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Abstract  

A spintronics-based power-gated MPU is proposed. It 

includes a power controller circuit activated by the 

newly supported power-off instruction for deep 

-sleep-mode. These means enable the power-off proce-

dure for the MPU to be executed appropriately. The 

prototype fabricated using 90 nm CMOS and 100 nm 

MTJ process has successfully operated. The measure-

ment results show that the operation energy can be de-

creased to 1/28, when the operation duty (active cycle / 

total cycle) is 10%, compared to non-power-gated MPU.  

 

1. Introduction 

To solve the increasing standby power of LSIs for fu-

ture scaled CMOS, power-gating techniques using nonvol-

atile devices are actively researched [1-2]. Perpendicular 

magnetic tunnel junction (MTJ) is a promising nonvolatile 

device due to its fast switching, high endurance, and good 

scalability [3]. In the parallel processing techniques used in 

recent MPUs as shown in Fig. 1, some MPU/processor el-

ement (PE) will be idle because 100% operation ratio is 

impractical. Such idle units should be fully powered-off (in 

"deep-sleep-mode"), and we reported that power-gated 

MPU using nonvolatile flip-flops (NV-FFs) is effective [4]. 

It can overcome performance degradation by entry/exit 

delay in the power on/off sequence. However, it is neces-

sary to control power-off/on procedure in order to make 

correct power-gating operation. This paper proposes the 

function and power control circuit required for such pow-

er-gated MPUs, and estimates its effectiveness by test chip 

fabrication and measurements. 

 

2. Proposed power-gated MPU with deep-sleep-mode 

controlled by power-off instruction 

For power-gating operation, controlling by software has 

an advantage that programmers can manage power-gating 

resulting in achieving optimal power-control for each ap-

plication. To realize this, it is necessary to define the in-

struction corresponding to the power-gating (hereafter, 

"poff" instruction), which can be designated in assembler 

programs. We propose a new power-gated MPU as shown 

in Fig. 2. This MPU includes the poff instruction and the 

power control circuit appropriate to the power-gated MPU 

[4]. The instruction set of the MPU is listed in Table I.  

Fig. 3 shows the timing chart for the proposed power 

on/off sequence of the MPU. In a nonvolatile MPU, the 

method of data saving to nonvolatile devices is categorized 

into two ways: (1) the data saving in every operation cycle, 

(2) the data saving for all flip-flops just before power-off. 

The method (1) has a merit that the exit delay is minimum 

because of instant power-off on demand, but has a demerit 

that write operation to nonvolatile devices occurs frequent-

ly. On the contrary, the method (2) requires a rather com-

plicated procedure, but requires minimum write operation 

to nonvolatile devices. Here, we adopt the method (1) for 

the instruction / data memories and register files on the 

assumption of using the SRAM type STT-MRAM [5], and 

the method (2) for the program counter (PC) and the pipe-

line register (PR). Thus the memories store nonvolatile data 

in the “Normal operation” period, while the flip-flops do in 

the “NV-FF data save” period in Fig. 3. This achieves an 

optimized combination of power-off delay and write fre-

quency for MTJs, because the PC and PR are accessed at 

every clock cycle while the memories are not. Special care 

is needed so that the power controller correctly operates 

when the power-gated supply line (VDD_PG) is cut off.  

 

3. Chip fabrication and measurements 

Fig. 4 shows the MPU prototype chip photo, which was 

designed and fabricated using 90 nm CMOS and 100 nm 

MTJ process. The power control circuit is laid out around 

the MPU main body, providing sufficient switch PMOS 

sizes. The non-power-gated supply line (VDD_NP) enclos-

es the power controller. Its measured operating waveforms 

are shown in Fig. 5, which demonstrates the successful 

power-off operation after receiving the poff_signal.  

The effect of this MPU is estimated using measurement 

results. Fig. 6 compares (a) EP, the data retention energy for 

the power-gated MPU (nonvolatile data saving and loading), 

and (b) EN, the energy for the non-power-gated MPU (vola-

tile data retaining). Both EP and EN are shown as a function 

of standby time in terms of the number of idle clock cycles. 

The EP has a constant value against the number of idle 

clock cycles, because the MPU is powered down after data 

saving and no power dissipates except the save/load data 

to/from the MTJs. But it varies depending on MTJ's 

switching characteristics. In Fig. 6, the write pulse width = 

5 ns. The crossover point between EP and EN indicates the 

border of the number of idle clock cycles, at which the 

power-gated MPU becomes more advantageous in energy 

than the non-power-gated MPU. The crossover point is 

about 750 as indicated in Fig. 6. Fig. 7 shows the energy 

reduction ratio (= energy for the power-gated MPU / ener-

gy for the non-power-gated MPU) against the operation 
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duty (= active cycle / total cycle). For 10% duty, energy 

reduction of about 1/28 is achieved by the power-gated 

MPU. 

 

4. Conclusion 

A power-gated MPU with a power control circuit and a 

power-off instruction was proposed. The effect of power 

reduction for the MPU was revealed based on chip meas-

urement results, which shows significant energy reduction 

of 1/28 when the operation duty is 10%, compared to a 

non-power-gated MPU.  
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Fig. 4. MPU chip photograph. 
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Fig. 6 Data retention energy comparison. 

Fig. 1. Examples of typical parallel processing methods in recent years:  

(a) Multi-core processor, (b) Single instruction multiple data (SIMD). 

Fig. 2. Architecture of the proposed MPU with a power controller circuit and a “power-off” 

instruction. The pipeline registers (PRs), include IFID, IDEX, EXMEM, and MEMWB. 

Fig. 3. Timing chart for the power-gating operation of the MPU. 

Fig. 5. Operating waveforms. 

Fig. 7. Energy reduction ratio  

      against the operation duty. 

Table I  Instruction codes. The code of poff has reserved bits 

for further extension of the function.   
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