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Opportunities for Ultra Low Voltage

Moteiv Sky mote, 2006

• Battery Operated and Mobile Systems
– Wireless sensors
– RFID tags
– Biomedical implants
– Mobile Phones, internet devices, and 

netbooks
– Maximize operating lifetime for stored 

energy (minimum energy operation)
• Wall-plug and Rack Mounted Systems

– Power-down and sleep modes in 
servers

– Maintain state in on-chip caches, 
SRAM memory while minimizing 
leakage power
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CMOS Delay and Power Dissipation
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Voltage scaling decreases all power components, at 
expense of increasing circuit delay. 
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Low Voltage CMOS Inverter Operation

Swanson and Meindl, JSSC 1972

• Thermal noise limit:

• Inverter gain limit:

• Equalized NMOS-
PMOS off currents:
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Supply Voltage Scaling With Technology Node

• From 2007 ITRS Roadmap
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Commercial Wireless Sensor Mote

Moteiv Sky mote, 2006
Jiang, IPSN/SPOTS 2005

• Current sensor node: 70 mW all active, 17 μW idle
• Power sources contribute significant volume and cost
• Smaller system (1 cm3) desirable (less obtrusive military 

sensor, implantable biomedical device)
• Reduce power consumption, get energy from environment
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Specific Opportunities for ULV Design
• Extremely low power mixed-signal circuits

– Analog design without operational amplifiers

• Low voltage swing on-chip interconnects
– Good current drive at low VDD desirable

• Power gates and cutoff devices to minimize leakage power 
during inactive state
– Need steep subthreshold slope to limit leakage current when 

blocks turned off

• Low voltage active mode and sleep mode memories, caches
– Need reliable operation under variable VDD

• Low voltage standard cells
– Operate at minimum energy point, balancing leakage and 

dynamic power
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Extremely Brief MOSFET Review

Triode:

“Classical” MOSFET model, will discuss deep submicron 
modifications as necessary

( ) ( )DSTGS
ox

D VVV
L
WCI λμ

+−= 1
2

2Saturation:

( ) ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−−=

2

2
DS

DSTGSoxD
VVVV

L
WCI μ

Subthreshold:
⎟
⎟

⎠

⎞

⎜
⎜

⎝

⎛
−=

−
q

kT
DS

q
kT
GS V

n
V

SD eeII 1



R. Amirtharajah, EEC216 Winter 2009 11

Subthreshold Current Equation
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• Is and n are empirical parameters

• Typically,             often ranging around 

• Usually want small subthreshold leakage for digital 
designs

– Define quality metric: inverse of rate of decline of 
current wrt VGS below VT

– Subthreshold slope factor S:
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Detailed Subthreshold Current Equation
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• VT0 = zero bias threshold voltage,

• μ0 = zero bias mobility

• Cox = gate oxide capacitance per unit area

• γ = linear body effect coefficient (small source 
voltage)

• η = DIBL coefficient
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Leakage Currents vs. Active Currents
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Degraded Output Levels

• Balance current ratio through sizing, limiting fanin
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Degraded Logic Levels Impact Functionality 
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