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Outline 
• Subthreshold CMOS providing the lowest power- and energy consumption attainable. 

• Subthreshold operation, definition. 

• Reducing the power supply voltage as the most direct and dramatic means of 
reducing the overall power consumption. 

• Intel and UC Berkeley predict bright future for ultra low voltage CMOS. 

• Ultra low voltage CMOS reducing power consumption up to several orders of 
magnitude, or energy per switching up to 1-2 orders of magnitude. 

• Examples from practical («full custom») chip implementations demonstrating the 
«green» statements above: 

• 1) 32-bit adder functioning for a supply voltage down to 106 mV, thus being able to 
reduce power consumption by thousands of times, when compared to what the same 
technology normally would provide for 32-bit addition. 

• 2) 32-bit microprocessor  having 90.9 % reduction in energy per operation when the 
power supply voltage is reduced from the standard 1.2 V, to about 0.3 V. 

• 3) ««RX» and «TX» functionalities» operating with supply voltage down to 185 mV, 
consisting of about 1500 transistors, having power consumption of 145 nW@185 mV 
(«RX») and 131.4 nW («TX»). 

• Pointers to litterature and research within ultra low voltage / low power CMOS 



 



Subthreshold is attained by using a supply voltage below the absolute value 
of the inherent threshold voltages of the PMOS and NMOS transistors 

• Normal operation, example: 
Vtp = -0.3 V, Vtn = 0.3 V. 
Supply voltage, Vdd = 1.2 V. 

• Subthreshold operation, 
example: |Vtp| = |Vtn| = 0.3 
V, Vdd = 0.180 V 

• Subthreshold currents may be 
used for computations in ultra 
low power / low energy circuits 
and systems. 

• Inverter shown left. OUT = IN’ 
       ; IN = Vdd  OUT = Gnd.  
         IN = Gnd  OUT = Vdd.  
          Vdd = «1»,  Gnd = «0» 



Intel’s top 10 technology predictions: Subthreshold circuits will enable new classes of 
portable devices with ten times more battery life and personal mobile internet 

devices being able to run all day. 

• Steve Bush: Intel makes its top ten technology predictions for next decade 
http://www.electronicsweekly.com/Articles/2009/05/13/45950/intel-makes-its-top-ten-technology-predictions-for-next-decade.htm 
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”Ten years from now Mids (Mobile Internet Devices) will be 
ubiquitous and application developers will flood the market 
with all sorts of ingenious ideas” 
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New information acquisition and processing devices enabled by 
ultra-low power technologies – the sensory swarm 

• Sensory swarm «… will 
have a tremendous 
impact in domains such 
as advanced 
healthcare, improved 
energy efficiency, 
environmentally-
friendly living, mobility 
management, 
enhanced security, and 
many others.»  

 



Reducing the supply voltage into the subthreshold regime may 
reduce power consumption by several orders of magnitude, or 

energy per operation by typically 10 to 30 x 

Power = Voltage x Current 
Energy = Power x Delay 

• P = Pstatic + Pdyn + Psc =       
VDDIleak  +                   
αVswingVDDCLf CLK                                              

+ ISCVDD 

 



Chip measurements, full custom implementation of 32-bit addition, supply 
voltage 106 mV -  close to predicted practical lower limit of 100 mV. 

Upper , right: 32-bit addition CARRY, Vdd = 106 
mV (unpublished  measurements, Nov. 2012). 
Thanks to siv. ing. student Magne Værnes! 

Measurements for 32-bit serial 
adder, above (S. A., Norchip 2009) 

“..to allow for some tolerance to process and design margins, 
operation at VDD  100 mV may prove a practical lower bound.” 
(Nowak, IBM, ‘02) 



Energy per operation reduced to 1/11 when reducing supply voltage from 1.2 
to about 0.3 V, demonstrated by chip measurements (or 90.1 % reduction) .  

 



RX/TX modules implemented in 90 nm CMOS 

The modulator takes an NRZ input 
And modulates into NRZI_BPSK,  
using a chosen sub-carrier . 

The demodulator receives a 500 kbit/s 
FM0 signal and produces a demodulated 
signal and a 500 kHz clock signal. 



Chip measurements, «RX», demonstrating decoding of 
«…00101101…» 

         0           0          1            0             1            1           0            1       

0        0        1         0        1        1         0        1 

• About 700 MOSFETs 

• Power consumption 
114.7 nW  

• Supply voltage down to 
0.185 V. 



Chip measurements, «RX» and «TX».   
Thanks to Magne Værnes performing the measurments, and Q-Free ASA for lending out their laboratory equipment 
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Thank you for your attention! 

Questions? 

 
 
 
 
 

• snorre.aunet@ntnu.no / sa@ifi.uio.no 
• http://www.iet.ntnu.no/nb/ansatte/krets_og_system 
• http://www.mn.uio.no/ifi/personer/vit/sa/index.html 

 
•  +47 73594316 (NTNU) 
• +47 90013264 (mob.) 
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