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Abstract

The three-dimensional (3D) masterslice MMIC
technology has, even in the millimeter-wave region, the
advantages of high integration levels, simple design
procedures, short turn-around-time, and low fabrication
cost. Fabricated V-band amplifiers achieve an 8-dB gain and
a 5.3 dB noise figure in an area of 0.27 mm2. A U-band
single-chip downconverter is also demonstrated.

I. Introduction

In the millimeter-wave frequency region, many
commercial wireless applications such as vehicular radar,
wireless LAN, wireless CATV have been proposed and
developed. These applications have similar requirements to
those for mobile communication systems which use low
frequencies: high integration levels, compact chip size, low
fabrication cost, and quick development. However, reported
millimeter-wave MMICs[1],[2] were implemented as large
chips, low integration level, even though the wavelength
was short. This is because the coupling between line
segments and discontinuities at bends degrade circuit
performance. The MMIC design procedure is also extremely
complex due to the transmission lines discontinuities.

Three-dimensional (3D) masterslice MMIC
technology[3]-[5] is very effective in developing compact
high-density millimeter-wave MMICs. The narrow line
width, thin dielectric layers used as a substrate, and the low
effective dielectric constant materials make millimeter-wave
MMICs very compact without the need for intricate designs.
The masterslice methodology based on the 3D MMIC
technology also enables the design of MMICs utilizing
circuit libraries such as ASIC and ensures high yields from
devices resulting in a simple design method, low fabrication
cost, and short turn-around-time (TAT). First, this paper
compares the 3D MMIC characteristics with planar

conventional MMIC characteristics in the millimeter-wave
frequency range and clarifies the advantages of the 3D
masterslice MMIC technology. Second, 50- and 60-GHz-
band amplifiers are demonstrated. A U-band single-chip
downconverter is also presented. Finally, the advantages are
effectively used and implemented in a single-chip
downconverter exemplifying the possibilities of 3D MMIC
for millimeter-wave wireless systems such as ITS and
LMDS.

II. Features of three-dimensional MMIC in
millimeter-wave region

A 3D masterslice MMIC consists of a GaAs
substrate on which transistors, resistors, and lower metals of
an MIM capacitor are fabricated; four 2.5-µm-thick dielectric
films, and five 1-µm-thick metals (top surface conductor is
2-µm thick) are formed on the GaAs substrate. The substrate
thickness of the transmission lines is less than 10 µm. This
structure is advantageous in constructing compact
millimeter-wave MMICs. Figure 1 shows the coupling
between adjacent line segments. The coupling length is λ /8

TFMS: w = 22 µm, h = 10 µm, L=λ / 8
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Fig. 1 Coupling of adjacent line segments at the coupling
length of λg/8.
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at 60 GHz and line width is 22 µm. The horizontal axis
shows the normalized spacing between adjacent line
segments and the vertical axis shows feedback and forward
coupling values. The coupling is less than -30 dB when the
spacing, s/h, is more than 3. This means that the spacing of
just 30 µm is enough to render coupling insignificant in
terms of design. The coupling value decreases when the line
length decreases. Table 1 compares three 50-Ω
transmission lines at 60 GHz: a thin-film microstrip
(TFMS) line with a 10-µm-thick polyimide substrate, a
microstrip line with a 100-µm-thick GaAs substrate, and a
coplanar waveguide with a 20-µm signal-line width and
600-µm-thick GaAs substrate. In addition, the 20-µm-wide
microstrip line characteristics are shown in Table 1. The
characteristics of the TFMS line and the CPW are measured
results, while the characteristics of the microstrip lines are
simulated results. The TFMS line shows relatively high
transmission loss, dominated by conductor loss. However,
it is not a serious matter to realize reasonable circuit
performance for millimeter-wave wireless systems. The
reason for this is that the difference in loss between TFMS
and the other lines can be minimized by circuit design and
active devices used, resulting in achieving nearly the same
performance as that of active circuits employing other lines.
The bend and the via sizes of the TFMS line are smaller
than those of the conventional transmission lines. These
results indicate that the TFMS lines have very high
potential in achieving compact MMICs and much simpler
design in the V-band due to its parasitic-free characteristic.

III. Circuit performance

A. Amplifier
A millimeter-wave MESFET, the

InGaP/InGaAs/GaAs HMESFET[6],[7] was used to
demonstrate 3D masterslice MMIC amplifiers. The
HMESFET has a double lightly-doped drain structure and
0.1-µm Au/WSiN T-gate[6]. The fT and fmax of the
HMESFET are 70 GHz and 130 GHz, respectively. Figure
2 shows millimeter-wave 3D MMIC amplifiers
implemented on a master array. The master array comprises
100-µm gate-width HMESFETs, resistors, and lower
metals of the MIM capacitors. The upper and lower areas of
Fig. 2 contain the 60-GHz-band and 50-GHz-band
amplifiers. The area for each amplifier is a mere 0.84 mm x
0.32 mm. The amplifiers comprise cascode-connected
HMESFETs with a 70-Ω  TFMS line, input- and output-
matching circuits constructed using 50-Ω  TFMS lines.
The measured performances of the 60- and 50-GHz-band
amplifiers are shown in Fig. 3 and Fig. 4, respectively.
Solid lines and dotted lines represent the measured and
simulated results, respectively. The simulations were

performed without considering the effects of bends, vias and
couplings between adjacent line segments. However, the
measurement and the simulation results are in good
agreement except for S11. as shown in Fig. 3 (a) and Fig. 4
(a). This difference originates primarily from the fact that the
device model was constructed prior to establishing the
device process. The gain and the noise figure of the 60-
GHz-band amplifier are more than 8 dB over 56 to 61 GHz
and 5.3 dB at 58 GHz, respectively. The gain and the noise
figure of the 50-GHz-band amplifier are more than 8 dB over
49 to 54 GHz and 5.5 dB at 51 GHz, respectively. These
amplifiers can also offer more than 20-dB gain variation by
controlling the second gate bias. These results are nearly the
same as those of planar MMIC amplifiers using CPW[7],
that is to say, the 3D masterslice MMIC technology is very
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Fig. 2 Microphotograph of 50- and 60-GHz 3D masterslice
MMIC amplifiers.

Table 1 Comparison of TFMS, microstrip line, and coplanar

waveguide characteristics.

F = 60 GHz

TFMS

h = 10 µm

w = 22 µm

Microstrip

h = 100 µm

w = 75 µm

(w = 20 µm)

CPW

g = 16 µm

w = 20 µm

Wavelength 2.96 mm 1.72 mm

(1.81 mm)

2.03 mm

Electrical length

of bend

2.3° 14.7°
(4.0°)

9.4°

Electrical length

of via

1.1° 21° N/A

Loss per

wavelength

2.00 dB/λg 0.46 dB/λg

(0.71 dB/λg)

1.68 dB/λg
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effective in achieving high compact millimeter-wave
MMICs and easily achieves reasonable circuit performance.

B. Downconverter
Figure 5 shows the block diagram and

microphotograph of a fabricated U-band single-chip
downconverter. It consists of three RF amplifiers and an
image-rejection resistive mixer on a master array that has 6
x 3 unit arrays with an area of 1.78 mm x 1.28 mm; a
production-level 0.2-µm gate-length self-aligned GaAs
MESFET[8] (fT = 40 GHz and fmax = 80 GHz) with a 100-
µm gate width was used for the master array. Figure 6 shows
the measured performance of the downconverter. The
conversion gain is 0 dB ± 1.5 dB and the image rejection
ratio is better than 15 dB over 42.5 GHz to 47.5 GHz. As
shown in the photograph, further reductions in chip size can
be easily accomplished with a more condensed master array.

In addition, a gain of more than 10 dB will be obtained, if
high performance millimeter-wave devices such as HEMTs
are used.

IV. Conclusion

Three-dimensional masterslice MMIC technology
is very useful in developing millimeter-wave MMICs,
greatly improving the integration level and simplifying
millimeter-wave MMIC design. This paper demonstrated
millimeter-wave amplifiers and a U-band downconverter.
These MMICs exhibited a high level of compactness and
reasonable performance. This technology promises cost
effective MMICs for millimeter-wave wireless applications.
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Fig. 3 Measured performance of 60-GHz 3D masterslice
MMIC amplifier.
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Fig. 4 Measured performance of 50-GHz 3D masterslice
MMIC amplifier.
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Fig. 5 U-band single-chip downconverter.
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Fig. 6 Measured performance of single-chip downconverter.
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