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Radio frequency switch-mode power amplifier technology
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Abstract: Focusing on the application requirements on high-efficiency radio frequency power
amplifier in wireless communication system, the studies and applications of radio frequency Switch-Mode
Power Amplifier(SMPA) technology are surveyed. The application characteristics of SMPA under different
structures are also compared. By using the multi-bit Band-Pass Delta—Sigma Modulator(BPDSM) and
multi-level SMPA, a novel full-digital transmitter structure based on Voltage-Mode Class-D(VMCD) power
amplifier is proposed. And the full-digital transmitter is implemented based on the Field Programmable
Gate Array(FPGA) and lump components. The hardware measurement results show that the transmitter
achieves a power efficiency greater than 60% around an average output power of 15.2 W in 30-88 MHz
frequency.
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Tablel Typical applications of RF switch-mode PAs

type reference technology frequency/GHz _ output power/dBm PAE/% input signal
[13] 800nm CMOS,Uy=2.5V 0.8-0.9 30 42 one-tone
VMCD [14] 180 nm CMOS,Uyq=2V 0.8 15 33 QPSK(PAR/5.5 dB)
[15] 45 nm CMOS,Uy=1.2V 2.4 26 27 OFDM(PAR/8.2 dB)
[7] GaAs MESFET,Uy=3 V 0.9 24.6/29.4 76.3/71.3 one-tone
CMCD [8] LDMOS,U4g=NA 1.0 41 58 one-tone
[16] 65 nm CMOS,Ug=1 V 2.25 14 18 OFDM(BW/20 MHz)
[21] GaAs MESFET,Uy =8V 5.0 28 72 one-tone
E-class [22] 65 nm CMOS,Uy=4.8V 0.8/2.0 30 70/60 one-tone
[23] GaN HEMT, Uy, =24V 2.14 41 68 one-tone
[24] Silicon BJT,U44=5.5V 2.4 19 28 OFDM(BW/20 MHz)
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Table2 Feature comparison of RF SMPAs

type circuit feature output capability operating frequency signal type configurability
VMCD push—pull type high low complex modulation high
CMCD push—pull type high medium constant envelope low

E-class single-ended low high constant envelope low
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Table4 System performance of full-digital transmitter

. o spur/dBc . .
frequency/MHz ~ output power/W efficiency/% nband  ouiband intermodulation/dBc
30 15.7 73.1 57.4 80.2 46.5
45 14.8 69.6 58.4 85.9 50.1 —
60 14.8 66.9 574 80.1 57.1 (b) filter output
75 143 66.4 57.0 82.1 49.2 . . .
85 145 64.8 596 792 47.6 Fig.7 Signal spectra for one—ton@\mput
88 16.8 62.7 59.1 81.6 482 7 BT R E S
average 15.2 67.3 58.2 81.5 49.8
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Fig.8 Signal spectrum for two-tone input

b, BHIFEM T —FET VMCD W &8 T K ELLEH . TR 45 8 R AT 2
WERH, RXEGBYLIRE T BRI LT 6E
S Z 3 Hk:

[1] BAXANDALL P J. Transistor sine-wave LC oscillators. Some general considerations and new developments[J]. Proceedings

of the IEE-Part B:Electronic and Communication Engineering, 1959,106(16):748-758.

[2] CHUDOBIAK W J,PAGE D F. Frequency and power limitations of Class-D transistor amplifiers[J]. IEEE Journal of Solid-

State Circuits, 1969,4(1):25-37.
[3] EWING G D. High-efficiency radio-frequency power amplifiers[]J]. Transistor Amplifiers, 1964.

[4] SOKAL N O,SOKAL A D. Class E-A new class of high-efficiency tuned single-ended switching power amplifiers[J]. IEEE

Journal of Solid-State Circuits, 1975,10(3):168-176.

[5] YOO SM,WALLING J S,WOO E C,et al. A switched-capacitor RF power amplifier]J]. IEEE Journal of Solid-State Circuits,

2011,46(12):2977-2987.

[6] RAABF H. Radio Frequency pulsewidth modulation[]J]. Communications IEEE Transactions on, 1973,21(8):958-966.
[71 KOBAYASHI H,HINRICHS J M,ASBECK P M. Current-mode Class-D power amplifiers for high-efficiency RF applications[J].

IEEE Transactions on Microwave Theory & Techniques, 2001,49(12):2480-2485.

[8] LONG A,YAO J,LONG S1. A 13 W current mode Class D high efficiency 1 GHz power amplifier[C]// Midwest Symposium

on Circuits and Systems. Tulsa,OK,USA:IEEE, 2002:1-33-6.

[9] STAPLETON S P. Class-S power amplifier for RF systems using bandpass delta—sigma modulator[C]//TEEE Custom Integrated

Circuits Conference. San Diego,CA,USA:IEEE, 1996:121-124.



268 AMZBMFERFRERFER W17 %

[10] JAYARAMAN A,CHEN P F,HANINGTON G,et al. Linear high-efficiency microwave power amplifiers using bandpass
delta—sigma modulators[J]. Microwave & Guided Wave Letters IEEE, 1998,8(3):121-123.

[11] JOHNSON T,SOBOT R,STAPLETON S. CMOS RF Class-D power amplifier with bandpass sigma—delta modulation[]J].
Microelectronics Journal, 2007,38(3):439-446.

[12] WAGH P,MIDYA P,RAKERS P,et al. An all-digital universal RF transmitter CMOS RF modulator and PA[C]// Proceedings of
the IEEE 2004 Custom Integrated Circuits Conference. Orlando,FL,USA:IEEE, 2004:549-552.

[13] SU D,MCFARLAND W. A 2.5 V,1 W monolithic CMOS RF power amplifier[C]// Proceedings of the IEEE 1997 Custom
Integrated Circuits Conference. Santa Clara,CA,USA:IEEE, 1997:189-192.

[14] HUNG T P,RODE J,LARSON L E,et al. Design of H-Bridge Class-D power amplifiers for digital pulse modulation transmitters|J].
IEEE Transactions on Microwave Theory & Techniques, 2007,55(12):2845-2855.

[15] HEZAR R,DING L.BANERJEE A.,etal. A PWM based fully integrated digital transmitter/PA for WLAN and LTE applications[J].
IEEE Journal of Solid-State Circuits, 2015,50(5):1117-1125.

[16] CHOWDHURY D,YE L,ALON E.et al. An efficient mixed-signal 2.4 GHz polar power amplifier in 65 nm CMOS technology[J].
IEEE Journal of Solid-State Circuits, 2011,46(8):1796-18009.

[17] RAAB F H. Idealized operation of the Class E tuned power amplifier[J]. IEEE Transactions on Circuits & Systems, 1977,
24(12):725-735.

[18] KAZIMIERCZUK M K,PUCZKO K. Exact analysis of Class E tuned power amplifier at any Q and switch duty cycle[]].
IEEE Transactions on Circuits & Systems, 1987,34(2):149-159.

[19] LIC H,YAM Y O. Maximum frequency and optimum performance of Class E power amplifiers[J]. IEEE Proceedings-Circuits,
Devices and Systems, 1994,141(3):174-184.

[20] SOWLATI T,SALAMA C A T,SITCH J,et al. Low voltage, high efficiency GaAs Class E power amplifiers for wireless
transmitters[J]. IEEE Journal of Solid-State Circuits, 1995,30(10):1074-1080.

[21] MADER T B,BRYERTON E W,MARKOVIC M,et al. Switched-mode high-efficiency microwave power amplifiers in a free-
space power-combiner array[J]. IEEE Transactions on Microwave Theory & Techniques, 1998,46(10):1391-1398.

[22] APOSTOLIDOU M,HEIJDEN M P V D,LEENAERTSD M W,et al. A 65 nm CMOS 30 dBm Class-E RF power amplifier
with 60% power added efficiency[C]// Radio Frequency Integrated Circuits Symposium. Atlanta,GA,USA:IEEE, 2008:
141-144.

[23] GREBENNIKOV A. High-efficiency Class-E power amplifier with shunt capacitance and shunt filter]J]. IEEE Transactions on
Circuits & Systems I Regular Papers, 2016,63(1):12-22.

[24] WANG F,KIMBALL D F,POPP J D,et al. An improved power-added efficiency 19 dBm hybrid envelope elimination and
restoration power amplifier for 802.11g WLAN applications[J]. IEEE Transactions on Microwave Theory & Techniques,
2006,54(12):4086-4099.

[25]  Jel s BREDE, R . 2T RE-PWM AYE 33l B8 BR 7 T6 [J]. Kb 254 =% 5 L £ 54l 2017,15(5):828-833.
(ZHOU Qiang,CHEN Jianbin,ZHU Lei. An active harmonic elimination method based on multi-level RF-PWM for constant
envelope signal[J]. Journal of Terahertz Science and Electronic Information Technology, 2017,15(5):828-833.)

[26] SILVA N V,OLIVEIRA A S R,GUSTAVSSON U,et al. A novel all-digital multichannel multimode RF transmitter using delta—
sigma modulation[]J]. IEEE Microwave & Wireless Components Letters, 2012,22(3):156-158.

[27] R RS, EE. T 2 LRl A Y IR a0 S S T )] T ER R A, 2013,39(8):102-105. (ZHU Lei,
ZHOU Qiang,TAN Xiao. RF digital power amplifier utilizing multi-bit bandpass delta sigma modulator[J]. Application of
Electronic Technique, 2013,39(8):102-105.)

EZEE T

BREIIE(1986-), ¥, WAEHRLAETA, 7E K H1983-), L, WA EENA, W
B RO AR, TR, W5 1 T P B 3 [ A 83 0 A I RS e e B2 D
4 SEIE L BT R AR AL N TG & L S, T B B
\.:) A .email:04dzjscjb@163.com.
-~ A, ® L(1984-), K, KEWA, Hit, T

Gy [T - 0 iy i o B e Y Gy N B R =
A E(1980-), HB, wPHA, M4, ERTEN, ¥ RREUREE S

ST 1) R AR L BT S R AR A AR AL



