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Design of Metal-Oxide-Metal Capacitors in a 65-nm CMOS Process
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Abstract

Three types of metal - oxide - metal capacitors fabricated in a 65-nm CMOS process are compared. The HPP structure utilizing only
the vertical electric field exhibits a higher capacitance density of 0.2, 0.64, and 0.76 fF/zm® as the number of stacked metal layers
increase to four, six, and eight, respectively. The VPP structure, which utilizes only the horizontal electric field, exhibits a relatively small
capacitance density of 0.27 fF/ znr. In contrast, the PW structure using the vertical and horizontal electric fields exhibits the highest
capacitance density of 0.88 fF/m’. In the given CMOS process, it is observed that the HPP structure with many metal layers and
the PW structure are advantageous at millimeter-wave frequencies, offering a suitable replacement for metal - insulator - metal capacitors.
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Fig. 1. BEOL structure of the 65-nm CMOS technology.
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Fig. 2. Designed MOM capacitor structures.
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Fig. 3. Photo of the fabricated MOM capacitors.
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Fig. 4. Equivalent circuit model of MOM capacitor.
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Fig. 5. Modeling results of MOM capacitors.
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Table 1. Performance comparison of the fabricated MOM capacitors.

Structure | Used Layer | Area [um’] | Capacitance [fF] Capacitance density [fF/um’] Q-factor (@10 GHz) SRF [GHz]
HPP-1 LB-B2 196 39 0.2 6.9 >120
HPP-2 LB-M4 196 127 0.64 24 69
HPP-3 LB-M2 625 480 0.76 0.6 17
VPP EA-M2 225 62 0.27 5.1 71
PW EA-M2 225 200 0.88 1.3 37.5
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