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Design Challenges
¸ Scare spectrum resources and higher data rate: OFDM and higher-

order QAM modulation (OFDM &1024QAM: >10dB PAPR)

¸ High output power for large link distance & wide range of Pout

¸ High peak/PBO efficiency for battery life and thermal management

¸ Compact and high integration for low cost

Output 
Power

Energy 
Efficiency

Carrier 
Frequency

Cost & 
Reliability

Data 
Rate

Linearity



2022 TheWorkshop of IC Advances in China (ICAC)                         Yun Yin, Fudan University 4 of 39

Scaling-Friendly Digital RF

ÅDigital TX

+ Conventional TX sub blocks 

(DAC, filter, Mixer, DA & PA) in a 

single block

+ Flexibility, MIMO & multi-standard 

TXs, Digital calibration

+ Small area, high efficiency

+ Compatible with CMOS scaling

ïQuantization noise and sampling 

images
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Digital quadrature TX

Digital Polar & Quadrature TXs
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+ High Pout, high ɖ

ïBW expansion highly-linear phase 

modulator

+ Wide BW; no CORDIC, phase 

modulator or AM-PM alignment

ïI/Q combination limits Pout and ɖ
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Efficiency-Enhanced DPAs
Dual-Band Polar DPA 

with 6dB PBO ɖboost

Wideband Polar DPA 

with 0-18dB PBO ɖboost
Polar/quadrature dual-

mode reconfigurable DPA

Quadrature DPA with 

complex-domain ɖboost 
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IQ Sharing (1/2)
[Yuan JSSCô16]

Output: 8 + j8 Output: -6 + j1 Output: -2 ïj4

Conventional quadrature: 

I PA cells can only be at state I, Q PA cells can only be at state Q

LOQP LOIP LOQP LOIN LOQN LOIN
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[JinJSSCô17]
IQ Sharing (2/2)

IQ time sharing
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Transformer-based Load Modulation (1/3)
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Transformer-based: 3 efficiency peaks in one quadrant

Efficiency (%)
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Transformer-based Load Modulation (2/3)

[Yin JSSCô19]
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Transformer-based: 8 efficiency peaks in the I/Q complex plane
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Transformer-based Load Modulation (3/3)
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