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High-Linearity and High-Efficiency
Envelope-Tracking Front-End Module

BEHR

SEARTHIES

SEABEMTIES TEI fﬁ REESABERTESRIE

BEIEEEEILZENITUE - BE2001 FoAMNERRE

M ERLIR2004F R EIREME ST FRBRE - 133
FEARIASIERERENER - BEFIIEEERERIINEEE

{02 iTech

B R EEZ | SEXSEEETESHMER
B B EitE | SEXSEEITESHEMR
YR | SEXSEETESHMER
=2EY | EEXSFEEIEZMER

R

BRERTOIFENER  USEREWmMERE - FI
P %T%ﬂ‘@%)\ﬁﬂEﬂléfﬂ%ﬁu‘:uéfﬁﬂﬁﬂ&%%%ET? ° B
EBSSEREHEEX  FRAEENERREH » WEAELE
ERORMBIFERER - BRISCRM I D RMELER :
Sub-6GHZEEEZ KK I FIZEIRATRMERFTESub-6GHZ A 1
UMEZ: 1 BHEHEE 27 RBIAZZEIRETE 3.8
BERERNR 4 EREESESINERTENRFREM
BWHmE -

(EiR5TERTIH R RIIA R EFRAEN - HIEERER
RRIIERMCR  FILAEESIEMAROME » 2
BEREIEELATSHEE - LA » HRSGEFARYFEZTST
BT EBEM - RS TEEN024-QAMAIFASREE - B
BIAVIERGIRIER » RItHERBRAIFRRE » DR

sE B ELMIBERAVASR » AN/S T SGHISBRIIMEBIRERETHIER
ZE -

AERRED T —HEEMSBRIREE (ETFEM) - &3
BEHEM - TERES T IDRMAFAVEER » LURGISER
IMRAERVIRITE - BEREEHA—EI2EHRE - B1REI)
KWAe: ~ URETEEFHBAEN - HRRMARNEIEE
Het=iE - FARSERVERIE IR RS  Em LR A R T iB i a3
B - IRIENABRNEZFRRRK BEE AT BHARTEN
MAZEEH L » WEKEBIERMASZNFE2OREESEEER
TEEVRAEEANR - LA > RIEBKES m‘*mmﬁmﬂ
EADETFLLERES o THEH LB ERISHIR I E NSRS ATE ARV E
HELLBRBEER - BEftERINEBRE HI%“JIE%T“%UEEJ&

- BEINBRFERVERARABONER - HRR
ERRBESMMEEEINEIRERFATEM AR HEFELL B
FRITIAZREV G L RPTE LM RECR KD - TJLURHE
RERIIRRARATREK -

@ 2018 HRESHE L SR EE A AR

ASERIREAN T B IEE - EREBIIERI AL ~ A
RETIEERFRREDBIATSMC 0.18 um CMOSEIE ~ TSMC
3P6M  SiGe BICMOS®#2 » ARTSMC 1P8M 0.13-um
CMOSHIZERUE - AREFTHERERE—EBRAREESIF
MESVERITE-ASKERSER (1X20, 2X20, 3X20, and
4X20 MHz) RVEIEEHSHERTIRIEE - FEBHHEEATIR
MK S EBITREIITNELET 4-, 9.6-, 11.2-, LUK 12.3-
dBAY16-QAM LTE-A 1X20, 2% 20, 3><20, i 4><20 MHz48
ENERREFIEIES 79.6%, 76.4%, 74%,LAK72.8% HIT
Ko %DJQE%DJXH&IK 2HSIGe BICMOSHIZRUE » #F
SR EBHHEMRBELTE-A 16-QAM 1X20, 2X20, &3X20
MHz $EER1.95 GHzT » S lERER O EHEMEER
MIUELL (Adjacent Channel Leakage Ratio, ACLR) 11.7,
7.9, AR 4.7 dB; WiEHOWZERE=QEEE (Error Vector
Magnitude, EVM) 7.1%, 6.1%, K4.1% IR 26.8-, 24.3-, &
21.7-dBmF I E IR - B EEFEREE S HEBHIE
B T12-dBmF AN X T TIES0.3-dBEEINEX
EF ~ 1.1-dB ACLRINE » LIR0.7% EVMINE © 1£12.5-dB
PAPR 64-QAM LTE-A 4 X 20 MHzE KRS AEERT » 58
BHtEISERIIRIEMETE13.1-dBmE BTN ZEWZE T 1.3-dB ACLR
PR 1% EVM °

Envelope-Tracking Frontend Module (ETFEM)
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Withthe rapidly increasingdemands for high datarate and wide-
bandwidth wireless communications, two or more individual
component carriers of the same or different bandwidths
belonging to contiguous or noncontiguous frequency bands
are aggregated for the concurrent multichannel operation.
To meet the stringent requirements of the next-generation
wireless communication system, the multipower-mode
operation, high-isolation path selection, high efficiency, and
high-linearity characteristics are critical for the PA and switch
designs in the advanced RF FEM. The CMOS-based envelope-
tracking front-end module (ETFEM) consisting of an envelope-
tracking supply modulator (ETSM), a dual-power-mode power
amplifier (PA), and a single-pole double-throw (SPDT) switch
is proposed for the Long-Term Evolution-Advanced (LTE-A)
intraband carrier aggregation (CA) signal. To the best of our
knowledge, we are the first to present the wide-bandwidth and
high-linearity Envelope Tracking Front-End Module(ETFEM)
for the LTE-A intraband contiguous CA applications (1X20,
2X20,3 X 20, and 4 X 20 MHz). The linear stage of ETSM is
implemented by introducing the dual-path crossover current-
reuse mechanism to obtain the measured efficiency 79.6 %,
76.4%,74 %, and 72.8 % for 7.4-,9.6-, 11.2-, and 12.3-dB peak-
to-average-power ratio (PAPR) 16-QAM LTE-A CA signals
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Fig.2 High-linearity and high-efficiency envelope-tracking front-end module

with 1 X 20, 2 X 20, 3 X 20, and 4 X 20 MHz bandwidths,
respectively. A SiGe BICMOS dual-power-mode PA with two
output power modes is realized and incorporated with ETSM
to improve the adjacent channel leakage ratio (ACLR) by 11.7,
7.9, and 4.7 dB and the error vector magnitude (EVM) by 7.1%,
6.1%, and 4.1% at 26.8-, 24.3-, and 21.7-dBm output powers
for the LTE-A 16-QAM signals with 1 X 20, 2 X 20, and 3 X
20 MHz bandwidths at 1.95 GHz, respectively. The SPDT switch
integrated with ETSM provides 0.3-dB power loss reduction,
1.1-dB ACLR improvement, and 0.7% EVM enhancement at
12-dBm average input power. The ETFEM operated at 12.5-dB
PAPR 64-QAM LTE-A CA signal with 4 X 20 MHz bandwidth
demonstrates that the improvements of 1.3-dB ACLR and 1%
EVM at 13.1-dBm output power are achieved for the wide
bandwidth and high-linearity FEM applications. The proposed
technique demonstrates the effectiveness of the ETFEM with
high linearity, wide bandwidth, and high efficiency for the next-
generation wireless devices with faster data rate and longer
power life.
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Fig.3 Chip microphotograph of the presented wideband ETPS (up left),
SPDT CMOS switch (up right), and dual-power-mode PA (bottom)
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