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E-band wireless communication systems are expected to be used for fiber extension in the fixed network in order to support
internet data transmission increased by the introduction of 3G/4G, LTE (Long Term Evolution), and other mobile backhaul services.
The E-band communication system works in the 71-76 GHz and 81-86 GHz bands, enabling high data rate transmission of 10
Gbit/s or more. This system requires power amplifiers of an output power of 0.5 W (27 dBm) or higher to transmit high-order
modulation signals over a long distance. This report introduces an E-band 1 W (30 dBm) class amplifier MMIC (monolithic
microwave integrated circuit) incorporating a stabilization design and GaAs PHEMT (pseudomorphic-high-electron-mobility-
transistor) technology.

Keywords: E-band radio communication system, High-power amplifier, MMIC, and 5G

1. Introduction

E-band wireless communication systems are expected
to be increasingly used for fiber extension in fixed
networks in order to support internet data transmission
increased by the introduction of the third and fourth gener-
ation (3G/4G) of wireless mobile telecommunications tech-
nology, Long Term Evolution (LTE), and other mobile
backhaul services.® In addition, many companies are
developing 5th Generation (5G) wireless communication
technologies with the frequency bands assigned to commu-
nications with millimeter wave frequencies (30-90 GHz).
This E band is also one of the frequency candidates. The
E-band communication system works in the 71-76 GHz
and 81-86 GHz bands, enabling high data rate transmission
of 10 Gbit/s or more. This system requires power ampli-
fiers of an output power of 0.5 W (27 dBm) or higher to
transmit high-order modulation signals over a long
distance. . , .

This paper introduces an E-band 1 W class amplifier Fie 1 Ez; ;]1;2 gﬁﬁ‘;ﬁﬁ‘;ﬁgﬂgﬁ;a"d
MMIC (monolithic microwave integrated circuit) incorpo-
rating a stabilization design and the GaAs PHEMT (pseu-
domorphic-high-electron-mobility-transistor technology)
of SEDI (Sumitomo Electric Device Innovations, Inc.).
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2. Design of Unit Amplifiers
RFou

Figure 1 shows photos of the unit amplifiers. The o~
sizes of these amplifiers are 1/4 of the amplifier used for
the last stage of the MMIC. Verifying the characteristics
and stability of these unit amplifiers is important to achieve
the final MMIC properties. The tip size is 1.4 mm x 1.0
mm.

Figure 2 shows the circuit diagram of the unit ampli-
fiers. With the exception of the supply terminal, the circuit
is a vertically symmetric shape, with the line between
RF-in and RF-out terminals assuming the role as the axis
of symmetry.

As Fig. 2 shows, in the configuration in which the
amplifiers are connected in parallel, an oscillation in the
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Fig. 2. Circuit diagram of the unit amplifiers
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band may be caused due to odd mode excitation. To prevent
oscillation, optimized stub resistors are located in the FET
gate circuit on the RF-out side of this circuit. These resistors
and wiring suppress out-of-band oscillations.

Figure 3 is the simulation model, which incorporates
stub resistors, for checking stability. Figure 4 shows the
simulation results. The model is composed of serially
connected two stages of FETs and two parallel combined
FETs. FET1 is 200 um in size and FET2 is 400 um. The
wire connecting the FET2 gate is divided in the middle of
it to create Portl and Port2 terminals. For this model, the
stabilization conditions are represented by the following
formulas.®<®

Al =Mag (S21+ (S11*#S22)) / (1-S12)) <1 -eveeeeee @)
A2 = Angle (S21+ (S11¥822) / (1-S12)) = 2nlI - (2)
Al shows a loop gain, and A2 shows a phase. At

around 20 GHz where A2 becomes zero, Al is up to 1,
showing that this unit amplifier is stable.
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Fig. 3. Model simulating the stability of the unit amplifier
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Fig. 4. Simulation results of the stability of the unit amplifier

Figure 5 shows the small signal characteristics of this
unit amplifier and its frequency characteristics of the satu-
ration output power (Psat). Over a bandwidth from 81 to 86
GHz, the amplifier obtained a gain of 9 dB and a Psat of 24
dBm, exhibiting high output characteristics.
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Fig. 5. Small signal characteristics (a) and saturated output characteristics
(b) of the unit amplifier

3. 1 W-class Amplifier MMIC

Figure 6 shows a photo and block diagram of the
71-76 GHz band amplifier MMIC. The size of the chip is
3.0 mm x 3.9 mm. At the output part, four parallel
combined unit amplifiers are used. In front of them, ampli-
fiers for the driver are arranged in two series to obtain a
gain. A power detector circuit is inserted into the output
part of the amplifier MMIC and has the function of
detecting output power.

Figure 7 shows the small signal characteristics of the
amplifier MMIC. S21 lines, which show the gains of the
MMIC in the two frequency bands, reach and exceed 20
dB, while S11 and S22 lines, which show the input-output
reflectance properties, fall below -10 dB, exhibiting satis-
factory results.

Figure 8 shows the input-output power characteristics
and power added efficiency (PAE) characteristics of the
amplifier MMIC, and Fig. 9 shows the frequency charac-
teristics of the P1dB** and Psat. The amplifier MMIC
achieved a saturation power exceeding 28 dBm in each
band, a maximum output of 1 W at 71 GHz, and a PAE of
7% or more.
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Unit amplifier

Fig. 6. Photo and block diagram of the amplifier MMIC
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(b) 81-86 GHz band amplifier MMIC

Fig. 7. Small signal characteristics of the amplifier MMIC
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Fig. 8. Input-output power characteristics and PAE characteristics of the amplifier
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Fig. 9. Frequency characteristics of the P1dB and Psat of the amplifier

4. Conclusion

Sumitomo Electric Industries, Ltd. has developed an
E-band 1 W class amplifier MMIC (71-76 GHz and 81-86
GHz) to which the GaAs PHEMT technology of SEDI has
been applied and which incorporates a stabilization design.
At 71 GHz, the trial product of the amplifier MMIC
achieved a 28 dBm of P1dB and a saturation power of 30
dBm. Through the cooperation with SEDI, Sumitomo



Electric will continue expanding its lineup of millimeter-
wave band products.
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Technical Terms
Pseudomorphic-high-clectron-mobility-transistor
technology (PHEMT): This is a field-effect transistor
with a channel that is the two-dimensional electron
gas produced on the semiconductor heterojunction
interface. It excels in high frequency properties and
noise characteristics.

Monolithic microwave integrated circuit (MMIC): A
microwave circuit on which a monolithic semiconductor
is integrated.

P1dB: 1-dB gain compression point. This shows the
output level of the point at which the gain is reduced
by 1 dB from the ideal characteristics with a gain
straight line. The larger the P1dB value, the better the
linear line the amplifier can produce.
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