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• Modern wireless data communication requires flexible transmitter 
architectures for multi-rate, multi-band signals.

• Possible to implement both baseband and RF using digital CMOS 
circuits. 

• For R&D and small-volume products, this may be in the form of 
high-performance Field Programmable Gate Arrays, FPGAs.

• Modulation techniques, such M-QAM and OFDM, generate 
signals with non-constant amplitudes of wide range.

• To improve transmitter high efficiency, switch-mode PAs (SMPAs) 
has gained popularity, but use constant amplitude (on/off). 

• We need special transmitter architectures to include the amplitude 
information.
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• Outphasing: two constant-envelop signals with varying phase 
difference.

• Issues: Amplification paths mismatch, combiner implementation.
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• RF-PWM: pulse-train with varying duty cycle at RF.

• Issues: Small dynamic range at high carrier frequency.
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• Polar PWM: amplitude PWM at IF, phase-shifted carrier
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• Polar PWM issues: image distortion
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• Polar PWM issues: image distortion enhanced by non-linear SMPA
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An All-Digital Polar PWM Transmitter
�11

• ”Modified Digital PWM” (MD-PWM)
• Combines digital PWM and outphasing

• Increased efficiency (SMPAs)
• Outphasing eliminates image and alias distortion => 

improved ACLR and EVM compared to a D-PWMT.
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FPGA implementation
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• Intel/Altera Stratix IV GT FPGA with integrated 11.3 Gbps TRXs.
• PWM + high speed multipliers: FPGA core logic.
• PPM: FPGA core logic + TRX.
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Simulation results
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• Circuit simulations using Cadence SpectreRF and Keysight ADS, 
130 nm PDK.

• LTE 20 MHz uplink signal, PWM freq = 64 MHz, different phase 
resolutions.
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�17

• LTE 20 MHz uplink signal
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130 nm class-D PAs, area 0.6 mm2

Measurement setup: FPGA, PAs
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Measurement results
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Summary and conclusions
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• All-digital PWM with improved dynamic range, combining 
PWM, outphasing, and switch-mode PAs, has been 
presented.

• Amplitude: digital PWM. 
• Phase: digital PPM of carrier frequency + quant error.
• Two PAs => needs combiner (space, losses).
• Measurement results, 20 MHz LTE uplink:

• 6.3 dBc improved ACLR compared to D-PWM.
• No aliasing or image distortion => improved EVM.
• Somewhat reduced efficiency (1-2 %, combiner)



www.liu.se

Thanks for your attention!
Questions?


