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Introdu ctionIntrodu ction

��Continuou s increase in use of portable electron icsContinuou s increase in use of portable electron ics
��Battery operated → low power consumption Battery operated → low power consumption →→ CMOSCMOS

��Total Power = Dynamic Power + Static PowerTotal Power = Dynamic Power + Static Power

��Low Consumption → Low Supply Voltage  + Low Low Consumption → Low Supply Voltage  + Low 

Operating FrequencyOperating Frequency

SubthresholdSubthreshold or Weak inversion (W.I.) operationor Weak inversion (W.I.) operation

2
DDDYN VP α DDST VP α
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Techno logical Parameter VariationsTechno logical Parameter Variations

••intrachipintrachip parameter variation andparameter variation and interchipinterchip parameter parameter 
variation variation →→ ±±100mV Threshold Voltage 100mV Threshold Voltage 

±30% ±30% Current FactorCurrent Factor
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Consequences of Techno logical Parameter VariationsConsequences of Techno logical Parameter Variations

••Weak inversion Weak inversion →→→→→→→→expon ential current lawexpon ential current law
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CMOS logic gates operating in weak inversionCMOS logic gates operating in weak inversion

••Rise Time  (TRise Time  (TLHLH) and Fall Time (T) and Fall Time (THLHL) ) –– 10%10%--90%90%
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Consequences of Techno logical Parameter VariationsConsequences of Techno logical Parameter Variations

ULTRAULTRA--LOWLOW--POWER CMOS LOGICPOWER CMOS LOGIC

0,01

0,10

1,00

10,00

100,00

0,65 0,7 0,75 0,8 0,85 0,9 0,95

Vt

T
h

l/T
lh

Vtn=|Vtp| Vtn |Vtp|

INVERTERINVERTER
0.80.8µµmm BET TechnologyBET Technology
VVTNTN = |V= |VTPTP| = 0.8V| = 0.8V
(W/L)(W/L)NN = 15= 15µµ/9/9µµmm
(W/L)(W/L)PP = 45= 45µµm/9m/9µµmm
CCOO = 1.3pF= 1.3pF
IIONON ≈≈ IIOPOP

TTHLHL/T/TLHLH||maxmax = 400 !! != 400 !! !



8

Bryant, 2001Bryant, 2001

••Substrate Bias Circuit: NMOS and  PMOS are “cut off”!? . Substrate Bias Circuit: NMOS and  PMOS are “cut off”!? . 
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Propo sed Compensation TechniquePropo sed Compensation Technique
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DC  Transfer characteristicDC  Transfer characteristic for the Inverterfor the Inverter
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Inverter TransientInverter Transient
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Inverter Transient Inverter Transient ((IIII))
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0.80.8 ��mm AMSAMS
ACM modelACM model
(W/L)(W/L)NN = 2= 2 ��m/0.8m/0.8 �� mm
(W/L)(W/L)PP = 2= 2 �� m/0.8m/0.8 �� mm

Withou t compensationWithou t compensation
X axis : 1000X axis : 1000 �� ss
ffMAXMAX = 2.5kHz= 2.5kHz

With compensationWith compensation
X axis : 40X axis : 40 �� ss
ffMAXMAX = 88kHz= 88kHz
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Power consumptionPower consumption
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Dynamic PowerDynamic Power
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Experimental resultsExperimental results
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Experimental Results  Experimental Results  –– INVERTER and NANDINVERTER and NAND--22

0.350.35µµm TSMCm TSMC
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INVERTER                                                       INVERTER                                                       NANDNAND--22

VDD=500mVVDD=400mV

VDD=300mV

VDD=250mV

Vi=VA VB=VDD

Vi=VA=VB
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ConclusionConclusion

••The operation of CMOS log ic circuits in conventional The operation of CMOS log ic circuits in conventional 
CMOS techno logy for supp ly voltage as low as 250mV CMOS techno logy for supp ly voltage as low as 250mV 
was shown.was shown.

Application : ULTRAApplication : ULTRA--LOW POWERLOW POWER--CMOSCMOS
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