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Trends in NAND Flash

• Floating gate approach coming to an 
end at ~2X nm gate length:
– Floating gate interference

– Unable to scale tunnel oxide
– Unable to scale interpoly dielectric

• Shift to Charge Trap Flash (CTF):
– TANOS
– Bit-Cost Scalable (BiCS) Flash
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Challenges of NAND Charge Trap Flash
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Pass disturbs on
selected string
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Challenges of NAND Charge Trap Flash
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OPTIMIZATION RESULTS:

• High program/erase voltages

• Limited endurance

• Read-pass disturb

• Challenging MLC

• Scalability ?
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The Case for Monolithic 3-D Flash 
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Wish List for Monolithic 3-D Flash

• Laterally scalable
• Easily stackable
• Reasonable program/erase voltages
• High program bandwidth
• Good endurance
• Good retention
• MLC capability
• All at low cost
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Challenges of 3-D NAND Charge Trap Flash

• Lateral Channel Solutions:
– Thick ONO to alleviate pass disturbs

– High program/erase voltages
• Need special 3-D source/channel contact for 

erase

– Read-pass disturb limits number of reads

– Challenging MLC
– Scalable ? :

• Single gated MOS with thick gate dielectric
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Challenges of 3-D NAND Charge Trap Flash

• Vertical Channel Solutions
– Gate all-around with channel hole to 

substrate
– Scalable ? :

• F > 2 X (CTF dielectric thickness)

– Serious selected string read-pass disturb

– Very challenging MLC
– Stackable ? :

• Worst-case string current halves for every 
doubling of NAND string length and density

• Pass disturbs in selected string worsen
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The Schiltron Solution Explained
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• Double-gate approach
– Close electrostatic interaction for short channel c ontrol 

and lateral scalability
– Electrical shielding of memory charge from pass 

voltages

Off



Schiltron Corporation - IEDM 2008

The Schiltron Solution Explained
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The Schiltron Solution Explained

• Consequences:
– Laterally scalable with DG structure
– ~ Zero pass disturbs

– Worst-case string current decoupled 
from V read-pass

– Thin ONO
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Physical Structure

32 cell string after channel trench etch
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Physical Structure

64 cell string after 2 nd gate formation
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Physical Structure

XTEM perpendicular to wordline gate direction
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Physical Structure

350 A channel thickness

48nm gatelength

XTEM perpendicular to wordline gate direction
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Physical Structure

XTEM perpendicular to channel direction



Schiltron Corporation - IEDM 2008

Physical Structure

45nm channel width 
“nanowire”

XTEM perpendicular to channel direction
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Physical Structure – Source/Drain
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Electrical Results – Single DG Device
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Pass Disturb
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Worst-Case String Current
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Worst-Case String Current
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Worst-Case String Current
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Worst-Case String Current
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Cycling Endurance
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Comparisons
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Conclusions

• Schiltron DG-TFT-SONOS:
– Laterally scalable due to DG structure
– Easily stackable due to S/D dopant “freezing”
– Reasonable program/erase voltages due to 

independent ONO scaling
– High program bandwidth due to tunneling
– Good endurance due to thin tunnel oxide
– Good retention even after cycling
– MLC capability due to disturb stability
– CMOS-friendly materials used throughout
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