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About me 

 MsC, Lund Univ. 2009, PhD, TELECOM ParisTech, 2013 

 Since 2018, Associate Prof., Southeast University, China,  

 - Affiliation: National ASIC System Engineering Research Center 

 - Emerging memory group: 1 Postdoc, 1 Phd, 12 MsC 

 

 Project Coordinator:  

 - Speculative MRAM (NSFC, 2020),  

 - TFET-VLSI (National Key Research and Development Program of China) 

 - Partner: Energy-efficient DRAM (NSFC, 2018) 
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Discussion 

 Research work during pandemic COVID-19 

   (1) on-line group meeting + deadline setup 

   (2) virtual conference participation (ISCA) 

   (3) proposal (funding) 

 

 Why MRAM and low-power matter 

 

 Importance of foundry participation 

    (1) integrated device manufacture (IDM, e.g., Everspin) 

    (2) TSMC + SMIC + Globalfoundry 
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Importance of emerging memories (1) 

 Power management is the main concern in Moore’s law/More Moore 

 Emerging memories offer zero-leakage in the standby scenario 

mode1 
~30pW 

<1nA 

~1mA 

 mode1：sleep (ULP) 
 mode2：wakeup (LP) 
 mode3：computing 

~100mA 

响应时间<1us 唤醒时间~0.1ms 

Current 

mode3 

mode2 
~300nW 

Huge computing 
during short period 
and make decision 

时间 

… 
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Importance of emerging memories (2) 
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Energy-efficient on-chip memory 

   Development of SRAM，innovation of std. unit/cache… 

   Emerging memories replacement 

   Non-von Neumann: Computing-in-memory 
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Typical emerging memories 

Main emerging non-volatile memories: RRAM, PCRAM, MRAM 

 Very-low write energy~1pJ 

1ns 

1pJ 

 Bottleneck: cost and efficiency 
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Spintronic device 

“Electron does not have only a charge, but also a spin” Is it possible to construct a practical  

electronic device that operates on the spin of the electron, in addition to its charge?  

Albert Fert Peter Grünberg  

 Giant MagnetoResistance (GMR)  

 

A.Fert et al., PRL, 1988 

FM: Ferromagnetic NM: Non Magnetic (Metal) 

Claude Chappert, Albert Fert, Nature Materials, 2007 

Toggle MRAM TAS-MRAM 

STT-MRAM 

SOT-MRAM VCMA-MRAM 

http://www.fz-juelich.de/
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Fabrication last ten-years for MRAM 

Copyright: Prof. M. F. Chang, ISSCC18 Tutorial 

 Perpendicular MTJ with STT switching  is with industry 

recognition, located at the high metal layer 

 Smaller bit-cell and larger capacity 

Magnetic 

element level 

CMOS logic  

level 
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MRAM industry participation 
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Foundry announced MRAM info 

Copyright Globalfoundaries 

TSMC: https://www.tsmc.com/english/dedicatedFoundry/technology/eflash.htm 

https://www.tsmc.com/english/dedicatedFoundry/technology/eflash.htm
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Recent work of MRAM (1) 
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 MRAM macro building 
blocks optimization 
 

- Row/Column decoder/driver 
- Timing Circuit 
- Sensing amplifier 
- Reference/current source 
- Input/output 

 Analog design flow 
 Hybrid simulation using 

Verilog-A MTJ model and 
SPICE netlist 
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Recent work of MRAM (2) 

 Self-timed voltage-mode sensing scheme: 
- Self-timed sensing scheme dynamically tracking the VBL swing 

 

 MTJ-based loop replica BL timing circuit 
- MTJ-based Loop Replica BL as device-circuit interaction for PVT-robust sensing 

 

 Aging/Temperature monitored built-in self test (BIST) 
- Self-activated BIST by aging/temperature monitoring scheme 

① New memory access schemes,  ② device-circuit interaction 

Y. Zhou, H. Cai et al, IEEE TCAS-1 2020 

Y. Zhou, H. Cai et al, IEEE TCAS-2 2020 

Y. Zhou, H. Cai et al Microelec. Rely. 2020 
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ALWAYS-ON
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RTC
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replace 

Macros Flash-like SRAM-like 

Bit-cell 1T-1MTJ 2T-2MTJ 

Access time (R/W) 25ns/200ns 12.5ns/40ns 

Retention > 10 years > 10 years 

Endurance > 1M cycles > 100 M cycles 

Energy 1 pJ/bit 1 pJ/bit 

eMRAM 
replace 

Source: Globalfoundaries 
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50 
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RTC
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STM32L4xx 

ADCuM3027 

2T-2MTJ bit-cell 

Recent work of MRAM (3) 
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Perspective 1: computing-in-memory 

SRAM+CNN  

video processor 
@ISSCC20(THU) 

SRAM+CNN sparsity 

@ISSCC20 

(THU+NTNU) 

2020 

@ISSCC20 
ReRAM+Neurosynaptic 

(Stanford) 

ReRAM+MAC 

@ISSCC20 

(THU+NTNU) 

Prof. M. F. Chang,  

ISSCC20 

121.38  

TOPS/W 

NTHU 

1x2bits 

CIM optimization 

CIM 
Custom 

design 

 Energy efficiency is the critical 

specification, great higher than Moore 

 50% energy in DRAM/SRAM 

 CIM is with great challenge for custom 

interaction design 

ISSCC 2020 first  

MRAM CIM 
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Perspective 2: EDA-compatible 

Source: DARPA 2017 

 Emerging memories/new device, EDA-compatible  
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Energy-aware spintronics – device level 

 Interplay switching of MRAM bit-cell 

VCMA+STT 
STT assisted precessional voltage 

controlled magnetic anisotropy 

SOT+STT 
Isot and Istt are sequentially 

applied to the device in 

the toggle-like manner.  

t1: only SOT 

t2: STT&SOT 

interplay effect  

t3: SOT remove 

t4: relax 

Zhao et al, Nat Elec 19  

Wang et al, EDL 19 

Roy et al, TED 17 
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Energy-aware spintronics – circuit level 

 MRAM-on-FDSOI design strategy 

The programmable body-bias generator (BBG) with a step-

size of 100 mV is used to generate VCMA pulse and 

forward body-bias voltage 

STM BBG IP  

block diagram 

Source: STM Dr. Philippe Flatresse 
 Body-bias generator method  

 Flip-well method 
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Energy-aware spintronics – system level 

 Speculative strategy, approximate MRAM 

 Conventional common writing timing waits 

the weak bit-cell as Unnecessary power 

consumption 

 Proposed Speculative scheme uses weak bit-

cell to monitor the writing operation as PVT 

tracking writing timing circuit 

BL0 SL0 BL(n-1) SL(n-1)

WL0

Array Monitor Column

Weaker 

Bitcell

Mixed precision MRAM 
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Conclusions and perspective 

 COVID-19 is an interlude event in the research work. 

 MRAM could be the next-generation working memory, to replace eFlash and L3 

cache. Now the major stumbling block is the ‘cost’.  

 Multi-level interaction design is an important methodology for MRAM 

 Foundry (industry) can boost research.   


