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隨著 IoE 裝置與無線傳輸系統發展，低功耗處理器成為熱
門技術開發。然而，IoE 裝置應用系統低電容量與使用環
境能源不穩定問題，其系統需具長待機時間與低耗能的特
性。新興式記憶體（Emerging memory），如電阻式記
憶體（ReRAM）、相變化記憶體（PCM）與磁性記憶體
（MRAM）…等具有非揮發性、高密度、低功耗等特性。
適合應用於非揮發處理器當中，用以備份處理器待機時資
訊，並在復機後將資訊重新使用，大幅減少傳統揮發性
（Volatile）記憶體待機時的漏電問題。

傳統處理器為馮諾伊曼（Von Neumann）架構，運算資料
於處理器與記憶體巨集間傳遞，此架構速度受限於資料傳
輸介面的輸入輸出端（IO）數，且搬動資料需要消耗大量
額外能量，稱為「Memory-wall」。近年，類神經網絡架
構（Neural network）成為熱門的研究項目。有別於傳統
馮諾伊曼架構，類神經網絡可於單晶片中實現平行運算，
達到快速且低功耗之運算目標。 

利用高密度、高低阻態比值（R-ratio）大的電阻式記憶體
（ReRAM），本研究成功 設 計 應 用 於 非 揮 發 性 處 理 
器 之 類 神 經 網 絡 之 記 憶 體 內 運 算（Processing-In-
Memory）電路與非揮發性邏輯（nvLogic）電路。下列為
本研究之電路特色：

1.	國際首次，具高度整合性之記憶體內運算電路與非揮發性
邏輯電路並應用於實際微處理器。 

2.	記憶體內運算電路開發，作為處理器之加速單元，可有效
降低計算功耗與速度提升。 

�� 國際首次，高度整合之記憶體內運算電路晶片實作。 

�� 利用類神經網絡架構可於記憶體巨集內實現平行運算，無

須將資料傳遞至處理器再進行運算。 

3.	非揮發性邏輯電路開發，可於單巨集中對資料進行平行備
份與讀取，達到快速、低耗能開關機特色。 

With the ever-increasing market demands of internet 
of everything （IoE） and wireless sensor networks 
（WSN）, low energy processors have become a great 
topic of interest. In particular, the end-devices must 
support long idle time and low energy consumption 
due to the limited and noisy power supply. 

Emerging memories, such as ReRAM, PCM and MRAM 
are suitable for nonvolatile processor （nvProcessor） 
due to its nonvolatility, high density, and low power 
consumption. It can be used to backup data before 
power-off and recover data once the power is restored. 
This operation greatly reduces the leakage energy of 
volatile memories during standby.

Conventional processors employ the Von Neumann 
archi tecture ,  where  data  process ing requires 
t ransmiss ion between CPU and memor y.  The 
throughput of this approach is limited by the IO 
interface, and transmitting data consumes a large 
amount of excess energy. This is known as the 
“Memory-wall”. Recently, neural networks which 
differ from the conventional architecture has become 
a popular topic due to its ability to conduct efficient 
parallel computations, enabling high speed and low 
power data processing. 

By using 150nm CMOS process and HfOx RRAM, 
this research successfully demonstrates an energy-
efficiency nonvolatile processor with a novel Self-Write-
Termination 2R-nvFF （SWT-2R-nvFF） and RRAM 
based Processing-in-memory （PIM） circuits. The 
main contribution of this work is as the follows:

1.	For the first time, RRAM based PIM circuits and 
nonvolatile logics （nvLogic） have been integrated 
in a nonvolatile processor.

2.	Process ing-in-memor y c i rcuits  ser ve as  the 
accelerator for a high efficiency processor.

�� For the first time, a RRAM based processing-in-
memory integrated chip is presented.

�� The  P IM c i rcu i t r y  suppor ts  neura l  network 
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�� 創新的自動寫入截斷機制（Self-Write-Termination）可

大幅降低資料備份耗能。 

�� nvFF 可用以取代處理器內關鍵運算單元暫存器，使得處

理器可在能源不穩定時持續進行開機步驟，不須重新執
行。

圖 1. 結合記憶體內運算與非揮發邏輯電路之高效能非揮發性處理器架構圖

Fig 2. High energy efficiency nonvolatile process with processing-in-
memory circuit and nvLogic

computations through parallel processing in memory, 
eliminating data transmission to the CPU.

3.	Nonvolatile logics allow parallel, local backup and 
recovery of data to reduce energy consumption and 
enable fast power-on-off operations.

�� A new Self-Write-Termination nvFF （SWT-nvFF） 
greatly reduces data backup energy.

�� NvLogic make it possible for the processors to 
continue computation even with rapid power 
interrupts by storing critical data to NVM.
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