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ABSTRACT

Recently, the demand of BLE/ZigBee IoT MCU is highly increased for low power sensor network
realization. In this paper, a low power and low cost BLE/ZigBee RF transceiver is studied with careful
review of Bluetooth 5.0 core specification for BLE and IEEE 802.15.4 ZigBee specification. For the
receiver side, a low-IF architecture with digital filtering and high ADC dynamic range is used to
eliminate the analog filter to achieve both of small size and low power consumption simultaneously.
Thanks to the inherent characteristics of a low-IF receiver, the proposed architecture also has the merits
of high performance because of no signal loss due to DC offset removal filter and no flicker noise. For
the transmitter side, a direct frequency modulation based on two point modulation and gain and phase
mismatch calibration is proposed also for low power consumption. Moreover, 5bit binary-weighted
inverse class-F power amplifier is proposed because the inverse class-F power amplifier shows greatly
improved power efficiency even better than that of the class-F power amplifier. The 5bit
binary-weighting is used for maximum transmit output power control as well as transmitter ramping for
on-to-off and off-to-on transition. To meet FCC spurious emission regulation, on-chip and off-chip LC
filtering and LO duty ratio control to suppress 3" harmonic and 2" harmonic, respectively. Finally, this
paper presents the power architecture, which can support battery operation and solid power supply
operation for best power efficiency and BOM cost optimization.

© 2020 KKITS All rights reserved

KEYWORDS: BLE, ZigBee, ISM band, IoT, MCU, RF trasceiver, low-IF, direct frequency modulation,
two point modulation, low power design, small size design, low cost design, power
architecture, buck converter

ARTICLE INFO: Received 14 November 2019, Revised 24 December 2019, Accepted 7 February 2020.

‘Corresponding author is with the Department of 31533, KOREA.
Semiconductor & Display, Korea Polytechnics, #45 E-mail address: jihakjung@kopo.ac.kr
Haengmok-Ro  Shinchang-Myun, Asan-city, Chungnam,



Journal of Knowledge Information Technology and Systems(JKITS), Vol. 15, No. 1, pp. 47-56, February 2020

1. Al &
H AHE AEYl (Internet of Things, loT)el of
g a7t FFHA Y AE B B39

&)

AFol SAEIL At Ae AEUS Z4F A=
Axe} A 715 WAastd AUl dAZAs =
71&2A 1 Agske FA FA 7€ wet LTE
(Long-Term Evolution) 2&d &4l 7]%ke] NB-loT
(Narrow Band IoT)®} Wi-Fi 9 Bluetooth 5¢
A FA B2 (Wireless Connectivity) 7]4F2]
T AFTe=E A FE"t. 1 F BLE
(Bluetooth Low Energy)e} IEEE 802.15.4 ZigBee
718k} oT AFE 7 A Aol AFste AA
g FA Al Ve dY ARVE ug @2
AHE Holn, olgjdt FHOE s AE
AgAA 7HE FEEE AFTe] HAUuY 59
24 GHz ISM (Industry-Science-Medical) 8 IEEE
802.15.42] 7% 0-QPSK (Offset Quadrature Phase
Shift Keying) Wz WAl& Apgstel BLES| GFSK
(Gaussian frequency-shift keying) Wz} 3744
2 RF A&7} constant envelope E4< 7FA st
9] RF transceivers o|-g-3to] BLE ¥ ZigBeeES $4|
Adste Ao 7bed EAE 7ML Aot [1-2]

2 =dAe H2 ARY AAM vEQ A FA4S
A3l M g FHEE T AXY BLE/ZigBee
RF transceiver 78-& 9|3, BLE ¢} ZigBee <] RF
A g AEE APt A4F RF 42 T
ZA717] Y3k HZ 9| RF transceiver architecture
9 calibration 7]l gt AFE APt =
IoT MCU (Micro-Controller Unit)oll RF transceiver
7t AR TS £ e 1Y FF A~
glo] px digital 2202 WAsE #eo Ay
A, ¥ ESD &7 #49 g AEE Y3},
O ARE ug o2 HZA 9| RF transceiver T2&
A k3t Tt

TN
o

m
of

r

= AL o33 2o A 2-1% dAE
AAY 1A% BLE/ZigBee RF A7) 20 s
ARy, 224 A HY Z& MAE AS
inverse class-F A9 F%7]¢} direct frequency
modulation $4171¢] tfs] AHET 2-3% A=
kg A AvgedA Ag 283 14 v &
HA7 7hed A Fxo de dHE T, np
Aeto g A 3 A= AL Ve

R

)

2. BLE/ZigBee RF 2 power architecture
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Figure 1. BLE/ZigBee loT MCU RF transceiver architecture
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¥ 1. BLE/ZigBee 5°417] RF/PHY specification
Table 1. BLE/ZigBee reciever RF/PHY specification
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2.2 BLE/ZigBee %41”7] architecture

¥ 2. BLE/ZigBee 4-417] RF/PHY specification
Table 2. BLE/ZigBee transmitter RF/PHY specification
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1% 2. BLE/ZigBee loT MCU € power architecture
Figure 2. BLE/ZigBee loT MCU power architecture
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