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1. Introduction

Nowadays, HEMT transistors with ALGaN/GaN semiconductor technology are widely used in the design of
power amplifiers [1]. High breakdown voltage, high-speed, high-power density, and high efficiency are the most
basic advantages of HEMTs, which make them a suitable option for designing high-power amplifiers [2]. Many
studies have been conducted on GaN HEMT MMICs [3].

The X-band is one of the most common frequency bands for transmitting satellite images. Therefore, designing a
transmitter with high power efficiency is very important due to the power consumption limitation. Many papers
have studied GaN-based MMIC power amplifiers [4]. Amplifiers based on this technology have greatly
contributed to reducing the size and complexity of the amplifier module while improving efficiency in space
communication systems [5]. In this paper, a two-stage MMIC class AB power amplifier with an efficiency of 37%
using a 500nm GaN HEMT is designed for the transmitter of a remote sensing satellite to transmit images. The
proposed amplifier has an output power of 49.84 dBm with a gain of 23.9 dB at a center frequency of 10.95 GHz
with a radio bandwidth of 500 MHz.

2. Proposed manufacturing technology

In this article, the manufacturing technology and PDK process specifications manufactured by NRC Canada have
been used, which have a minimum gate length of 500 nm for GaN HEMT. The breakdown voltage for this
technology is about 100 V, and the maximum operating frequency is 60 GHz. Also, the power density of 5 w/mm?2
is achievable according to the substrate structure, and the capacitor used on the chip is MIM with a capacitance
density of 20.19 fF/um2. The resistor on the chip used in this technology is nichrome with a resistivity of 50 Q/sq.
The proposed drain-source bias voltage is 40 V, and the gate-source bias voltage can vary from -8 to +2 V [6].

3. MMIC Amplifier Design

A two-stage class AB power amplifier is designed, which includes a driver and an amplifier stage. The driver
consists of four transistors with dimensions of 8x70 pum, and the amplifier consists of four amplifiers with six
transistors of 8x70 um, which are connected in parallel to improve the drain-source current and high-power output.

Figure I shows the characteristics of the designed power amplifier. Also, the specification is briefly explained in
Table 1.

30
L i [ e I O A T 20
= 40— :
S M / 10—
4 20 I m
A ! T o
i ! £
% 20—- : 3 . 4
-] | =1
L 10 i 4
- |
i 20
ol i : 20
] ! 1
A~ e 1 | T L
-30 20 -10 0 10 20 28 40 0 2 4 6 8 10 12 14 16
Pin (dBm) frequency (GHz)
(a) Designed power amplifier P, and PAE (b) Gain of the power amplifier
1.2 A 60E5 7 35
] a g T 1 [
1.0 ™ | 50E5 F
A ! 6 30
- (I i I‘l --- Bl || ] : | -
0.8 ! ‘\ ,f |l |-4.0E5 - — Msource [
1 .—@ | ’f i 8 o ——— Micad [os
0.6— ~ | —3.0E5 g T r )
HEREAN s ] = g4 \ P2
/ \ J \ 3 \ Foo =
0.4 ] S / l | 2085 == { =
!I N ll /,' 3 ‘
s / [ P 1 \
— 4 - I—1.0E5 ; A 15
\ A 2 \ 5
N [ L y; N e
4 o e
0.0—— - - - - . 00 —~— -~ =
) i ! ! o 1 " 16 L P A Y R PO T L
0 2 4 6 8 10 12 14 16
frequency (GHz)

frequency (GHz)
(c) Rollet’s stability factor (d) Geometric Stability factor



R. Narimani, V. Talebzadeh, and V. Farhadi: High Efficiency X-band MMIC Power... 3

60

40— A A

20—

0—

20—

— AM/AM

f
—— AMPM y 40—
!

B T s B S e s L

ST | RERIAZAE Y2 B PV [ 2B 10.84 10.86 10.88 1090 10.92 10.94 10.96 10.98 11.00 11.02 11.04 11.06
30 20 10 0 10 20 30 40

Pin (dBm) frequency (GHz)

(e) AM/AM and AM/PM (f) IMD in 36MHz Channel
Figure I. Characteristics of the designed power amplifier

Table 1. Specification of the power amplifier

Specification Value

Frequency X band (10.95 GHz)

PAE 37% @ Pin=28 dBm
Output power P1dB 49.84 dBm @ Pin=28 dBm
Small signal gain 23.97 dB @ 10.95 GHz
IMD3 -23.5 dBc @ Pin=22 dBm
AM/PM -4.0 deg/dB

AM/AM 1 dB/dB

4. Conclusion

In this paper, a two-stage MMIC power amplifier with an efficiency of 37% using a 500nm GaN HEMT has been
designed for the transmitter of a remote sensing satellite. In the design of the power amplifier, maintaining a
balance between the parameters of output power, gain, and linearity of the amplifier is important and determines
the design path. As the linear output power increases, the efficiency of the amplifier decreases. Comparing the
characteristics of the designed power amplifier with other similar examples shows higher output power and gain,
which is confirmed by the FOM parameter.
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Table 1. Specification of the power amplifier

Specification Value

Frequency X band (10.95 GHz)

PAE 37% @ Pin=28 dBm
Output power P1dB 49.84 dBm @ Pin=28 dBm
Small signal gain 23.97 dB @ 10.95 GHz
IMD3 -23.5 dBc @ Pin=22 dBm
AM/PM -4.0 deg/dB

AM/AM 1 dB/dB
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Table 2. Comparison of several power amplifiers

g‘;‘;‘{g‘f“cy Technology 2;;‘)‘ Vd (V) ((1;]‘;‘;:) l():;'])': FOM Ref.
10GHz GaN MMIC 204 20 40 55 98 [3]
X Band GaN MMIC 14 21 364 57 88 [4]
9.5-10.5 GHz GaN MMIC 8 32 4255 50 88 5]
9.8 GHz GaN MMIC 12 30 34.77 71 85.6 [6]
X Band GaN MMIC 1 30 47 50 95 7]
10.95 GHz GaN MMIC 239 40 49.84 37 110.2 here
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