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Memories	  Today	  

SRAM	   DRAM	   Flash	   STT	   RRAM	  
Cell	  Size	   120F2	   4-‐6F2	   4-‐5	  F2	   4-‐6F2	   4-‐6F2	  
Read	  Access	  Time	   <1ns	   20ns	   25,000ns	   10ns	   10ns	  
Write1	  Access	  Time	   <1ns	   20ns	   200,000ns	   20ns	   40ns	  
Write0	  Access	  Time	   <1ns	   20ns	   200,000ns	   40ns	   40ns	  
Endurance	   >1015	  

	  
>1015	  
	  

104	  
	  

>1015	   1012	  

Non-‐volaQlity	   NO	   NO	   YES	   YES	   YES	  
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Free	  FerromagneQc	  Layer	  

Fixed	  FerromagneQc	  Layer	  
Tunneling	  Oxide	  

SL	  

The	  orientaQon	  of	  the	  free	  layer:	  
• 	  	  determines	  the	  resistance	  of	  the	  material	  	  
• 	  	  can	  be	  changed	  by	  injecQng	  current.	  

High	  electrical	  resistance	  

Parallel	  State	  	  
(P)	  ‘0’	  

Low	  electrical	  resistance	  

AnQ-‐parallel	  State	  
(AP)	  ‘1’	  

(	  	  	  	  	  	  	  	  Spin	  polarized	  electron)	  
MTJ	  –	  MagneQc	  Tunnel	  	  JuncQon	  



Main	  resiliency	  issues	  come	  from	  variaQons	  in:	  
• 	  Tunneling	  oxide	  thickness	  and	  cross-‐secQon	  area	  
• 	  Free	  layer	  thickness	  
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•  MagneQc	  nanostructures	  suffer	  from	  thermally	  
acQvated	  magneQzaQon	  reversal.	  	  

•  Néel-‐Brown:	  at	  finite	  temperature,	  there	  is	  a	  finite	  
probability	  for	  the	  magneQzaQon	  to	  flip	  and	  reverse	  
its	  direcQon.	  

•  Néel-‐Brown	  model:	  

STT-‐MRAM	  Failure	  Mechanisms	  
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)exp(t/	  	  P(t) τ=

)Tk/Eexp( BΔ= 0ττ
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•  STT-‐MRAM	  Cell	  Failure	  Probability	  in	  Data	  
RetenQon:	  

ΔE	  

T)]E/k)·∙exp(-‐exp[(-‐Nt/-‐1	  	  P(t) BΔ= 0τ
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•  STT-‐MRAM	  Cell	  Failure	  Probability	  in	  Read	  
OperaQon	  	  

ΔE	  

T)]))/k/I(I-‐E(1)·∙exp(-‐exp[(-‐Nt/-‐1	  	  P(t) B0CreadΔ= 0τ

Eread	  
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•  Aging:	  STT-‐MRAM	  Cell	  Failure	  due	  to	  Tunneling	  
Oxide	  Breakdown	  

BL	  

SL	  

Free	  Layer	  

Fixed	  Layer	  

RH	  degradaQon	  due	  to	  Tunneling	  Oxide	  	  
stress:	  
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with	  F(t)	  following	  a	  Weibull	  distribuQon:	  

( )k)/t(exp)t(F λ1=
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No	  knobs,	  Aged	  Cell,	  3D	  analysis	  
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Conclusions	  	  

•  STT-‐MRAM	  reliability	  evaluaQon	  methodology	  
•  The	  joint	  effect	  of	  	  

–  fabricaQon-‐	  and	  aging-‐induced	  process	  variability	  
•  Reliability	  evaluaQon	  under	  voltage	  tuning	  
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opQmum	  voltage	  value	  for	  STT-‐MRAM	  operaQon	  
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