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Applications Demand Lower Power

Low-End High-End
Applications Applications
Example: Example:
* Portable media players « Core routers
* Modems and customer’s « Backplanes
premises equipment (CPE)

] _ * High-performance digital
* Software-defined radio signal processing (DSP)

 Battery operated
* Form factor restrictions
» Operating conditions

* High performance
* New process nodes
» Operating conditions




Power in PLDs

Current

- [ I

Power Up Static Operating Power
(Dynamic + I/O + Static)




Operating Power

Analysis of 99 User Designs

B Core dynamic
B Core static
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Power in Low-End Applications
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Low-End Applications

B Meet customer performance and power/thermal
requirements simultaneously

B Eliminate or reduce cost of cooling systems

B Enable operation in thermally challenged and
space-constrained environments

— Airplane cockpits, software-defined radios
B Extend battery life for portable applications




Portable Applications

Point of Sale Everything wireless
B Scanners B Bluetooth
B RF identification ey W Wireless fidelity
device (RF|D) 02 ; AT T (WIFI)
B Tax collection LEL .77 W 802.11x
M Credit checks B Headphones
B ATM PIN terminal B Camera
B Game controllers
OS processor Sensors
B [ndustrial PDA o= - B Gas
M Test equme_nt N 5 [ Temp_eratu_re_:
B Remote terminal B Machine-vision
B GPS B |ocation/GPS
M Portable media player B RF signal
H RFID




Portable Applications and Requirements
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High 1/0O ngh

Consumer handheld

(Educational toys and portable media players)

Handheld instrumentation

(Bar code scanners and handheld testers)

Industrial computer

(Meter readers and industrial PDAS)

Industrial cameras

(Camera modules)

Wireless and wireline
(Optical modules and PCMCIA express cards)
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Portable Design Challenges

Cost

» System integration
* Power ralils

Power Size

» Board space

- Battery life




. ow-Power Considerations

B Reduce power consumption in devices

— How portable, consumer products designers
model power consumption

— Using this model to evaluate CPLDs
B Manage power for entire system
— Self power down

— Auto power up
— Power management




Power Consumption Model

Dynamic power

Active Part is being used S
Application dependent
Part is powered, but not Static |-, but only valid if no
Standby . : e
being used inputs are switching
Sl_eep/ Inac_tlve, but_retalns <50 -100 UA
Hibernate information

Off Powered off Zero power




Static I~ Is Difficult to Achieve

M Low static |-~ depends on:
— Small density: limits PLD usefulness

— Quiescent I/Os: but “don’t care” inputs are
often toggling

B Customers prefer to power off the device
when not used




Off Mode Constraints

B CPLD core and I/O can be powered off
and on in any seguence

— Outputs must not affect the system
operation

B \When CPLD Is powered off, inputs can
be driven with

— No damage to part
— No power consumption




MAX® Il CPLDs in Off Mode

B No power sequence requirements

— Qutputs: stable and do not affect the rest of
the system

B \Well-behaved I/O

— Active Inputs: no damage
— Active Inputs: no power consumption




Dynamic Operation Power Consumption
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= MAX Il Consumes/

d — 85% Lower Power—" /
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Total System
Power Saving

1001
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Total VC¢ 7 + Vecio Power (mW)

EPM240G at 1.8 V
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CPLD Power-Down Mode

B Auto power down and instant-on (300 us)
B [nternal oscillator makes system self contained

B Hot socket + power down mode
— OK to drive CPLD I/Os: no damage and no power consumption

B Concept can be expanded to overall system power management

Altera MAX II CPLD

Users Custom
Logic

AA AA

MOSFET, B
Capacitor,
_ 2x Diodes &
Portable Equipment 3x Resistors Oscillator

Power Supply User Inputs
Discrete Circui

Ol



MAX |l Power-Down Mode Design

B Application note and design files
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Auto Power Up

B Extends MAX I Lo o %Rz e
CPLDs to include y
auto power up e ¥ 855 wnets
(APU) 88

Other
Components

R3

EPM570-T100
3.3K

C1
I 0.1uF
VCC 9, 13, 31, 39, 45,
59, 63, 80, 88, 94

PWR

=
B Numerous cunce G

applications S o couner [ | |

. . Save
- Self_optlmlzed 10&%1 Ei:ﬂD Q QO CHG —

power Sk

management CN‘L_@ o PWR |+
10uF T D Enable

— Multiple input | one ™™
power up o e
— Periodic status |
checks eader 4.4MHz GND 10, 11, 32, 37, 46, 60,

JTAG 22, 23, 24, 25 65, 79, 90, 93




Controlling System Power

B Extend MAX I 0 ]LD
O
power-down %ngK — 2XAA Regulator
design to include [ _cl Ek_:,ower
wer Vout i
complete system Pover | L Rail N
pOweI’ rzg\illv;r
management o1
1N914 R
B MAX Il CPLD iIs '>—>|—3-T~/W\-<' User's
always the first to 43 > Custom I
power up and the o Management
last to power D2 o - -> _ Counter State Machine
dOWﬂ 1N914 10K Oscillator R
. D 44Mm 4
43 1 aamnf [9EN_COTT
) PWR DWN MAX I
}— JTAG CPLD
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Factors Affecting Power

B New process technologies
— Voltage and dimension scaling
— Silicon characteristic changes
— Novel materials used

B Higher performance and higher density
— Affects dynamic power

— Process changes
— Geometry shrink




Power Challenge

Power

Add
Performance

Double
Power

h Performance Improvement

Power Ceiling

Max 90 nm

1.5M Gates

Power limitations for apg
while. sg



Leading Edge Process Technology

Process or Design Technology | When Altera Benefit
Introduced

All Copper Routing 180nm Increased performance

Low-K Dielectric 130nm Increased performance
Reduced power

Multi-Threshold Transistors 90nm Reduced power

Variable Gate-Length 90nm Reduced power

Transistors

Triple Gate Oxide 65nm Reduced power

Super-thin Gate Oxide 65nm Increased performas

Strained Silicon 65nm




Leading-Edge Process Technology

Increased Performance, Reduced Power
B Advanced 65-nm process
— 15% capacitance reduction - reduces dynamic power 15%

B Strained silicon
— Increased performance

B Multiple-gate oxide thicknesses (triple oxide)
— Tradeoff: power vs. speed per transistor

B Multiple-threshold voltages
— Tradeoff: power vs. speed per transistor

B Low-k inter-metal dielectric
— Reduces dynamic power, increases performance

B Copper interconnect
— Increased performance, reduced IR drop




Altera at 65 nm

B Maximum performance with minimum power
— Innovative architecture and circuit technigues
— The latest process optimizations
— Integrated software solutions

B Customers get:

— Performance they need with the minimum power

— High productivity with automated tools that meet target
performance and minimize power




Industry-Leading Low-Power Technology

Lower Lower
Stratix® Ill Power Reduction Technique Static Dynamic
Power Power

Silicon Process Optimizations v v
Programmable Power Technology v v
Selectable Core Voltage (0.9 V or 1.1 V) v v
Quartus® Il PowerPlay Power Optimization v

Stratix Ill FPGAs Are the Lowest
Power High-End FPGAs Availal




Individual Block Optimization

M All core blocks completely redesigned for 65-
nm process AND power reduction

— Adaptive logic module (ALM), memories, DSP,
CRAM, etc.

B Every mode of operation is optimized for:
— AC: Least amount of switching activity
— DC: Low-power mode setting for all unused circuitry

B Combined hardware hooks and Quartus Il
software intelligence to achieve power
savings

NA N | ~



Dynamic Power

B Process reduction reduces capacitance and

voltage 1 =

Pdynamic = E CV*+ QShortCirCliltV f- aCtiVity

/ Percentage of circuit

Capacitance charging that switches
each cycle

Short circuit charge
during switching




15% Reduced Capacitance

m 15% power reduction proportional to reduction
In capacitance
B Source of lower capacitance

— Process scaling
— Design improvements




Power Challenge

Power

Add
Performance

Double
Power

h Performance Improvement

Power Ceiling

Max. 90 nm {-------mmmmmmmeeeee e T | Stratix Il

| » Density
1.5M Gates 3.0M Gates

Stratix Ill FPGAs Cut Power
by 50% vs. 90 nm




Selectable Core Voltage

B User selects core voltage operation

- 09V*orl.1V
Dynamic Power Static Power Reduction***
1.1V 16% 20%
0.9V 44% 51%

* 0.9 V requires an additional power supply
** Dynamic power decreases by square of voltage reduction
*** Static power decreases by 72.5 of voltage reduction




Core Voltage Component

120% -

100%

80% -

60% -

40% -

Relative Power

36%
20% -

0% | |
1.2 1.1 1.0 0.9 0.8

Core Voltage (V)




Design-Specific Power Optimization

B Only a small proportion of logic is performance-critical

Low Performance High Performance
Requirements Requirements

\ Slack Histogram




Programmable Power Technology

B Block-level adjustments lower total power
consumption

— Automatically programmed via Quartus |l software
based on design’s performance requirements

B Puts the performance where you need it
— Minimizes power everywhere else
B Patented techniques exclusively used by Altera

Reduces Power Without
Impacting Performance




Programmable Power Technology

Logic Array

High-Speed Logic /

Low-Power Logic 4

Unused Low-Power Logic &0 _#

Performance Where You Need It,
Lowest Power Everywhere Else




High-Speed vs. Low-Power Logic

High-Speed Logic Ratio Decreases
with Reduced System Performance
Requirements

High-Speed Logic

1 6 11 16 21 26 31 36 41 46 51 56 61 66 71
71 Customer Designs*

*All designs compiled.fc




High-Resolution Power Control

NEERNEEENNEENNEENNEEENEN EP3SL340 has 13,500 LABs
ENNNEREEEER

2 for very high-resolution
power/performance
optimization

Only small %
of LABs need
to be fast to
maintain the
system
performance

Speed of the Fastest LABs,
Power of the Slowest



Designing for Power
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Designing For Power

B Need to plan for power right from the beginning
of the design

— Cannot wait until board bring-up

B Design tools available for managing power in
FPGAS

— PowerPlay Analyzer

B Power-based design optimization possible
PowerPlay Advisor




Automated Power Optimization

Speed
Area
Power A4

Constraints

Place and Route

PowerPlay

Power Analyzer

Power-Optimized Design M




PowerPlay Power Analysis Tools

Higher Early Power Estimator | Quartus |l Power Analyzer

Spreadsheets I

| Simulation
Results

Place & Route
Results

Quartus Il
Design
Profile

Estimation Accuracy

User Input :

|
“— Design Concept— ;" Design Implementatlon—’

PowerPlay Analysis Inputs ngher




PowerPlay Early Power Estimator

B Quartus Il software generates file and macro to import into web-based
Excel spreadsheet

B Can estimate performance for partially complete designs
— User can modify number of logic elements (LES), etc. in Excel

— Computes power as a function of number of LEs, I/Os, clock frequencies,
activities, etc.

uuuuuuuuu - topmult

PowerPlay Early Power [
Estimator spreadsheet [ Sa st g
imports text file. i ‘

Set as Top-level Entity.  Ghd+Shifk+d

—

rrrrrrrrr

Quartus Il software generates
Power Estimator text file.




- PowerPlay Power Analyzer
:

~» PowerPlay Power Analyzer Tool =1 :

e =&/ PowerPlay Power Analyzer

¥ Use input file to initialize toggle rates and static probabiities during power analysis | | | e @E Summary

i \S,is:,a:,,:cw - :mher'sar j """ &8 Operating Conditions Used
RTL or Timin g : — 1| | S Thermal Power Dissipation by Block Type
Simulation (VCD¥) e I BB Thermal Power Disspaton by Herarchy
OutpL fils name: finet_outsat =] EI@@ Power Drawn from Yoltage Supplies
— Disfault toggle rates for unspecified signal """ @% Summary
PR DA T |l [ = @GR VCCIO Supply Power Drawn by 1/0 Bank
Fgfa“: e e - S VCCIO Supply Power Drawn by Voltage
- & Ussvestorless sstimation [ |- S Confidence Metric Detais
Default Node Activity Bl I S Signdl Activities
o — &L Messages
B Start o Stop & Report

Operating T

Conditions \\8 Power models

*Place-and-route results
cuartusIl e\ectorless activity rates

Analyze Power

*VCD: Vector Change Descripti J— s




PowerPlay Power Optimization

Automatic, Requires
but less Vectorless RTL testbench,
accurate Estimation Simulation more accurate
v
o Power-Driven
Normal y P Synthesis

or 4 3
Extra Effort _ _
Power-Driven Fit

Gate-Level Simulation Hardware
+ Power Analyzer Measurement

e ‘ﬁh N
Power Rep0rt




Power Optimization Advisor

Quartus Il - C:/oliver/opencore/pcilpcilappsic
'»'.! Eﬁit V\HM Project  Assignments Pm:-:;ilngr 1
O || & 5w~ o N2 [T

Project Navigator six @
Eniity ALUT: d
- Ay Statix |I; EP2560F1020C3 i

[~ ][=]B%)
- - X

wWindow Help

EDA Simulation Tool >
Run EDA Timing Analysis Tool

e b ssvga_top:CAT 233(3)
i it pel_biidge32: bridge. 2623
i CRTC_IDB:et_out_reg  |1(1) 5

settings and design Il

i )
Hierarchy | B Files | ¥ Design Units

Launch Software Debugger Ctrl+Shift+D

5
ull Version

ﬁ-’ Launch Design Space Explorer

Compiler Tool

&% Simulator Tool

g Timing analyzer Tool
Advanced List Paths

Status -

changes to minimize [

Fitter
Assemblor
Timing Analyzer

power

B B2 Info: Running Quartus || EDA Netlist Wilter 4
- ‘B2 Info: Command. quartus_eds —read_settings_lile:
¥ “E2 Info Quartus || EDA Netlist Writer was successhy
&2 Info Quartus Il Full Compilation was successful 1

% PowerPlay Power analyzer Tool

@,. Resource Optimization advisor

"5-)0 Timing Optimization Advisor

? Power Optimization Advisor

Power Qptimization Advisor Clock Enal n Logic

L) How bo use the Power Optimizatic i _ _ i i
;J eneral Recommendations Recormmendation | Whenever logic iz not used on a significant fraction of clock cycles, specify a clock

e ot ) enable in your dezsign HOL, schematic or megafunction instantiations so that the

5 ﬁg; the P Blaw P A appropriate registers are shut down on these cycles.

i un the PowerPlay Power An.

H;) Appropriate Device Family Drezcription Uszing a clock enable to shut down registers reduces power even when the data input 2
E|_'_\, Dynamic Power to those registers iz not changing on a given clock cecle, since the portion of a clock,

) ) ) ingide the LAE or DSP block iz shut down by the enable, and hence clock power is
ﬁ Power-Driven Synthesis reduced by clock enables.
A7 Design Space Explorer b are Info

Sy Minimum Area Synthesis
S WYSTWYS primitive remar
[ &2 Static Power

I'_—'I?.J Stage 2

L) Appropriate I/O Standards

w] IJse RAM Blocks Action Winibe pour Hardware Description Language [or ather design entry format] code such
_____ f';;‘ Shut Down FLAM Blacks that clock enables are used whenever appropriate on registers.
4

Surmmary The following areas will be affected by the recommended changes:
= Delay iz unaffected [fmax iz unaffected)

= Logic element uzage iz unaffected

= Compilation time iz unaffected




Conclusion

B Power optimization and power management Is
becoming a critical aspect of system design

B Stratix Il FPGAs provide innovative
programmable power technology for power
optimization

B [ndustry leading PowerPlay tools from Altera
enable optimum power




Thank You
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