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Why Worry about Energy?
q Portable devices

q How long will the battery last?
§ In standby mode
§ In active mode

q Will the chip overheat and self-destruct?
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Static and Dynamic Power
q Static power: power loss due to static current drawn 

from the power supply.

q Dynamic power: power loss due to the switching current 
required to charge and discharge capacitors.
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Energy Dissipation in MOSFET Gates
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First Example
q The power consumed by R

q The energy dissipated during time interval T
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Apply to Our Gate for Static Power
q When the gate is not switching
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Second Example
q Consider

q Find energy dissipated in each cycle.
q Find average power.
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Second Example
q During T1 :
S1 is closed and S2 is open.
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Total Energy Provided by Source During T1

q Energy stored on capacitor C

q Energy dissipated in R1
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Second Example
q During T2 :
S2 is closed and S1 is open.

q Initially,
§ Energy stored on capacitor is

q Assume
q Capacitor discharges more or less fully during T2.
q Energy dissipated in R2 during T2 is       
q E2 is also independent of R2. 11
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Putting the Two Together

q Total energy dissipated in each cycle

§ The energy dissipated in charging and discharging the capacitor 
C.

§ Assume C charges and discharges fully.

q The average power is
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Back to Our Inverter

q What is     with the following input pattern?
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C includes 
wire capacitance CW
and gate capacitance CGS of the 
following gates.
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Equivalent Circuit
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What is     for the Gate?

§ with 

q During active mode, the circuit consumes static power and 
dynamic power.

q The first term is called the static power dissipation.
§ In both standby mode and active mode.
§ Independent of frequency f.
§ The MOSFET is ON half of the time.

q The second term is called dynamic power dissipation.
§ Proportional to frequency f and capacitance C.

17

P

P = VS
2

2(RL + RON )
+CVS

2 f RL
2

(RL + RON )
2

RL >> RON

! ?

d
2 E

# % X - A&" a B
2

2 2

8-*-,. FG<*^,.

4B
`

&,<?



Some Numbers
q A chip with 5 million gates running at 3 GHz.
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How to Get Rid of Static Power Dissipation?
q Intuition:
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PMOS
q N-channel MOSFET (NMOS)

q P-channel MOSFET (PMOS)
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Consider This Circuit

q When      high, pull-up path should behave like open 
circuit. 21
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Behavior of the Circuit
q Input HIGH Input LOW

§ Assume

q Never a path from VS to ground.
q Called complementary MOS, ‘CMOS’ logic.
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Power
q Key: no path from VS to ground, no static power!
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Our Previous Example
q 5 million gates running at 3 GHz

§ With 

q Scaling up
§ Increase frequency and number of gates
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VS = 5 V, C =1 fF

# Gates f

100 MHz ~2.5 W

300 MHz ~15 W

600 MHz ~30 W

3 GHz ~375 W

3 GHz ~1875 W

P

106

2×106

2×106

5×106

25×106



How to Reduce Power
q Reduce VS.
q Turn OFF circuit and/or clock when not in use.

§ Sleep mode, clock gating.
q Change VS depending on need.
q Use multicore to reduce f without sacrificing speed of 

circuits.
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# Gates f

66 MHz 15 W Intel Pentium, 0.7 µm, 1993

400 MHz 35 W Intel PII, 0.35 µm, 1997

1 GHz 15 W Intel PIII, 0.18 µm, 1999

3 GHz 75 W Intel PIV, 0.13 µm, 2001

0.7 GHz 20 W Tilera 64-core, 90 nm, 2007

3.6 GHz 75 W Intel Nehalem, 8-core, 45 nm, 2011
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