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Why worry about energy?
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# Want to learn about.

# How long will the battery last? (1) in stand-by mode. (2) in active use.
# Will the chip overheat and self-destruct?
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Energy Dissipation in MOSFET Gatgs CAPT

# For the logic gate below:

Vs

R

°—| C=x= #
+
Vv, ’ C= (:\Mre + CGS

-

# Let us determine standby power and active use power.

® Let's work out a few related examples first.
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Example #1

#® The Circuit #1

» Power P.

V2
R
#® Energy dissipated intimeT.

P=VI
V2

E=VIT=—T
R
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Example #1

® Applying to our gate
Vs
RL

v, high oV,

o—0
RON
p-_Vs
RL + I:QON
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P=0
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Example #2 @ CAPT

® The Circuit #2 R,

v L

& >
< »

S, closed |S, open
S, open |S, closed

v
~

# Find energy dissipated in each cycle.

# Find average power P .
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Example #2 {

® During T;: S, closed, S, open.

—— A\ —
R1
Vi +
| C ==V
® AssumeVo=0att=0.
A VC 4 l
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Total energy
# Total energy provided by source during T;:
T, Ty/2 __ U 2
E:jvsidt :I S @ RCqt—— V5

» —CV; stored in capacitor.

® E=CV]-

1
2

1

CVS? — E
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CV¢ dissipated in R;.
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— Independent of R!!
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Example #2
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During T,: S, closed, S, open.

+
Ve —/=C R,

|
Initially, Vo = Vg (Recall T, >> R,C).

. . T PR
So, 1nitially, energy stored in capacitor 1s ECVS

Assume T, >> R,C.

Thus, capacitor discharges about fully in T,.

Thus, energy dissipated in R, during T, is E, = %CVS2 :
Both E;and E, are independent of R, and R;)!
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Example #2
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Putting the two periods, T, and T,, together.
We have energy dissipated in each cycle

E=E +E, :ECVS2 +%CV§

E is the energy dissipated in charging and discharging capacitor C.
Assumes C charges and discharges fully.

The average power 1s :

E B CVS2
! 1

Where f = = is the frequency.

P _CVZf
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Back to our inverter {

What is P for the following input? ¥ I
v[

¥ 3
v
F 3

N | N
N | N

v
A N

~

r=1

/
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Equivalent Circuit {

W

Vs

@
||
|

I
® Whatis P for the following input?

4

VN

¥ 3
v
F 3

N | N
N | N

v
A N

~

r=1

/
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W

RL V |
W VARG A
- p(t) = T
| R Ron
e —T L %RON T
w =" p(t)ct
o o V. R
# Thévenin equivalent circuit W = S T +CV¢ ;
R + Ry 2(R +Row)
RTH= RLHRON Ve
_
Vs R = i
() V=V + V-V e
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#® Energy dissipated in R,.

t R 2
- 2 L
Ve =V + (Vs Vo )(1—e RE) W2 = Vs 2(R, + Rpy )’

(VS —Ve (t))2
R

p(t) =
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What is P for gate?

P for gate is:
— W, +W & R’
P=—_2= 2 +CV¢ f =
T 2(R +Roy) (R +Ron)
Whan B >> D
VvV 1iivil 1 \L ~ 1 \ON
_ V2
P=—+ CVS2 f
2R,
=V o
The first term = S&ics — R is called static power dissipation

(independent of f). The MOSFET is ON half of the time.

The second term ﬁDynamiC

dissipation (proportional to f and C).

=CV¢ f is called dynamic power

Chapter 11 , EE2210 - Slide 15/25



CAPT

& Center for Advanced Power Technologies
* National Tsing Hua University, TATIWAN

Standby M ode

When R >> Ry
B 2
P=—3+CV_f

In standby mode, f — 0 and dynamic power is 0.

_ Vs%

Thus,  Ryinaby = R
L

From above, in standby mode, half the gates in a chip can be assumed
as be on.

Standby power and active power

_ _ \VA
P — PStandby + PActive — 2% T CV82 f
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Some numbers {
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# A chip with 10° gates clocking at 100 MHz.
® Assume C=1{F, R =10kQ, and V=5 V.

2

5:106><£VS +Cv§fj
2R,

5 Not bad,
5:106>{ : 4+1015><52><108j Reducing Vg
2x10 From 5to 1V

B Become 150 mW

P =10°x(1.25mW +2.5 W) _

P = Py + P =125 KW +2.5W

Active

Problem
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#® Intuition:

4 Vs
=X
v, high | ——ov,low V; low > MOSFET
v <§> RON _T_Off
\ idea!
T Vs
v, high ——o v, low
o——-0

=

Chapter 11, EE2210 - Slide 18/25




r\\-‘VV'/y\,’
P M O S 7 ‘- 11.
v ST &
2 \Z% gl & = -
LA & Center for Advanced Power Technologies
' <~ National Tsing Hua University, TATWAN

# P-channel MOSFET (PMOS)

S

on when v

G J off when v g
e.g. V,p=-1V

D J5V
ON when 0—0|

less than 4V _‘
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# (Consider this circuit:

Vs

S

PU = pull up

Vo

-
[l

® Works like an inverter!

IN—{>0— OUT

“ T

PD = pull down
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# (alled "CMOS logic" or Complementary MOS logic.- (Our previous
logic was called "NMOS")

TVS=5V Ve =5V

o—o0 o0—o0VYp

+
v, =5V R, oV

1 1

Vv, = 5V (input high) v, = OV (input low)
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Power of CMOS Logic
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1 [y,
e

# Since there are no path from VS to GND! Thus, there are no static power

dissipation!

# Let's compute P,

—
AI

> [

ctive or PDynamic
A
Vs
AV,
< T >
Vo
C P 1
I
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Power of CMOSLogic & CAPT
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closed for closed for
v; low v, high

X

RONP
)\ ke
T7 == —~ )

—_— C § I(ON”

# From previous discussion, we have PDynamic as:

P =CV2f

ynamic
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For our previous example

® A chip with 10° gates clocking at 100 MHz.
® Assume C=11{F, R =10kQ, and Vs=35 V.

__Gaes | 1 | P
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10° 100 MHz 25W
2x108 300 MHz 15W
2x106 600 MHz 30 W
8x10° 1.2 GHz 240 W
25%10° 3 GHz 1875 W
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How to reduce power?

Reduce Vg
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Turn off circuit when not in use (Sleep mode).
Change V¢ depending on need.

Use multicore to reduce f without sacrificing speed of the circuits.

Power Trends in Intel's Microprocessors

1000
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