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Sub-Terahertz On-Chip Microstrip Patch Antenna in CMOS with
Metal Dummy Structures
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Abstract

This paper analyzes the effect of metal dummy structures in CMOS on antenna performances of a sub-terahertz on-chip microstrip
patch antenna. A 400-GHz on-chip antenna is designed in a 45-nm CMOS process, and the resonance frequency and efficiency of the
antenna are analyzed depending on the density of metal dummy structures. Antennas integrated with an oscillator are designed and
fabricated for verification, and measurements are performed using quasi-optical methods with an FTIR and bolometer. The measurement
results shows that the radiated power drops from 420 nW to 90 nW by 6.8 dB due to the dummy structures with the density of 27 %.
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Fig. 1. Cross-section of the on-chip antenna with dummy
structures.
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Fig. 2. 3D model of the on-chip microstrip patch antenna
with metal dummy structures.
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Fig. 4. Layout of on-chip antenna integrated with a 400-
GHz push-push oscillator.
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Fig. 5. Setup for the measurement of radiated power.
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Table 1. Performance comparison of sub-terahertz on-chip
antennas in CMOS.

Ref [8] Ref [9] |Ref [10]| This work
Slotted | Substrate in| Planar | Microstrip

Configuration loop | waveguide | dipole patch
Frequency(GHz) 240 460 540 407
Efficiency(%) 14 29.1 28 17

Gain(dBi) L5 0.09 133 =36

Technology 65 nm 65nm | 40 nm | 45 nm
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