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Design of a 28 GHz 1/Q Modulator and a Single-Sideband Mixer

Student: Geng-Sheng, Wei Advisor: Dr. Jeng-Han, Tsai

Department of Electrical Engineering

National Taiwan Normal University

ABSTRACT

As the progress of the fifth-generation mobile communication technology,
millimeter wave transceivers play an important role, the transmitters need to
up-convert the baseband signal to the millimeter wave frequency band and then
perform wireless transmission through a phased array antenna design. Therefore,
modulators and mixers become indispensable components. Recently, thanks to
advances in Complementary Metal Oxide Semiconductor (CMOS) process. The
modern CMOS process has the advantages of low power consumption, low cost and
high integration, and it is suitable for the implementation of the RF circuits. In this
thesis, a 28 GHz I/Q Modulator and a Single-Sideband Mixer (SSB Mixer) are
presented, and implemented in TSMC 90-nm CMOS RF technology and TSMC
65-nm CMOS RF technology, respectively.

The first circuit is a 28 GHz I/Q modulator, which eliminates the image signal
by applying I/Q modulation signals into two mixers, and achieves a wide-band
image rejection ratio by adding matching network. The characteristics of

measurement and simulation have good agreement. When the gate bias is 0.35 V and



LO drive power is 3 dBm, the conversion gain is -9.4 = 0.5 dB from 25 to 32 GHz
with the image rejection ratio of -30 dBc. The chip size is 730 um % 700 pm.

Second, a 28 GHz SSB Mixer has designed and implemented. By applying
quadrature signals into two mixers, the two output signals with 180° phase
difference are combined to achieve the image suppression function. However, the
LO matching capacitor is sensitive to the process variation. Therefore, the SSB
Mixer frequency shifted. When the gate bias is 0.35 V and LO drive power is 3 dBm,
the conversion gain is -22.5 = 0.5 dB from 23 to 28 GHz with the image rejection

ratio of -30 dBc. The chip size is 755 pm % 730 pm.

Keywords: Complementary Metal Oxide Semiconductor (CMOS), I/Q Modulator,

Single-Sideband Mixer (SSB Mixer), Image Rejection Ratio (IRR)
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