Xin LIU, Guan-sheng LV, De-han Wang, Wen-hua Chen, Fadhel M. Ghannouchi,
2020. Energy-efficient power amplifiers and linearization techniques for massive
MIMO transmitters: a review. Frontiers of Information Technology & Electronic
Engineering, 21(1):72-96. https://doi.org/10.1631/FITEE.1900467

Energy-efficient power amplifiers and
linearization techniques for massive MIMO
transmitters: a review

Key words: Energy-efficient; Linearization; Massive multiple input

multiple output (MMIMO); Monolithic microwave inte-grated circuit (MMIC);
Power amplifier

Corresponding author: Wen-hua CHEN
E-mail: chenwh@tsinghua.edu.cn
ORCID: https://orcid.org/0000-0002-9542-8709



https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://orcid.org/0000-0002-9542-8709
https://doi.org/10.1631/FITEE.1900467

Motivation

 Highly efficient power amplifiers (PAs) and associated
linearization techniques have been developed to
accommodate the explosive growth in the data transmission
rate and application of massive multiple input multiple output
(mMIMO) systems.

« System- and circuit-level designers must propose sound
and implementable techniques and workarounds to maintain
acceptable performance for the mMIMO transmitters from
the energy efficiency and signal linearization perspectives.



Main idea

1. Highly efficient Doherty PA MMIC for 5G mMIMO
B Design of sub-6 GHz DPA with full, hybrid, and partial integration

B Design of mm-Wave DPA based on IlI-V semiconductors and the
Si-based process

2. PA linearization techniques for the mMIMO transmitter

W Digital predistortion in a fully digital, hybrid, and analog
beamforming based mMIMO system

B Circuit-level linearity enhancement techniques



1. Highly efficient Doherty PA MMIC for 5G mMIMO
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Typical PA specification

3.4-3.8 GHz/ 24.75-27.5 GHz/
4.8-5.0 GHz 37-42.5 GHz
ETE >200 MHz >800 MHz
>25 dBm (l1I-V)/
Average >40% >20%
eff.
ACPR <-45 dBc <-27.5 dBc
UM <5% (64QAM)/ <5% (64QAM)/
<3% (256QAM) <3% (256QAM)



Design of sub-6 GHz DPA

Fully integrated MMIC  Hybrid integrated MMIC Partially integrated MMIC

Vese  Vos

L } e } Iﬁw e
o el i de Tl T LR /S s et vk
%-‘;g' {%ﬁ L, Toall T %é h = :
ciil 1 REH T4l £211 : I——HT“—(
e 3 g2 L T8¢ ' |88 | :
= & L.l N _3 | R _ _____
- | GansiPD  2-StageMMIC _\'-\_  Gahs IPD é
< 2.49 mm > GaN o CesmEe LLELLE :
= 70 1 J ! i ! T i T 0 [ ——PAE of Asymm-PA on PCB == PAE of Symm-PA on PCB = 70 35
£ =0~ Small-signal gain —{— Peak Pout ES AL IO o ANV PRGREERT == e of s PASECE 725 I
% 60f —A~PAE @ Peak Pout —ili—P1dB » 80} o pae I )
o —&— PAE @ 6dB back-off u —e—Gain R
= 50} < st s 125
o =g ¥ » o
< 40 i -0 » g 3 40 5//8/ {20 3
g rf _.-—__r_ 20 .E V' E
. 30 —a % & 3} .}4{ *eete0etane,,. 415
£ W 4 .
8 20¢ o— : 20f / 110
§10----__\-'---{-) 1 » ol s
& 50515253545556 57 58 59 6.0 1 d6 44 2 0 8 6 4 2 0 2 22 24 26 28 30 32 34 36 38 40 42 44
Qutput Back-off [dB]
Frequency (GHz) Output Power (dBm)
A state-of-the-art DPA with a A hybrid MMI_C DPA: | Example: low-loss
6-dB back-off PAE up to area-consuming passive  surface-mounted off-
49 5% networks are implemented chip inductors are used

on IPDs in the same QFN to enhance the
package efficiency



Design of mm-Wave DPA

Based on llI-V semiconductor Based on the Si-based process
,,,,,,,,,,,,, Novel Combiner
Veom Voo, ma
Ly
Ay
E 256 pm
- C,
b I -------------------------------------------
" 256 um
Vaim
Matching
16 ' ' T 50
18 40 18 40
14 -~ {40
.............. . +35 =« =« Measurement at 46 GHz L35 \
N ' —— Simulation at 45 GHz
14+ 30 14 - 30 ~12 = = e e - - o= -— —_
% A 130 R
& 285 = Tt = \ S
: 3 c 107 \ L
c 10 20w - 10 F20 w = ] <
T < g ® 2 - \ 20 o
Q L5 0 1 AN o — 152 O gt /7 | —8— Meas. Gain |
6- 5 10 5 oA L 10 = = = =—8im. Gain - 110
- - - - Measurement at 29 GHz | 5 [ 6 _ - +Meas. PAE
—— Simulation at 28 GHz = = =Sim. PAE
2 - - - 0 2 : : : 0 4 : 0
10 14 18 2 26 10 14 18 22 26 5 10 15 20 25
Pout (dBm) Pout (dBm) Pout ( dBm)

The first demonstration of mm-Wave A 28 GHz DPA in CMOS SOl achieves
dual-band DPAs and its measurement the state-of-the-art performance with a

results low-loss combiner synthesis technique.



2. PA linearization techniques for the mMIMO transmitter

Digital predistortion technique Circuit-level linearity enhancement
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Conclusions

 To discuss the integrated Doherty PA MMIC in a 5G
massive MIMO system, different semiconductor processes
and architectures have been compared and analyzed.

 Digital predistortion, as the most commonly used PA
linearization technique, needs to evolve to be adapted to
massive MIMO systems.

« Some creative circuit-level linearity enhancement
techniques are needed to simultaneously improve the
compensation accuracy and reduce the power consumption.
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