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On-chip Decoupling Capacitor for Power Integrity
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Abstract: As the performance and density of IC devices increase, especially the clock frequency increases, power grid
network integrity problems become more challenging. To resolve these power integrity problems, the use of passive
devices such as resistor, inductor, and capacitor is very important. To manage the power integrity with little noise or ripple,
decoupling capacitors are essential in electronic packaging. The decoupling capacitors are classified into voltage regulator
capacitor, board capacitor, package capacitor, and on-chip capacitor. For next generation packaging technologies such as
3D packaging or wafer level packaging on-chip MIM decoupling capacitor is the key element for power distribution and
delivery management. This paper reviews the use and necessity of on-chip decoupling capacitor.
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Fig. 1. Location of decoupling capacitors in a package”.
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Fig. 4. Types of on-chip decoupling capacitors.
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e Polysilicon-insulator-polysilicon (PIP) decoupling capacitor
¢ Metal-oxide-semiconductor (MOS) decoupling capacitor
e Metal-insulator-metal (MIM) decoupling capacitor

o Lateral flux decoupling capacitor
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Table 1. Four types of on-chip decoupling capacitors in a 90 nm CMOS technology"

Feature PIP capacitor MOS capacitor MIM capacitor Lateral flux capacitor

Capacitance density (fF/pum?) 1-5 10-20 1-30 10-20
Bottom plate capacitance (%) 5-10 20-30 2-5 1-5
Linearity (ppm/volt) 50-150 300-500 10-50 50-100
Quality factor 5-15 1-10 50-150 10-50
Parasitic resistance (mQ) 500-2000 1000-1000 50-250 100-500
Leakage current (A/cm?) 107'°-10° 10210 10°-10% 10107
Temperature dependence (ppm/°C) 150-250 300-500 50-100 50-100
Process complexity Extra steps Standard Standard Standard
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