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A combined data-retention and intermediate power gating structure is proposed
in this invention. This new structure has advantages of performing multiple modes of
operations. Power-gating devices and circuits are critical in SOC power management
design. Conventional power gating structure simply turns off the gating sleep
transistors to suppress the ever increasing sub-threshold leakage current as the
technology advances. However, in the memory circuits such as latches, register files
and SRAM, we need new power gating devices to maintain data retention and a
reasonable static-noise-margin (SNM) during the gating sleep transistors turned-off.
The proposed combined data-retention and intermediate power gating structure can
be reconfigured into 4 different modes to meet the low power design requirements.
Data-retention mode is targeted to maintain SNM of storage elements. Intermediate
mode is used while the circuits run at lower speed and to suppress ground bounce
during mode transitions. Active mode is used while the circuits run at full speed.
Standby or cut-off mode is used when the circuit block is put into sleep mode to
reduce standby power consumption. The SNM of storage elements are maintained
during standby mode. It shows that 2X to 20X leakage current reduction is

achievable while maintaining good SNM.
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