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Zero-IF TX  
DAC sampling rate = 2 Baud-rate

Low-IF TX  
DAC sampling rate = 4 Baud-rate

Replaced with 
multi-watt AWG
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Examples of Higher-Order Direct 
(De-)Modulation in RF/Analog Domain

Case Study 1
mm-Wave Bits-to-RF RF-8PSK Transmitter in 

CMOS

•
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Examples of Higher-Order Direct 
(De-)Modulation in RF/Analog Domain

Case Study 2
mm-Wave Bits-to-RF High-Order QAM 

Transmitters Using 1-bit Digital-to-Analog 
Interface Enabling 20+ Gbps Data Rate
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Examples of Higher-Order Direct 
(De-)Modulation in RF/Analog Domain

Example 2
mm-Wave RF-to-Bits Multi-Phase RF-

Correlation-Based Direct-Demodulation   
8PSK Receiver

Ph.D. Researchers: Hossein Mohammadnezhad, Huan Wang 
•

IEEE Custom Integrated Circuits Conference (CICC)
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Multi-phase
RF-Correlation Baseband PAM-4RF 8PSK

S1 S2 S3 S4 S5 S6 S7 S8
LO 0° +0.92 +0.38 -0.38 -0.92 -0.92 -0.38 +0.38 +0.92

LO 45° +0.92 +0.92 +0.38 -0.38 -0.92 -0.92 -0.38 +0.38
LO 135° -0.38 +0.38 +0.92 +0.92 +0.38 -0.38 -0.92 -0.92
LO 90° +0.38 +0.92 +0.92 +0.38 -0.38 -0.92 -0.92 -0.38

S1 S2 S3 S4 S5 S6 S7 S8
B2 1 1 0 0 0 0 1 1
B0 1 0 0 1 1 0 0 2
B1 1 1 1 1 0 0 0 0

Correlation Values
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This Work ISSCC 2014
Okada

JSSC 2015
Thyagarajan

JSSC 2015
Thyagarajan

ISSCC 2017
Dolatsha

Modulation 8PSK QPSK QPSK BPSK OOK

Demodulator Multi-Phase RF-
Correlator

Quadrature 
Zero-IF

Quadrature 
Zero-IF

Quadrature 
Zero-IF

Envelope 
Detector

Frequency (GHz) 125 60 240 240 130
Data-Rate (Gbps) 36 14.08 16 9 11.5

BER 1e-06 1e-03 1e-04 1e-05 1e-06
Gain (dB) 32 30 25 25 NA

Wireless Distance 
(cm) 30* 90 2 2 50

Power Dissipation 
(mW) 200.25 220 260 260 24**

Energy Efficiency 
(pJ/bit) 5.56 15.63 16.25 28.9 2.08**

Technology 55nm SiGe BiCMOS 65nm CMOS 65nm CMOS 65nm CMOS 55nm SiGe 
BiCMOS
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Frank Schwierz; Nature 
Nanotechnology 5, 487–496 (2010)


