
Performance Optimization for Low-Leakage Caches 
based on Sleep-Line Access Density 

 

Reiko Komiya†1, †2 Koji Inoue†3, †4 Kazuaki Murakami†2, †3 
 

†1 Department of Electronics Engineering and Computer Science, Fukuoka University 

†2 Institute of Systems & Information Technologies/KYUSHU 

†3 Department of Informatics, Kyushu University 

†4 PRESTO, Japan Science and Technology Agency 

 

arch-ccc-lpc@c.csce.kyushu-u.ac.jp 
 

ABSTRACT 
it saves the state. Thus, the performance overhead caused by the 
leakage optimization can be eliminated. 
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1. INTRODUCTION 
Due to the popularization of battery operated devices 

such as laptop and hand-held computers, energy 
consumption has become a key constraint in 
microprocessor designs. The energy dissipated in CMOS 
circuits consists of two parts: dynamic energy and static (or 
leakage) energy. The dynamic energy is consumed by 
charging and discharging load capacitances in circuits, 
while the leakage energy is wasted by leakage current in 
non-ideal transistor operations, i.e., incomplete turning off. 
With the increasing number of transistors employed in a 
chip and the continuing reduction in threshold voltages of 
these transistors, leakage energy has become a major 
concern. Especially, reducing the leakage in on-chip caches 
is essential, because of a tendency that a significant portion 
of transistor budget in microprocessors is invested to on-
chip memories. For example, in the case of a 0.07µm 

state-preserving and state-preserving. The former gates the 
supply voltage to SRAM cells, thus large amount of 
leakage is reduced, but performance is negatively affected 
due to losing the data in the SRAM cells [5][11]. While the 
latter can be implemented by optimizing the supply voltage 
as DVS ([2][7]) or the transistor threshold voltage as VT-
CMOS [3]. This approach can maintain the cache-hit rates 
of non-optimized conventional caches. In state-preserving, 
the sleeping line needs to be transited to the active mode 
before the SRAM access is started. It can alleviate the 
performance impact, but leakage reduction is not as high as 
the non-state-preserving scheme. With the advances of 
VLSI technology, changing the supply voltage at run time 
may become harder and harder due to the effects of wire 
delay, Vdd noise, and so on. Furthermore, the speed of 
microprocessors tends to be increased. As the results, it 
becomes difficult to materialize low supply voltage which 
does not destroy for state-preserving. In addition, the 
reference [9] reports that the state-preserving scheme is 
weak to the soft error. Therefore, we expect that the non-
state-preserving approach becomes mainstream, and focus 
on this approach in this paper. 

The non-state-preserving approach stops the supply 
voltage of corresponding line and ruins the data. Thus, a 
miss is surely made in the reference to a sleep mode line. If 
the data referred to again is lost, the number of miss 
increases as compared with the conventional cache which 
does not use the leakage reduction technique. It causes the 
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