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Agenda

®m Design requirements

m Stratix® IV FPGAs: Highest
performance and lowest power
— Processing techniques
— Architectural innovations
— Quartus® Il software CAD system

® High-end FPGA competitive
comparison
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Design Requirements

LUl e What You Need From

Your FPGA Software

Designer Goals Need From
Your FPGA

m Ease of use
m Maximum utilization
m Low compile times

Functionality High density

m Detailed constraint entry
High m Powerful timing analysis tool

performance | m Optimization of all timing
requirements

Meet timing constraints

m Automatic power optimization

Meet power budget Low power )
P g P m Accurate power analysis/reports

Maximize performance and minimize power

f A\\l I:l = D A
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Stratix IV High-End FPGA Highlights



Stratix IV FPGAs

m Highest density
— Up to 680K LEs

— Up to 22.4-Mbits internal RAM 4

— Up to 1,360 18x18 multipliers

m Highest bandwidth and performance

— Up to 48 transceiver blocks operating
at up to 8.5 Gbps

— Maximum clock rates of 600 MHz
m Broad protocol support

— Including hard IP for PCI Express Gen1 and
Gen2

m | owest power

— 40-nm process benefits including
0.9-V core voltage

— Programmable Power Technology (PPT)
— Quartus Il PowerPlay technology
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Managing Performance and Power
Through Process Technology



40-nm Process

m Aggressive gate length

— Better density and higher speed
than 45 nm

m Second-generation strained
silicon
— Increases electron mobility by up to
30%

— Transistor level performance is up
to 40% higher

m Strained silicon benefit can be

converted to
— Higher speed

— Lower power (standby and dynamic)

Copyright © 2008 Altera Corporation

In 40 nm, Altera
converts benefits of
sftrain to lower power
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Leading Edge Process Technology at 40 nm

m Advanced 40-nm process at 0.9 V
— Lower voltage = reduces dynamic power by 33%
— 30% capacitance reduction - reduces dynamic power

— 39% shorter channel length compared to 65 nm >
increases performance

m Multiple-gate oxide thicknesses (triple oxide)
— Trade-off static power vs. speed per transistor

m Multiple-threshold voltages
— Trade-off static power vs. speed per transistor

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

m Super strained silicon
— Increases electron and hole mobility by 30%

— Balance between power and performance

m Copper interconnect
— Increased performance, reduced IR drop

Best-in-class process for power and performance

f A‘\l U ==/
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Architecture Innovation:
Better Performance, Reduced Power



Design-Specific Power Optimization

® Only a small fraction of logic is performance critical

Slack Histogram

8,000 Not performance critical Performance

7.000 | critical
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Number of connections

Slack %
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Programmable Speed vs. Leakage

— 0

4

"Ll High speed (HS)

()l]\R] US"I1I

i Low power (LP)

| - <QV

Low power

High speed

VBody

Note: A simple “model” showing Programmable Power Technology. Actual implementation varies and is patented.
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Programmable Power Technology

Logic array

Timing critical
path

High-speed logic /

Low-power logic 4l

Unused low-power logic 407

Performance where you need it,
lowest power everywhere else

m I:' = D%
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Quartus Il Software Automatically Uses PPT

m

Placement and routing

Unused tiles - low power

Timing analysis

Tiles with timing slack
-> low power

—
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All high-speed tiles

Mostly low-power tiles
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Stratix IV FPGA DDR3 Support

Dynamic
on-chip
termination

Programmable
drive strength
and slew rate
control

DQ Hard IO

Variable delay __ | “f

for dynamic trace
compensation

Read

Read and write leveling and resynchronization capability

Stratix IV .

Dynamic On-Chip
Termination (OCT)

DDR3 Read/Write
Leveling

Variable I/0 Delay

v

Saves power

Required for
DIMM support

Allows signal
de-skew

Copyright © 2008 Altera Corporation

DDR3 >533I\I,\Illbl-ILzs/ 1067
DDR2 400I\I,\IIIbI-ILzs/800
QDRI 350 MHz
QDR I+ 400 MHz
RLDRAM II 400 MHz
LVDS 1.60 Gbps

DDR3 DIMM support
at 533 MHz through
read/write leveling
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Dynamic OCT

m Write: Rs on, Rt off » Matching line impedance

mRead: Rs off, Rt on — Terminating far end

Write

Stratix IV FPGA Memory chip

Copyright © 2008 Altera Corporation

Read

Stratix IV FPGA Memory chip
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Power Reduction with DDR3
and Dynamic OCT

® DDR3 consumes 30% lower power than DDR2
— DDR2 requires 1.8-V VCC rails
— DDRS3 requires 1.5-V VCC rails

® Dynamic OCT reduces termination power by 1 W/72-
bits

Save 1.9W per 72-bit DIMM at 1067 Mbps

AITERAN
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Stratix IV GX Embedded Transceivers

PCS (digital)
RX PCS bypass

PMA (analog) PIPE, PCle hard IP
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m Up to 48 transceivers

- 3G, 6G, and 8G channels 3.125 Gbps 100 mW
m Comprehensive protocol 6.375 Gbps 135 mW
support 8.5 Gbps 165 mW

Data Rate

Transceiver Power

Highest system bandwidth and power efficiency
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Slide 17

AU61 In figure (which I can't change), please change the following:
Delete extra "c" in TX phase compensation... box.

Change 8b / 10b to 8B/10B
Altera User, 24/06/2008



Complete PCI Express Solutlon (Hard IP)

Non PCl Express lications

PLD
Fabric __ SoftIPPCIExpress Protocol Stack
Logic 2 Transaction  Datalink | PHYMAC
€=  Layer ™= Layer F Layer Legend
# Transaction TL Bypass Hard IP Soft Logic
User Layer over Hard IP | Bypass
Application PCI Express Hard IP
PCS/PMA
Data PHY
| Transaction Link Layer ; MAC
Layer

PCS: Physical Coding Sublayer
Hard IP PCI Express Block | [ivrenbinrvsm iy yrasrae

Gen1 and Gen2 hard IP

protocol stack (x2, x4, and x8) PCI Express Gen2
— Guaranteed timing closure e X8 x4
— Low latency .
e Bandwidth 40 Gbps | 20 Gbps 10 Gbps
— Minimizes power
— Saves |OgiC and memory Dynamic Power 600 mW 440 mW 350 mW
— No IP fee

Integrated Gen1/Gen2 support
= D
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Quartus Il Software CAD Takes Full
Advantage Of Silicon



Timing Analysis and Closure

m Easy to use
_ E nter CO nstrai ntS Vi a SCl’i pt Ol’ G U I ©_ Quartus Il TimeQuest Timing Analyzer - C:foliver/chiptrip_sdc/sta_rev - sta_rev

File Edit Wew Hetlist Constraints Reports Script  Window He\p

— Extensive reports and visualization e

B SDCFile: sta_rev.sde

® Powerful timing constraints 8 ot cpe L e Bl |

=
o T ——

S S S n Boomy 0000 | 39RTR-E3EREEpO3ShESERMICfZEigzE
_ e y aX ------- urnmary L B = B~ O O e T = =S e B B e =

....... Path #1: Slack is -1.433 MIOLATED] — bl il S e R R e e
»lfPalMZ Slack is -1.480 [VIOLATED] Slack

— Complex clocking schemes | - 5 For Sk 17 LT

------ lf Path #4: Slack iz -1.473 (VIOLATED] Path #1: Slack is -1.493 (VIDLATED)

— So u rce_syn Ch ronous des | g n L mﬁ Palh 4, Slack s 1472 VOLATED] V SLACK: 1493 s (VIOLATED)

H W @7 Open Project... A
m Complete analysis B e

— Rise/fall delays % T Ui g i oS0

5

E

Path Delay Stats

Type [Delay (psi]
I [547] (21%)
Cell[1952) (78%)

|6 Data Required Time 3600
O . . . . 3 Repotts |7 Slack 1.493 MOLATED) 3
— —d / B3] Individual Reports .
n-die variation (min/max) o - ,
Y+Aar mandAale E8 Feport Hold Sunmay Totd |l BT Faout  |Local Element s
- J Itter m Od e | S ...... £5 Report Recovery Summary _LDE;D 'D'EIDD i il B \ajr?linadga =

. NI EINAA A NN % EEDDH E‘emfvaISUmmary 12500 2500 R clock network delay y
— Multiple corners (3 for Stratix IV FPGAS) Bl e 0 e G0 el s

------ % Fiepart Minimum Pulse Width

d Path
. Acc u rate d e I ays ...... o Fopot o0 Daq""’ - RF Type Faniout Location Element 5 I

------ % Report Unconstiained Paths |
1600|1600 Iateh edge fime

B3 Custom Reports
1,600 |0.000 H clock network delay

— Full non-linear circuit simulator | 2 T g ww
—  Within 1% of SPICE, but 10,000 times Baie ;22iﬁ”?é%ﬁ?iila??’”iéiiﬁ“ﬂ;s?Zi.;k1-5 -
faster H»&/ |
—  Complex end-of-life effects modeled
m Full optimization
— Optimize all timing constraints
— Across all process corners

JARTERA
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Power: Analysis and Optimization

Speed M
Area M
Power 41

Constraints

Accurate power modeling
MPhysics-based models

Synthesis BProven methodology and
.. correlation
Optimize power ¥
PowerPlay
a%‘;‘l"\';;r Accurate modeling enables

good optimization
M Routing, logic, RAM, static

Place and route

Optimize power 4

AITERAN
i Power-gptimized
| ™ design ¥

AITERAN
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Dynamic Power Optimization

E 40% - On average,
= 15%

£ 35% - dynamic
3 power
= 30% - reduction
=

o 25%

: Extra effort

O 20% -

©

=

g 15% -

S 10% -

o

o

O 5% -

g Normal effort

: Oo/o rrrrrrrrrrrrrrrrvrrrrrrrrirrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnrod
>

A

1 5§ 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

Design
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Higher Productivity Through
Lower Compile Times

Problem:

— FPGA capacity outpacing CPUs

— 68x FPGA logic
— 16x CPU speed
- 4.3xgap
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Relative Compile Time (Log scale)

B Solution

— Faster algorithms

— Parallel code
— Incremental compile

Quartus Il Compilation Time History

100% Stratix

A

75% :
QA=

41l
o
S

Stratix
\-\.\

25%

Stratix Il w/

I
N\QIl 6.1
b
e
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Parallel (
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atix 111

Qll 8.(
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Sownpile

Jan-03 Jan-04 Jan-05 Jan-06 Jan-07 Jan-08
Quartus Il Version
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Competitive Comparison

Stratix IV FPGAs and
Virtex-5 FPGAS



Stratix IV FPGA Power Saving
Techniques

Power Minimizing Stratix IV Virtex-5
Technique FPGAs FPGAs

Silicon process optimizations v v
Programmable power technology v x
DDR3 with dynamic OCT 4 x
PCI Express Gen2 hard IP v x
Software static power optimization v x

JARTERAY
Lopyright © 2008 Altera Corporation =N ®




Static Power Comparison

6.000 -

Virtex-5 LX
Fast/Medium
_ 5.000
S |
S 4.000 Virtex-5 LX
= (Slow)
8
o Stratix IV E Family
% 2 000 - (Typical Design)
1.000 -
0.000 a ‘ w : w :
0 100000 200000 300000 400000 500000 600000 700000

Logic elements

Stratix IV FPGAs double the density
AND minimize static power

JALTERA
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PCI Express Hard IP Minimizes Core

Power

50%
Less Power

Power

Assumptions:

Altera: Hard IP in Gen2 x4

configuration

Xilinx: Soft IP with bandwidth
equivalent to Gen2 x4 derived
using resource count from Xilinx

CoreGen and XPE v10.1

Conditions: Toggle Rate = 20%

Xilinx’s PCle soft IP Altera’s PCle hard IP

FPGA industry’s lowest power

PCI Express solution

Copyright © 2008 Altera Corporation
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Save Multiple Watts/Device (300K LEs)

16 -

-
i =N
1

29%
Less power 45%

—
N
1

Less power

-—
o
1

50%
Less power

Total Core Power (W)
0

XCEVILX330T EP3SL340 (1.1V) EP3SL340 (0.9V) EP4SGX360
Device

Reduce power consumption by 50%

JARTERA
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H

dden Costs

36%
Savings 46%
Savings

57%
Savings

- - S - SR - S
W I a o N ©
o o o o o o
o o o o o o
S S S S S S

$20.00
$10.00
$0.000 - | ‘
XC5VLX330T EP3SL340 (1.1V) EP3SL340 (0.9V) EP4SGX360
Device

Build of material (BOM) cost per device

B PCB Cost [ Cost for Caps [] Cost for Heatsink and Fan

Reduce hidden costs with Stratix IV FPGAs
by 57% per device!

JALTERA
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Core Performance

2.10 N
200 Conditions
' *Best effort (Xplorer, DSE, and seed sweep)
1.90 *Fastest speed grade
1 g0 Quartus Il software version 8.0 and ISE 10.1i
% *Real customer designs
o9 170
e —
© 2 1.60 -
X2 150 _
= »¢ Stratix IV FPGAs
™ - 1.40 are on average 35% faster
E IIIIIIIIIIIIIIIIIIIIIIIIIIIIII
= 1.30
({p)
1.20

IStratix IV advantage

1Virtex-5 advantage

On average, Stratix IV FPGAs are 35% faster
than Virtex-5 FPGAs

AITERAN
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Stratix IV FPGAs: Unprecedented

Core Performance

1.80

B Stratix IV FPGAs
1.60 | B Virtex-5 FPGAs

1.40
1.20
1.00
0.80
0.60
0.40

0.20

Relative FPGA core performance

0.00
Slow

Medium Fast

Achieve higher performance and lower costs
with Stratix IV FPGAs

Copyright © 2008 Altera Corporation
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Stratix IV FPGAs: Unprecedented I/O
Performance

Virtex-5 FPGAs Stratix IV FPGAs
Interconnect (65 nm) (40 nm)
DDR2 400+ MHz
DDR3 No DIMM support 533 MHz
QDR || 350 MHz
QDR I+ No DIMM support 400 MHz
RLDRAM Il 300 MHz 400 MHz
LVDS 1.25 Gbps 1.6 Gbps
Transceivers 3G, 6G 3G, 6G, 8G
PCI-Express Hard IP x8 40G

Higher bandwidth with Stratix IV FPGAs

f A\\l I:l = D A
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Summary

m Highest bandwidth and performance

Stratix IV FPGAs — Core clock speec_is of 600 MHz |
— Up to 48 transceiver blocks operating
at up to 8.5 Gbps

— DDR3 at 1067 Mbps
— LVDS at 1.6 Gbps
40-nm and — Quartus Il software performance optimization
m Lowest power
— 0.9-V core voltage on an optimal 40-nm process
innovations — Programmable Power Technology
— Lowest transceiver power
— DDRS with dynamic OCT

— Integration of hard IP for PCI Express Gen1 and
Gen2

— Quartus Il PowerPlay technology

architectural

Highest system bandwidth and power efficiency

m U = 02&
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Resources

m Visit Stratix IV FPGA power web page

— http://www.altera.com/products/devices/stratix-fpgas/stratix-
lv/overview/power/stxiv-power.html

m Visit Stratix IV FPGA performance web page

— http://www.altera.com/products/devices/stratix-fpgas/stratix-
iv/overview/performance/stxiv-performance.html

m See Stratix IV FPGA transceiver (8G) and LVDS (1.5 Gbps) demos
— http://www.altera.com/b/40-nm-stratix-iv-video.html
® Download Stratix IV FPGA power white paper

— http://www.altera.com/literature/wp/wp-01059-stratix-iv-40nm-power-
management.pdf

m Siratix IV EPE — power estimation spreadsheet
— http://www.altera.com/support/devices/estimator/pow-powerplay.jsp
m See what Programmable Power Technology did for Stratix Ill FPGAs

— http://www.altera.com/products/devices/stratix-fpgas/stratix-
lli/overview/power/st3-power.html

m U = D&
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Additional Resources

m How Altera performs FPGA benchmarks

— http://www.altera.com/literature/wp/wpfpgapbm.pdf

m Guidance on accurately benchmarking FPGAs white paper
— http://www.altera.com/literature/wp/wp-01040.pdf

m Reproduce results through open cores

— http://www.altera.com/products/devices/stratix-fpgas/stratix-
lii/overview/architecture/performance/st3-opencores.html

Copyright © 2008 Altera Corporation @I tl
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Thank You!

For more information visit:
www.altera.com



