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Embedded Nonvolatile Memories 

•  Integrating Firmware on chip is 
beneficial  

•  Cost reduction à If done with zero-
mask adder to logic process. 

•  Enhanced security. Slide 13 
13 
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eNVM For Redundancy   
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OTPM 

eDRAM 

P. Klim et. al, VLSI 2008 

3D memory requires  
significantly more OTPMs 
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eNVM for Automotive application 

•  4MB code flash + 64KB data 
flash integrated on-chip.  

•  Targeted for automotive MCUs 
for engine control and driver 
assistance applications.  

Y. Taito et al., ISSCC 2015 



eNVM for Media application 
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Embedded Flash memory in 
0.5um CMOS for voice-storage 
application:  
 
•  32Mb, 4-level embedded flash 

to store 64 minutes of voice.  

•  On-chip Memory BIST is 
included.  

 

M. Borgatti et al., IEEE JSSC 2001 



eNVM for other applications 
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STT-MRAM based cache  
memory in 65nm node, 
H. Noguchi et al., ISSCC 2016 
 
Memory cell : 2T 2MTJ 

Nonvolatile logic-in-memory array 
processor using MTJ/MOS in 
90nm node, 
M. Natsui et al., ISSCC 2013 
 
.  
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This talk focuses on a CTT based 
eNVM targeted for :  
  
•  Secure OTPM ID 
•  2D and 3D Redundancies 
•  Firmware applications 



Comparison of Embedded NVRAM Solutions 

Floating Gate 
•  Dual poly [1] 
 

Charge Trap NVM 
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OTPM 
•  eFuse [5] 
•  Anti Fuse [6] 
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CTT  [This Work] 
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CTT MTPM Applications 
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Charge Trap Transistor (CTT) Technology 
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Intrinsic Oxygen vacancies in HfO2 HiK dielectrics 
 

Charge Trapping done at logic process compatible voltages 
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OTPM / MTPM Twin Cell 
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1/4 Standby – Initial State Before Programming 

Mode WL BL SL 

Standby 0V float 0V 

Program 2V 0V ~1.5V 

Read 1V Signal 1V 

Erase  -1V float ~2V 

WL 

BLt BLc SL 
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2/4 Program  
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3/4 Read 
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WL=1V 
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e- 
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4/4 Erase 

Mode WL BL SL 
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CTT : Operating zones 
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Circuit Assist Techniques needed to operate in the “Safe” Zone 
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Circuit Assist – Over Write Protection 
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Circuit Assist – Block Write 
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Circuit Assist – Slew Sense Amplifier 
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Circuit Assist – Slew Sense Amplifier 
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Circuit Assist – Slew Sense Amplifier 
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SOI Hardware Results - OWP 
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SOI Hardware Results – HTS Stress 
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Bake Tests Indicate 30% VTH Degradation in 10 years @ 125OC 

32nm SOI 



SOI Hardware Results – Multi-Time Programming 
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1 Data 
0 Data 

a: Multiple Write (4X) with OWP Inverted 

PRE – Initial State 
W – Write/ Program 
ER - Erase 

J. Viraraghavan et al., IEEE VLSI Symp. 2016  
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Prototype is functional using VDD = 0.7V 
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Future : Endurance Improvement Concept 
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Future : Hardware-Based Security 
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§ Programmed bits physically invisible  

§ Enable Physically Unclonable Fuse (PUF) for a secure product source solution. 

§ Create a unified memory array, using these three modes of operation 

– OTPM Mode: Used for stable non-volatile bits  

– MTPM Mode: Self Destructive Re-writable Memory non-volatile bits 

– Intrinsic ID Mode: Physically Unclonable Fuse (PUF).  

BLc BLt 

e- 
WL 

SL 

NMOSt NMOSc 

Twi Cell Memory Cell  



Future : Unified memory using CTT MTPM 
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Summary 
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•  MTPM demonstrated in both SOI and Bulk FIN 
•  Scalable standard Hi-K logic process 

•  Process as it is (ex. No mask adder) 
•  Operated in logic compatible voltages 
•  ~30X more dense than eFUSE 

•  Future : MTPM fundamental concepts 
•  Endurance improvement, using forming approach 
•  Unified memory, using OTPM, self-destructive MTPM, PUF. 

Technology 32nm SOI 22nm SOI 14nm FIN Bulk 

Cell 0.109µm2 with 1.4nm 
Gox NMOS 

0.144µm2 with 1.2nm 
Gox NMOS 

0.1411µm2 with FIN 
NMOS 

Macro Density 80Kb 64Kb 40Kb 

Density/mm2 ~2Mb/mm2 ~2.5Mb/mm2 ~1.3*Mb/mm2 

Activation Energy ~1.4eV  - ~1.6eV 
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