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This document provides recommendations and guidelines for power
management system design in systems featuring Altera Stratix® I11
FPGAs. To help you design a proper power solution for your system, this
document focuses on the areas and design flow shown in Figure 1.

Figure 1. Power Management Design Flow

Cost, Size, and Efficiency Tradeoffs

Determining Power Management Specifications for Selected ICs

Choosing a Power Distribution Architecture

Creating a Power Budget Spreadsheet

Complying with Thermal and Signal Integrity Requirements

Defining PCB Layout and Voltage Regulator Selection

There are many application-specific aspects to consider when powering
digital I1Cs, such as DC tolerance, system sequencing, and transient
requirements. In addition, other concerns such as system cost, PCB real
estate, and efficiency play a crucial role in defining the final power
solution.

This design example sequences through the design flow, as shown in
Figure 1. For this design example, an analog to digital converter (ADC)
and Memory IC will be integrated with a Stratix 11l device, as shown in
Figure 2. Note that this is not a reference design and the final solution
only exhibits one of the many possible power solutions for the
application.
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Cost, Size, and
Efficiency
Trade-offs

Figure 2. Selected ICs

Memory ADC

After designing an architecture for the basic blocks of your system, the
first step you should take in designing your power solution is to define
your PCB dimensions. The key considerations for your power solution
should include:

m Cost
m  Size or real estate
m  Efficiency

Different end markets place varying weights on these solutions, which
makes it impossible to have a single solution that fits all needs. You must
evaluate each of these factors carefully at the start of your design to create
the right power solution for your specific system.

Cost and Real Estate

The importance of cost and real estate varies within different market
segments. One market segment may value cost over real estate, or vice
versa, for their system, while another may value cost and real estate as
equals. For example, most medical markets favor real estate savings over
cost, while wireless markets favor cost over real estate. Most server and
computer markets value the two equally.
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Efficiency

Efficiency of your power solution is primarily dependent on the voltage
regulator, and is defined as the output power divided by the input power.
Systems such as cellular base stations, servers, and any system that
requires batteries are typically very concerned about efficiency. If
efficiency is critical to your system, you should take into account the
following considerations:

m  Type of cooling system on the application. The better the cooling
system, the more efficient it is.

m  Amount of wattage available as power budget for the board. The
lower the efficiency, the more power is dissipated by the voltage
regulator circuitry.

The type of efficiency requirement needed dictates the type of voltage

regulator circuitry to use. There are two different voltage regulators

available on the market:

m  Switching regulators

This type of regulator has a higher efficiency, generally above 90%.

However, efficiency drops sharply with higher temperatures, the rate of

which depends on the manufacturer.

m  Linear regulators

The efficiency of linear regulators is o/ Vi FOr example, if Vg1 is 1.5V
and V;, is 3.3V, efficiency is very low, and equals 45.5%.

Refer to Table 1 for variation in efficiency with change in V,,;and V.

Table 1. Variation in Efficiency with Change in V,; and V;, (Part 1 of 2)

Vin
Vout

12v 5V 3.3V
5V 93% — —
33V 91% 95% —
25V 89% 93% 94%
23V 88% 91% 92%
18V 87% 90% 91%
15V 86% 89% 90%
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Determining
Power
Management
Specifications
for Selected ICs

Table 1. Variation in Efficiency with Change in V,; and V;, (Part 2 of 2)

Vin
Vout
12V 5V 3.3V
1.2V 84% 87% 88%
1.0V —_ 85% 87%

You must decide the most important parameter for your application. For
this design example, the focus is on efficiency and cost over real estate.
The overall goal of this power solution is to have a low power dissipation,
which requires high efficiency at a reasonable cost. This plays an
important role in determining the power architecture and what types of
voltage regulators are selected.

In addition to cost, size, and efficiency considerations, your power
solution is highly dependent on the circuitry being powered as well as the
sequencing and start-up requirements of those devices.

The majority of electronic systems are a mix of digital and analog circuits.
Analog circuitry, such as audio circuitry, transceiver circuitry, clock
signals, phase-lock loops (PLL), or other circuitry sensitive to noise
should be powered from a linear regulator. Digital power rails can be
powered from switching power supplies, such as switching regulators,
because most FPGA and DSP core and 170 voltage rails already have
switching noise riding on the rail due to the many internal transistors that
are switching on and off. It is imperative that you are able to separate the
analog and digital power requirements for each of your ICs.

In Stratix 111 devices, it is strongly suggested that a linear regulator be
used to power VCCA and VCCPT, as it is powering analog circuitry. Any
switching noise from this power regulator will result in jitter, which can
ultimately cause system failure. Furthermore, when you design for noise-
sensitive analog circuitry you should follow Altera's recommended board
layout guidelines and use shielded inductors so that they will not be
affected by noise emitted from switching regulators. For information
about board design guidelines, refer to Altera’s Board Design Guidelines
Solution Center at
http://www.altera.com/support/devices/board/brd-index.html.

The digital voltage rails for Stratix Il devices include vCCL, VCC, VCCIO,

VCCPGM, VCCD_PLL,and VCC_C1lkin, which can be powered by linear or
switching regulators depending on efficiency or cost considerations.

Altera Corporation
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Determining Power Management Specifications for Selected ICs

Table 2 is a summary of the power rails to consider when designing for
Stratix Il devices. Altera recommends that you create a similar table to
include all the ICs on your system, explore any unique requirements, and
understand which ICs can share a power rail.

Table 2. Multi-Rail System Power Supply

Regulator

Name Function Rail Voltage (V) IC Supply Type Type
Required
VCCL_FPGA Core logic 09,11 Digital Linear or
Switching
VCC_FPGA Periphery Logic Power 1.1 Digital Linear or
Switching
VCCIO FPGA I/O power 1.2,15,18, 2.0, Digital Linear or
2.5,3.0 Switching
VCCPGM_ FPGA 10 power configuration pin 1.8,25,3.0 Digital Linear or
Switching
VCCPD_FPGA 1/O pre-driver 25,3.0 Digital Linear or
Switching

VCCPT_ FPGA Voltage regulator power 25 Analog Linear

VCCA_PLL FPGA |PLLanalog power to PLL regulator 25 Analog Linear
VCC_Clkin FPGA PLL clock input power 25 Digital Linear or
Switching
VCCBAT FPGA Battery backup power for 25 Digital Linear or
encryption key Switching
VCCD PLL FPGA PLL digital global power 1.1 Digital Linear or
Switching
VCCN_ADC /10 3 Digital Linear or
Switching
VCC_Memory Core logic 1 Digital Linear or
Switching
VCCN_Memory 110 3 Digital Linear or
Switching

For more information about input voltages for Stratix 111 devices, refer to
the following web site:
http://www.altera.com/literature/hb/stx3/stratix3_handbook.pdf.

When designing a multi-rail-powered system, you should consider the
power-up timing of each rail, which will prevent problems with
long-term device reliability. The power-up timing of each rail is described
as sequencing for which monotonic ramping rate is a critical component.

Altera Corporation 5
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There are three methods for controlling power-up sequencing:

= Simultaneous
= Ratio-metric
m  Sequential

Figure 3 shows an example where all rails ramp simultaneously and stop
at their intended regulation point. The rails also rise at the same rate,
which prevents latch-up, bus contention, and undesirable transistor
states. As such, simultaneous sequencing is considered to be the ideal
sequencing method. The drawback, however, is that simultaneous
sequencing may require more system start-up currents because all power
rails across the system ramp up simultaneously. Special circuits, such as
voltage regulators (VR) with simultaneous sequencing options, are
required for implementation.

Figure 3. Simultaneous Sequencing

VCCIO

v
/ VCC Core

Figure 4 shows an example of ratio-metric sequencing. With this
sequencing, the rails rise at different ramp rates, but the higher voltage
rail has a faster slew rate, making each arrive at their regulation point at
the same time. The advantage to this sequencing is that it keeps the
voltage differential between power rails to a minimum. The disadvantage
of this sequencing is that it may also require more system start-up
currents since all power rails start up at the same time. This type of
sequencing requires a voltage regulator with a controllable soft-start
option.
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Figure 4. Ratio-Metric Sequencing

VCCIO

v VCC Core

Figure 5 shows sequential sequencing. The advantage of sequential
sequencing is that it is relatively easy to implement and requires tying the
staging output of the voltage regulators. Even though maximum voltage
differential can occur between the rails with this method, as long as the
voltage rises quickly, there should be no issue with damage or reliability.
Most IC vendors state whether sequential sequencing is appropriate for
their power-up.

Figure 5. Sequential Sequencing

VCCIO

v VCC Core

With Stratix I11 devices, any of the three sequence requirements can be
implemented. However, other system components such as DSPs may be
sequential, since this is the simplest method of setup and further
minimizes start-up currents. Therefore, even though Stratix Il devices
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are very tolerant to your input power sequencing, it is critical that you
check other components in your system to understand their sequencing
requirements.

While sequencing is important, an equally important aspect of designing
your power system is ensuring that you provide controlled monotonic
rise of the power rails. Figure 6 illustrates the difference between an ideal
and a non-ideal monotonic ramp. Most manufacturers require the core
voltages and possibly the 1/0 or other voltage rails to ramp up
monotonically to a voltage of + 3 to 5% of steady state tolerance. Stratix 111
devices use an internal power on reset (POR) circuit on certain power
rails (see Table 3) requiring a monotonic rise for successful power-up with
a voltage tolerance of £ 5%. Other ICs, such as DSP, may require an
external supply voltage supervisory (SVS) reset chip or reset signal that
indicates when all the power rails are up, so monotonic rise is less
important.

Figure 6. Ideal and Non-ldeal Monotonic Ramp

.. ldeal Ramp
Non Ideal Ramp

\

v \ o
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Determining Power Management Specifications for Selected ICs

The Stratix Il power supplies shown in Table 3 are monitored by POR
circuitry and need to reach the stated voltage levels to ensure that all the
circuits in the FPGA are at known states during power-up.

Table 3. POR Monitored Power Supplies

Stratix 11l Power Description Voltage (V)
Veer Core voltage 09orl.1
Vee Clock networks and periphery 11
Veern Pre-driver voltage 250r3.0
Veea prn Supply for PLLs 2.5
Veerem Configuration voltage 1.8,2.5,0r3.0

Altera Corporation

Stratix |1l ramp rate requirements for the power supplies listed in
Table 3 are:

= MAX ramp rate = 100 mS
= MIN ramp rate = 50 puS
m  All supplies must be strictly monotonic—without plateaus

For more information about Stratix I1l ramp rate requirements and POR
monitored power supplies, refer to the following web site:
http://www.altera.com/literature/hb/stx3/stratix3_handbook.pdf.

Even when minimum ramp time requirements are met, the voltage
regulators need to be soft started. A soft-start function minimizes input
current by gradually increasing the current limit at startup, slowing the
rate of rise of the output voltage, and reducing the peak current required
when starting up. This prevents the sudden rush of current needed for
charging bulk capacitance from exceeding the current limit of the voltage
regulator, which could cause it to start up improperly to prevent damage
from overcurrent.

For this design example, a sequential sequencing with soft-start is used,
since it is the easiest one to implement and is a reliable power-up strategy.
This method is especially useful when the power supply capabilities of
the system are either unknown or are being burdened by other
components in a system. By tying the staging output of the voltage
regulators, you can enable subsequent voltage regulators and create a
sequential power-up scheme. The SVS on the input rail prevents the
voltage regulator from turning on until the input capacitors are charged
and the rail is up, which reduces the chances of tripping the undervoltage
lockout (UVLO) of the voltage regulator. This power management
system, shown in Figure 7, addresses the power-up requirements and
start-up issues.
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Figure 7. Power Management System for Sequential Sequencing
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The architecture of your overall power solution is defined by many of the
factors previously discussed, including input voltage of the system,
tolerance, dynamic response, system efficiency, and PCB real estate.
Determining the relative priority of these system characteristics
determines the optimum power distribution architecture for your
particular application. In general, there are two basic approaches to
power distribution. One is a single-source conversion system, and the
other is intermediate bus architecture (IBA) conversion, which uses point
of load (POL) voltage regulators. Both are summarized below:

Single-Source
m  Distributed power architecture (DPA)
Intermediate Bus Architecture

m  Regulated intermediate bus architecture
m  Unregulated intermediate bus architecture

Altera Corporation
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In many multi-rail applications, using intermediate bus architecture
brings considerable financial savings as well as performance benefits.
Current requirements can vary widely across different applications. For
example, typical server systems require up to 90 amps, while portable
medical systems typically require 1 amp. Your particular power
architecture solution will be unique, since your application has different
requirements.

Distributed Power Architecture

DPA implies a collection of two or more isolated DC/DC converters, or
isolated bricks, each supplying one to three output voltages and
operating from a common intermediate bus voltage. DPA is common in
telecom networking systems, which are usually 48 V. In the DPA, the
power converters are located in close physical proximity to the load
circuitry, minimizing DC distribution losses and reducing distribution
inductance for enhanced dynamic response performance. However, in
many applications when no isolation is required, or very low voltages are
needed, this type of system has limitations and can be costly. Figure 8
illustrates a basic block of DPA.

Figure 8. DPA Basic Block

o | Vout (Volts) @ lout (amps)
out (Volts out (amps
Vin (volts) Isolated
Brick
—
—

Isolated
- | Brick —>

Isolated
Brick >
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Advantages:

m  Single level of power conversion provides improved overall
efficiency.

m  Higher power systems benefit from lower current in distribution
bus.

m  Works well in systems requiring few voltage rails.

Disadvantages:

m  Reduced transient response handling compared to POL voltage
regulators.

m  Additional bypass capacitors may be required.

m  Higher system cost due to multiple isolation barriers; as voltage rails
increase, cost and PC board space increases.

= No sequencing without external circuitry.

Intermediate Bus Architecture (IBA)

The intermediate bus architecture is classified into two categories:
unregulated bus converters and regulated bus converters. The two
categories are discussed in the following sections, and a comparison is
shown in Table 4. The advantages and disadvantages of the IBA
architecture are listed below, which will vary depending on the type of
IBA architecture used.

Advantages:

m  Improved transient response provided by POL voltage regulators.
m  Lower cost is achieved due to single isolation barrier.
m  Minimized PCB board space.

Disadvantages:

m A two-step conversion process results in increased power loss and
higher input requirement.

m  High currents in distribution bus may be unmanageable in higher
power systems.

Unregulated Intermediate Bus Architecture

The unregulated bus system employs an isolated but unregulated
intermediate bus converter (IBC) function to drop the input voltage to a
nominal level for usage by the POL voltage regulators. This voltage
reduction is desirable because POL voltage regulators operate most
efficiently between the input and output voltages, so the duty cycle of the

Altera Corporation
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buck voltage regulator is optimized. Systems with high total output
power tend to favor the unregulated IBA, especially if high currents or
power levels are present on two or more output voltages.

The following are characteristics of unregulated IBA:

m  Limited input range of 36 to 75 V.

Board space consumption minimized.

m  Provides for optimum conversion efficiency for POL
voltage regulators.

m  Provides highest system efficiency for high power systems.

m  Allows for sequencing of all voltage rails.

The basic block of unregulated IBA is illustrated in Figure 9.

Figure 9. Unregulated IBA

Quasi- 3.3V@6A
36to 75V Isolated POL >
— Brick
2.5V@4A
» POL ——»

Voltage@Current

POL »

\ 4

Regulated Voltage Intermediate Bus Architecture

The regulated bus approach works best when the output voltage with the
highest current is at a voltage level commonly used as an input for POL
voltage regulators, such as 5 V or 3.3 V. If the maximum output power is
required at a voltage of 2.5 V or lower, the regulated bus architecture is
not a good choice. The regulated bus approach is often the best choice for
lower power systems with most of the output power concentrated on one
output voltage.

13
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The following are characteristics of regulated IBA:

m  Uses one isolated brick and many non-isolated POLSs.

m  Usesaregulated 3.3-V, 5-V, or 12-V bus for the POL voltage regulator
input.

m  Results in lower cost, less board space, but less efficiency in high
power systems.

m  Requires higher bus voltage for POLs, reducing conversion
efficiency (12-V input).

m  System cost lower for low power system.

The basic block of regulated IBA is illustrated in Figure 10.

Figure 10. Regulated IBA

o 3.3V@6A
48V Isolated )
Brick POL
°
2.5V@4A
> POL >
| POL Voltage@Current
\

A comparison of regulated IBA and unregulated IBA is shown
in Table 4.

Table 4. Comparison of Regulated IBA and Unregulated IBA (Part 1 of 2)

Parameters Regulated IBA Unregulated IBA
Low Power System Lower cost Higher cost
High Power System Higher cost Lower cost
Low Power System Equal efficiency Equal efficiency
High Power System Lower efficiency Higher efficiency

14 Altera Corporation
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Table 4. Comparison of Regulated IBA and Unregulated IBA (Part 2 of 2)

Parameters

Regulated IBA Unregulated IBA

External Components

MOSFET, Decoupling caps, Noise Filtering Decoupling caps

Capacitors on Bus More Less

Total Number and Footprints Less More
of Converters

Distribution Copper More Less

Input Voltage Range

Full Telecom, Datacom Restricted Telecom, Datacom

Creating a
Power Budget
Spreadsheet

After you have reviewed the type of circuitry being powered, including
critical power system requirements such as sequencing recommendations
and power architecture solutions, a power budget spreadsheet can be
formed. The power budget spreadsheet has become a very important part
of the design process due to the size and power requirements of
components in your system. In typical applications, listed from most to
least, the PCB components that take up most of the power are: CPU, DSP,
FPGAs, ASSPs, and ADCs. Most IC manufacturers provide online power-
consumption estimators that provide at least a working estimate of the
maximum dynamic current. Altera offers the Early Power Estimator and
Quartus® Il PowerPlay analyzer to help you determine your maximum
current draw for any Stratix Il design. Once the current consumption for
each rail is known, a system power budget spreadsheet can be used to
determine the best approach to formulating power architecture. Table 5
summarizes the system voltage rail current requirements and enables the
grouping of rails with the same voltage and sequencing for the design.

1 Note that the current values used in Table 5 are estimates based

on a test design and not device specifications.

Table 5. Example Design Voltage Rail Summary (Part 1 of 2)

Name Function Rail Voltage (V) Cz)stZICVL\J/;)rreSr:t Converter
VCCL_FPGA Core logic 11
VCC_FPGA Periphery logic power 11 6A 8A
VCC_ADC Core logic 1.1
VCCIO FPGA I/O power 2.5 2 3
Altera Corporation 15
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Table 5. Example Design Voltage Rail Summary (Part 2 of 2)
Name Function Rail Voltage (V) Cz)st:ICVL\J/frreSr:t Converter
VCCPGM_FPGA 1/0 power configuration pin 3.0
VCCPD_FPGA I/O pre-driver 3.0 15 2
VCCPT_FPGA Voltage regulator power 2.5
VCCA_PLL_FPGA | PLL analog power to PLL regulator 25
VCC_Clkin FPGA PLL clock input power 25 05 L
VCCBAT FPGA Battery backup power for encryption 25
key
VCCD_PLL FPGA PLL digital global power 11 0.3 0.5
VCCN_ADC 110 3 1.6 2
VCC_ Memory Core logic 1 0.8 1
VCCN_Memory 110 3 0.4 0.5
Total — 14 — 8

Table 6 shows the voltage and current requirements for this design
example to attain the targeted system efficiency and power dissipation
numbers at point of load. This can be done by selecting converters with
different efficiencies, trying different bus voltages, or using converter
staging to improve efficiency, as shown in Figure 11. Note that system
cost, PCB real estate, and efficiency are additional factors to consider
when compiling the power budget, ultimately influencing converter
selection. The resulting power calculation plays an important part in
thermal compliance and in ensuring that the system’s thermal budget can

be handled by your cooling solution.

Table 6. Budget Calculations (Part 1 of 2)

Converter POL vout Alpstr;t)x Pout Corlj\f:el_rter .E.S t P in - In F_%eqL_Jired - _Po_wer
(V) ) (W) Input (V) Efficiency | Pout/Efficiency | Pin/Vin (A) | Dissipated
VR #1 Switching 11 8 8.8 5 0.9 9.77 1.95 0.97
VR #6 Switching 1.8 2 3.6 5 0.89 4.04 0.80 0.44
VR #2 Switching 25 3 7.5 5 0.92 8.15 1.63 0.65
VR #3 Linear 3 2 6 5 0.6 10 2 4
VR #4 Linear 2.5 1 2.5 5 0.6 4.16 0.83 2.08
VR #5 Linear 1 0.5 0.5 5 0.4 1.25 0.25 1
VR #7 Linear 1 1 1 5 0.4 25 0.5 2

16
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Table 6. Budget Calculations (Part 2 of 2)
Converter POL Vout Alp SL?X P out Cor?\?el_rter Est Pin= In Required = Power
(V) ) (W) Input (V) Efficiency | Pout/Efficiency | Pin/Vin (A) | Dissipated
VR #8 Linear 3 0.5 15 5 0.75 2 0.4 0.8
Total — — 31.4 — — — 8.37 11.95

This design uses switching voltage regulators for POL voltage regulators
(VR) 1, 2, and 6 to supply the large current demands of our digital
circuitry for the Stratix 111 and ADC devices. The switching regulators
also provide higher efficiency and reduced power dissipation. The
remaining converters are linear to demonstrate the effect of staging
converters to improve system power dissipation. By choosing different
bus voltages (3.3, 5, 12 V) for the IBA architecture, optimized converter
efficiency can be at the cost of current. As bus voltage is lowered, the bus
current increases and creates a trade-off between efficiency and current
density. Staging can be applied to the linear regulators to minimize power
dissipation and improve efficiency without changing POL bus voltage by
narrowing the input to output voltage differential for these linear voltage
regulators. Table 7 shows the resulting power dissipation when staging is
used to improve the efficiency of VR 4, 5, and 7. Design techniques, such
as staging shown in Figure 11, can be very valuable when trying to
optimize power dissipation within power architecture.

Figure 11. Using Staging to Improve Efficiency

Vout to first device
POL ﬁ—J

Vout to trigger second POL

: Vout to second device
i POL >
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Table 7. Revised Budget Calculations Resulting from Staging

Converter POL vout AIPE[I(EX Pout co:\/oel;ter .E.S t P iq N In Rquired - _Po'wer
V) ) (W) input (V) Efficiency | Pout/Efficiency | Pin/Vin (A) Dissipated
VR #1 Switching 1.1 8 8.8 5 0.9 9.77 1.95 0.97
VR #6 Switching 1.8 2 3.6 5 0.89 4.04 0.80 0.44
VR #2 Switching 2.5 3 7.5 5 0.92 8.15 1.63 0.65
VR #3 Linear 3 2 6 5 0.6 10 2 4
VR #4 Linear 25 1 25 3 0.6 4.16 1.38 0.69
VR #5 Linear 1 0.5 0.5 2.5 0.4 1.25 0.5 0.75
VR #7 Linear 1 1 1 3 0.4 2.5 0.83 1.66
VR #8 Linear 3 0.5 15 0.75 2 0.4 0.8
Total — — 31.4 — — — 9.51 9.98
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The final implementation of the budget calculations is shown in
Figure 12, where the block level diagram of the system is illustrated in
fixed IBA with a 5-V bus conversion. The process of designing a solution
for a specific application involves a detailed understanding of system

characteristics as well as financial restrictions, which makes every

solution unique. Note that this example is not a reference design, but a
tool to illustrate the process of choosing a power solution.

Altera Corporation
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Figure 12. Generic Application with a Stratix 11l Device
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Thermal Compliance

Thermal management is an important design consideration for Stratix 111
devices in any system. Altera device packages are designed to minimize
thermal resistance and maximize power dissipation. Designers can
determine whether a device requires a heat sink for thermal management
by calculating thermal resistance using thermal circuit models and
equations.

A heat sink helps keep a device at a junction temperature below its
specified recommended operating temperature. With a heat sink, heat
from a device flows from the die junction to the case, then from the case
to the heat sink, and lastly from the heat sink to ambient air. Refer to the
following web site for further assistance in determining a thermal
solution for your particular design:
http://www.altera.com/support/devices/power/thermal/pow-thermal.html.

Signal Integrity Compliance

Proper bypassing and decoupling techniques improve overall power
supply signal integrity, which is important for reliable design operation.
These techniques become more significant with increased power supply
current requirements as well as increased distance from the power supply
to the point-of-load. The type of bypassing and decoupling techniques
designers should consider depends on the system design and board
requirements. Refer to the following web site for further assistance in
signal integrity compliance for your particular design:
http://www.altera.com/support/devices/power/integrity/pow-integrity.html

Proper layout of your board is essential to ensure that high power signals
do not interfere with low power signals. Generation of unwanted voltage
or current spikes resulting from poor layout will cause noise on DC

voltages and EMI radiation to adjacent components. The following layout
recommendations should be considered when designing power supplies:

m  High di/Zdt loops should be identified and made as compact as
possible to minimize inductance which could lead to unwanted
voltage spikes.

m  Source currents and return path should flow one on top of the other
or next to each other to minimize the area of the loop and to minimize
generation of magnetic interference.

m  Circuit nodes should be sized according to the magnitude of the
current.

m  The traces and copper pours carrying currents from power
components should be made adequately wide and verified by
simulation.
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Conclusion

Conclusion
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m  Analog small signal ground and power ground or switching currents
must be kept separate.

m  Power inductors/transformers, MOSFETSs, and rectifiers must be
placed away from traces and circuitry with low-level analog signals.

m |tisdesirable to have all the high current paths on the top layer, and
if not possible, multiple vias should be used to connect high current
paths on different layers.

Refer to the power supply vendors for more detailed instructions on
layout practices for your power components.

Power management system design involves a number of steps to finalize
a proper power solution. Numerous factors, such as cost, efficiency, PCB
real estate, and system power specifications all play an important role in
shaping the power solution. This design example with Stratix 11l devices
was taken through the power management design process to illustrate
the ease of implementing Stratix |1l devices in a system.

21



Stratix Il Power Management Design Guide

Document

Revision History

Table 8 shows the revision history for this application note.

Table 8. Document Revision History

Date and Document Version

Changes Made Summary of Changes

May 2007 v1.3

Replaced all instances of VCCR with VCCPT. Minor changes

March 2007 v1.2

Fixed the dates to match Minor changes

March 2007 v1.1

Minor updates and

Removed ampersands, fixed footers. -
formatting changes

February 2007 v1.0

Initial release —

ALTERAW

101 Innovation Drive
San Jose, CA 95134
www.altera.com
Technical Support:
www.altera.com/mysupport/
Literature Services:
literature@altera.com

22

Copyright © 2007 Altera Corporation. All rights reserved. Altera, The Programmable Solutions Company,
the stylized Altera logo, specific device designations, and all other words and logos that are identified as
trademarks and/or service marks are, unless noted otherwise, the trademarks and service marks of Altera
Corporation in the U.S. and other countries. All other product or service names are the property of their re-
spective holders. Altera products are protected under numerous U.S. and foreign patents and pending
applications, maskwork rights, and copyrights. Altera warrants performance of its semiconductor products
to current specifications in accordance with Altera's standard warranty, but reserves the right to make chang-
es to any products and services at any time without notice. Altera assumes no responsibility or liability
arising out of the application or use of any information, product, or service described

herein except as expressly agreed to in writing by Altera Corporation. Altera customers nsu

are advised to obtain the latest version of device specifications before relying on any pub-
lished information and before placing orders for products or services.

4 AN
Printed on recycled paper
L% yeled pap LS. EN IS0 9001

Altera Corporation




	Stratix III Power Management Design Guide
	Introduction
	Cost, Size, and Efficiency Trade-offs
	Cost and Real Estate
	Efficiency

	Determining Power Management Specifications for Selected ICs
	Choosing a Power Distribution Architecture
	Distributed Power Architecture
	Intermediate Bus Architecture (IBA)
	Unregulated Intermediate Bus Architecture
	Regulated Voltage Intermediate Bus Architecture

	Creating a Power Budget Spreadsheet
	Complying With Thermal and Signal Integrity Requirements
	Thermal Compliance
	Signal Integrity Compliance

	Defining PCB Layout and Voltage Regulator Selection
	Conclusion
	Document Revision History



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




