed on the unfired layers as

internal and external conductors, respectively. <Fig

6> shows a photograph of the fabricated antenna

integrating the transition. The bottom view presents

the WR15 waveguide and holes for screw and

<Fig 6> Fabricated LTCC patch antenna with the

transition

guiding. The whole size of the antenna including

the waveguide and back-short structure is as small

as 20 x 24 x 5.39 mm
3
.

3.2 Measurement

The fabricated LTCC antenna was mounted on

the waveguide (WR15) and the back-short structure

was assembled using a conductive paste. <Fig 7>

shows the measured return-loss characteristic

compared to the simulated one. The simulated

return loss shows a -10 dB bandwidth of 3.2 GHz

(61 ~ 64.2 GHz). The 10 dB impedance bandwidth

of the measured one is 2.45 GHz from 61 ~ 63.45

GHz which is lower value of 750 MHz than the

simulated one. The parasitic resistance, inductance,

and capacitance, which came from assembly process

and misalignment among the LTCC patch antenna,

WR15 W/G, and back-short structure, result in

shorter bandwidth than the simulated one.
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<Fig 7> Measured return loss of the fabricated

LTCC patch antenna compared to the

simulated one [M: measurement and E:

Simulation]

4. Conclusion

A LTCC 2 x 2 patch antenna integrating a

waveguide (W/G) to embedded microstrip line

(eMSL) transition was reported for 60 GHz wireless

communication applications. A W/G-to-eMSL

transition using slot-fed double stacked patch
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antennas was designed for easy integration with the

antenna and wide available bandwidth of the

transition. The designed 2 x 2 patch antenna was

fabricated using the 5-layer LTCC dielectrics. The

whole size of the fabricated antenna including 2 x 2

patches, transition, and W/G was 20 x 24 x 5.39

mm
3
. The antenna achieves a 10 dB impedance

bandwidth of 2.45 GHz from 61 to 63.45 GHz.
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