|C Power Dissipation/Objectives

— Power Dissipation in Logic ICs
o static and dynamic power dissipation
* Input power
* Internal power
e drive power
* output power

— Effective cycle frequency for bitstreams
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|C Power Dissipation/General

o Power dissipation in alogic deviceisonly indirectly related to the typical

supply current specification on its data sheet (Pcc=V cc*Icc)
» Datasheet specs often ignore additional power dissipation occuring at

high speeds or high output loading

» Power dissipation categories of high-speed logic:

| nput power

Internal dissipation
Drive circuit dissipation
Output power

» Each categorie has two sub-categories
— static / quiescent (power used to hold acircuit in one logic state or the other)
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— dynamic (power used everytime alogic circuit changes state)
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|C Power Dissipation/Static

o Static power dissipation
— Power used to hold acircuit in one logic state or the other
— Depending on situation use
» maximum (worst case) power dissipation
Assumption that |C spends all itstime in worst case state
» average power dissipation
Assumption that | C spends equal time in either state
» weighted average power dissipation
Useful if statistical information on statesis available...

T Vcc

Mf

fclock

A
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|C Power Dissipation/Dynamic

Charging/discharging capacitors. Energy budget and power dissipation considerations

Dissipated in Rc per cycle Dissipated in Rd per cycle
1
ERCcharge - E C WCCZ ERddischarge = %C WCCZ

Note: Regardless of values of Rcand Rd !

<
)
')

Thermal energy in IC per cycle

. E, =CVcc

%) RC cycle

e : Averagel C Power Dissipation

2  Rd _ _

— —— I:)diss _ Ediss |:I:cycle =C WCCZ |:I:cycle

Cload Equationsvalid only if

*Cload fully charged from OV to Vcc

- o o] - >

*Cload fully discharged from Vcc to OV
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|C Power Dissipation/Dynamic

Charging/discharging capacitors. Energy budget and power dissipation considerations

Watch out: Situation changes considerably if load capacitance is

pre-charged...

T Vcc

A
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Py
o
- o o e o
O

Logic Device

Cload
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vc(t)

Dissi pated In Rc per chargecycle

1
RCeharge C |:G\/end start )

=_C[AV~®
2
Energy transferred into Cload

1
ECI oad ~ 2 C Vstart )

498, 6
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0 o
0

0, t
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|C Power Dissipation/Dynamic/Cross-Conduction

» Cross-Conduction common for totem-pole output stages

 During input transitions high-side and low-side switch of totem-pole
output conduct simultaneoudly

o Complex trade-off between speed, output impedance, supply voltage
range, etc.

 Particularly pronounced in bipolar TTL (saturated |low-side BJT)

» Adverse effect of dlow rise and fall times

Vcc
Ecross—conduction D VCC
|—0
}I I:)c:rosx—c:onduction i (fcycle’VCC)

Icc

Vin o—e Vo

Modern logic devices featuring
very low supply voltages can
even suffer from static cross-
conduction (significant sub-
threshold conduction)

|

e

—— Vin
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|C Power Dissipation/Dynamic

» Heat energy due to cross-conduction
E [1Vce

cross—conduction

» Heat energy due to charge/discharge of circuit capacitances
E [1Vec?

capacitive
* Dependency of dynamic power dissipation
P [ (\/(:(:1"2 f

dynamic ) cycle)
e moretypicaly...

denamic D 6/(:(:1.8’ 1ccycle)
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|C Power Dissipation/Input Power/Static

' _ 1 (Max) _ . (Mmax)
o Static Input Power

74 A0pA -1.6mA
— Required to bias and activate the input 74LS 20pA -0.4mA
circuits T4AS 20pA -0.5mA
— Often negligible (especialy for CMOS) 74ALS 20pA -100pA
74F 20pA -0.6mA

4000 +1uA +1pA

Vee 74AHC/HCT +1pA +1uA

5V 7TAACIACT +1pA +1uA

7AAHC/AHCT  +1pA +1uA

I
e

A
%JZ

B

TTL CMOS
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|C Power Dissipation/Input Power/Dynamic

L ogic Ci,
Family (8%9))

e Dynamic Input Power
— Dueto input capacitance
— Causes only negligible power
dissipation in input stage (i.e. causes
power dissipation in output stage of
driving circuit...)

>

— =
‘: e

- -
‘ e —e
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14AS

ECL

4000

T4HC/HCT

T4AC/IACT

74LCX

3.0pF

3.0pF

SpF

3.5pF

4.5pF

7pF
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|C Power Dissipation/Dissipation Constant

o Static and dynamic internal power dissipation
— Used to bias and switch nodes internal to alogic device (static and dynamic)

Power dissipation constant

Kdynamic — F?ntern;l B Pstatic {Kdynamit} = V\%—lz

cycle

« Knowning the power dissipation constant, the total internal power dissipation for
an arbitrary operating frequency can be approximated

» Does not include extra energy dissipated in the driver caused by a connected |oad!

P |

internal

=P

static

+K

dynamic cycle
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|C Power Dissipation/Dissipation Constant

o Static and dynamic internal power dissipation

« Some CMQOS circuits operate over awide range of supply voltages. Many
datasheets therefore rate their power dissipation in terms of an equivalent
capacitance Cy

P =P,

Internal

+C,, [Vcc? o e {Coo} =

atic

100

Example Parameter : 7212,
eFairchild 74HCO0 P
. 10 =
olcc=20uA (static) P_74HCO0 (f(f) ,21¥) 5
*\/cc=2V..6V M e A
.CPD:ZOpF P_74HC00 (f(fi),6V) ' 5 T =
m W T .//
R, 112
01
004001
1 10 10 110° 110" 110°
1 f(f) .100000,
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|C Power Dissipation/Driver Power/Static

o Static driver power dissipation
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— Power dissipation due to load (sink or source)
current and the residual voltage across the

conducting switch

P

driver,,,

P

driverygn

=V

ol

= (VCC _Voh) [I] oh‘

[

ol
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|C Power Dissipation/Driver Power/Static

* Equivalent driver output impedances and
maximum high/low state output currents

y

-0.4mA
-0.4mA
-2mA

74
74LS

74AS

74ALS

74F

4000
74HCIHCT
74ACIACT
74AHC/AHCT
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-0.4mA
-1mA
-0.4mA
-4mA
-24mA
-8mA

ol

16mA Rd _ =
river
8mA ow I

20mA

8mA _Mcc-V,,

ol

Vce

20mA Rdriverhi ah ‘ | ‘
0.4mA oh
AmA

24mA

8mA
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|C Power Dissipation/Driver Power/Dynamic

e Dynamic driver power dissipation due to Ve
— charge/discharge of load capacitances

| 1d | cload
cycle

=C . [Wcc? [F

R

rivery, load

C,0q IStypically the sum of input capacitances
of gatesdriven by the output.

] _Cload
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|C Power Dissipation/Output Power

e Output power dissipation
— mainly in termination resistors

Vcc Vcc

R1

2 2
D _ \V/ele: D _ 1 \V/e'e: Pmmage

CC )2
NG
Rl vorstcase Rl Rlver age 2 Rl Rl

Don’t under-estimate power dissipation in termination resistors! Use
ter mination resistor typeswhich can handle the power. Consider wor st
case conditionsfor each resistor.
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Bitstreams/Effective Cycle Frequency/M ax

» Worst case cycle

frequency of bitstreams 1s.tle
— Regular pattern QT) bitrate

— Onetransition per bit

TPeriodic Bitstream

b

D Q——

Periodic
Bitstream

—>
—

f —

cycle 2
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< 1bitrate = 1/fclock

<— lfcycle

bitrate  fclock

2

EE6471 (KR)

It takes two transitions (i.e. 2
bits) to complete acycle!
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Bitstreams/Effective Cycle Frequency/Average

o Averagecyclefrequency | lumui_ f
of arandom hitstreams e

Random
Bitstream

D Ql——

fclock

— Random pattern >
— 0.5 trangitions per bit bitrate F
(statistically)

TRandom Bitstreagm

1/bitrate = 1/fclock

- <— lffcycle,,

_ bitrate _ fclock

1ccycl g A A
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It takes two transitions to complete
acycle! On averageit will take 4
clock periods to complete acycle.
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|C Power Dissipation/Driver Power
T Vcc
Driver
fclock >D ? : |
q@ bitrate F | Cload

Mf

Worst case and average drive power dissipation:

Worstcase P

disswc

= %CI oad [Vcc? [bitrate

Average P, = %CI oad [Wcc? [hitrate

issavg
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Thermal s/Objectives

— Thermal Basics
e Modes of heat transfer
e Thermal modelling
— |1C Packaging
o Categories (PTH, SMT)
e Materials
 Electrical package modelling

— Measurement Techniques
« Scopes and scope probes

29/09/2005 EE6471 (KR)
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Thermals/Basics

— Exponential relationship between temperature
of adevice and itsfailure rate

— MTBF: Mean Time Between Failures

— Modes of heat transfer

e Conduction
Transfer through solid materia

e Convection
Transfer through a medium of fluid (air for our purposes)

e Radiation
Transfer of heat through EM waves

ArrheniusLaw for chemical processes near room temperature:
Failurerate of devices approx. doubleswith every 10°C increasein itstemperature...
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Thermag/IC Thermal Paths Junction-Ambient

Thermal arrangement:
Often complex pathes from heat source (e.g. power dissipation on an IC) to heat sink (e.g.
ambient).
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Thermalg/IC Thermal Paths Junction-A mbient

i Pdiss

Rth_chip_ambl

(direct convection)

e

Rth_chip_amb?2 Rth_chip

(radiation)

Rth_bond

Rth_pin

Rth_track

T

Rth_pcb

o

R T s T I

Rth_chip

Rth_bond

Rth_pin

Rth_track

Rth_pcb

e S N S

Tamb

Complex thermal networks
|dentification of significant thermal pathsis difficult. Quantification of thermal resistances even
more so. For proper analysis. Use appropriate SW tools (Thermal FEM Tools, e.g. Flotherm).

29/09/2005

Rth_pcb_amb

Rth_chip

Rth_bond

Rth_pin

Rth_track

Rth_pcb
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ATJ_Pin = I:)oliss |:IRth\]_Pin
AT; ap = Riss DRthJ_Amb
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Thermalg/IC Thermal Paths Junction-A mbient

e Highly simplified
— but often adequate for estimating the junction temperature

— Thermal resistances RthJC and/or RthJAmb specified in most IC
datasheets

Pdiss

T, =T + Py [Rthy

V=
OoO00000

TJ = Tamb T I:)diss |:GRI:hJC T RI:hCAmb)

RthCAmb
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Thermalg/IC Thermal Paths Junction-A mbient

130
Example Parameter ST

«Fairchild 74HC00 e
*RthJA=83.3K/W (dtill air) 120 —
eTambmax=85°C
*Pdmax=500mW (SO14)

110
Tj(P) /

K

) / .
” / /
85083, gp
0 100 200 300 400 500
1 P 500

Ty =Taw T Fiss [GRthJC T RthCAmb)
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Thermalg/IC Thermal Paths Junction-A mbient

Forced Air Convection:
Typical behavior thermal resistance versus air velocity in forced air convection:

In atypical system with forced air

RthJA convection:
100%-
m m
Nout heatsink Vajr — 05—2—
S S
50%- . . .
Air velocity often quoted in LFPM
(linear feet per minute)...
m
| | | | > V. 100 LFPM =0.5—
om/s 1m/s 2m/s 3m/s am/s 5m/s air S

(still
air)
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Thermalg/IC Thermal Paths Junction-A mbient

e Watch Ouit!

— Definition of ambient temperature Tamb
FY can be ambiguous (ambient temperature
ﬂﬂﬂﬂﬂﬂﬂﬂ of a system vslocal ambient of an

el ectronic sub-assembly)

RthJC — 1C manufacturers tend to specify
RthJAmb. Read the small-print!
RthJAmb is often specified using

RthCAmb unrealistically large copper areas around
thelC

— Always: Verify your thermal predictions
through thermal measurements!

» |R camera
» no-contact Laser thermometer
» thermo-couples
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