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Motivation

[Ref.] Naveen Verma Trans. on Elec. 2008

Energy Minimization 
demands sub-threshold 

operations

Sub-threshold Super-threshold
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Sub-VT Challenges

 Reduced drive current (ION)

 Device-to-device mismatch due to huge 
VT variation

 High Leakage

 Reduced noise margin
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[Ref.] Harsh Patel et al., ISQED 2016

Sub-VT Challenges



Technologies:
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Available Solutions



Circuit Design:
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Available Solutions
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Technology Overview
Technology: 
Deeply Depleted Channel 
(DDC)

Gate Length (nm): 
55

Devices:
Ultra-Low Leakage (ULL)

Enabling Circuit-level 
Technique:
Reverse Body Biasing (RBB)

TEM view of DDC ULL device
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Sub-VT Challenges: Reduced ION

Sub-threshold 
Optimization:

- DDC shows 
higher ION/um

Measured ID vs VGS across 
multiple samples and across 

process corners
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VT variation spread comparison

Sub-VT Challenges: VT variation

~30% VT
variation 
reduction



12VT roll-off comparison

Sub-VT Challenges: VT variation
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75X 6T bitcell leakage minimization 
with a higher degree of RBB.

Sub-VT Challenges: Leakage
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Butterfly curves for SRAM 6T bitcell: DDC ULL 
vs. non-DDC (conventional) bitcell

Sub-VT Challenges: Noise Margin

DDC ULL 6T Non-DDC 6T
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- Circuit techniques 
(sub-VT operation and 
RBB) are co-designed 
with the technology to 
maximize the energy 
power saving.

- 1Kb 6T SRAM, 32-bit 
FIR, and Ring. Osc.

Test-Chip Results

Fabricated chip with 
1kb SRAM and 16-bit 

FIR block
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Test-Chip Results: SRAM

6X Energy 
reduction using 
RBB

Effectiveness of RBB: Higher leakage reduction 
and lower ION reduction
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Test-Chip Results: FIR

Energy minimization using RBB 
(by leakage reduction)
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Test-Chip Results: RO

RBB is more 
effective at lower 
VDDs (Sub-VT range)
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Comparison
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Thank you!
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Sub-threshold 
Optimization:

- Reduced gate 
leakage (by 
increasing 
TOX) 

- without 
impacting VT
variation 

Impact of increase in Gate-Oxide 
thickness (TOX) on VT variation

Sub-VT Challenges: Increased IGate


