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About this Handbook

This handbook provides comprehensive information about the Altera® Cyclone® III

family of devices.

How to Contact Altera

For the most up-to-date information about Altera products, refer to the following

table.

Contact (7) Contact Method Address
Technical support Website www.altera.com/support
Technical training Website www.altera.com/training

Email custrain@altera.com

Product literature Website www.altera.com/literature
Altera literature services Email literature@altera.com
Non-technical support (General) Email nacomp@altera.com
(Software Licensing) Email authorization@altera.com

Note to table:

(1) You can also contact your local Altera sales office or sales representative.

Typographic Conventions

This document uses the typographic conventions shown below.

Visual Cue

Bold Type with Initial
Capital Letters

Command names, dialog box titles, checkbox options, and dialog box
options are shown in bold, initial capital letters. Example: Save As
dialog box.

bold type

External timing parameters, directory names, project names, disk
drive names, filenames, filename extensions, and software utility
names are shown in bold type. Examples: fyax, \qdesigns directory,
d: drive, chiptrip.gdf file.

Italic Type with Initial
Capital Letters

Document titles are shown in italic type with initial capital letters.
Example: AN 75: High-Speed Board Design.

Italic type

Internal timing parameters and variables are shown in italic type.
Examples: tPIA, n + 1.

Variable names are enclosed in angle brackets (< >) and shown in
italic type. Example: <file name>, <project name>.pof file.

Initial Capital Letters

Keyboard keys and menu names are shown with initial capital letters.
Examples: Delete key, the Options menu.

© October 2008 Altera Corporation
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About-2 Chapter
Typographic Conventions

Visual Cue Meaning
“Subheading Title” References to sections within a document and titles of on-line help
topics are shown in quotation marks. Example: “Typographic
Conventions.”
Courier type Signal and port names are shown in lowercase Gourier type.

Examples: datal, tdi, input. Active-low signals are denoted by
suffix n, e.g., resetn.

Anything that must be typed exactly as it appears is shown in Courier
type. For example: c:\gdesigns\tutorial\chiptrip.gdf.
Also, sections of an actual file, such as a Report File, references to
parts of files (e.g., the AHDL keyword SUBDESIGN), as well as logic
function names (e.g., TR1) are shown in Courier.

., 2., 3., and Numbered steps are used in a list of items when the sequence of the
b.,c., etc. items is important, such as the steps listed in a procedure.

m|p

° Bullets are used in a list of items when the sequence of the items is
not important.

The checkmark indicates a procedure that consists of one step only.

The hand points to information that requires special attention.

The caution indicates required information that needs special
cauTioN consideration and understanding and should be read prior to starting
or continuing with the procedure or process.

The warning indicates information that should be read prior to starting

VIARNING or continuing the procedure or processes.
- The angled arrow indicates you should press the Enter key.
e The feet direct you to more information on a particular topic.
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Section 1. Device Core
éaj TR

This section provides a complete overview of all features relating to the Cyclone® III
device family, which is the most architecturally advanced, high-performance,
low-power FPGA in the market place. This section includes the following chapters:

m  Chapter 1, Cyclone III Device Family Overview

m Chapter 2, Logic Elements and Logic Array Blocks in Cyclone III Devices
m Chapter 3, MultiTrack Interconnect in Cyclone III Devices

m Chapter 4, Memory Blocks in Cyclone III Devices

m Chapter 5, Embedded Multipliers in Cyclone III Devices

m Chapter 6, Clock Networks and PLLs in Cyclone III Devices

Revision History

Refer to each chapter for its own specific revision history. For information about when
each chapter was updated, refer to the “Chapter Revision Dates” section, which
appears in the complete handbook.
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=)/, 1. Cyclone Ill Device Family Overview

Lowest System-Cost FPGAs

The Cyclonee® Il device family offered by Altera® is a cost-optimized, memory-rich
FPGA family. Cyclone Il FPGAs are built on Taiwan Semiconductor Manufacturing
Company (TSMC)’s 65-nm low-power (LP) process technology with additional silicon
optimizations and software features to minimize power consumption. With this
third-generation in the Cyclone series, Altera broadens the number of high volume,
cost-sensitive applications that can benefit from FPGAs.

This chapter contains the following sections:
m “Cyclone III Device Features”
m “Cyclone Il Device Architecture”

m “Reference and Ordering Information”

Cyclone Il Device Features

Reduced Cost

Cyclone III devices offer low-power consumption and increased system integration at
reduced cost.

Cyclone III devices system costs are based on the following facts:
m Staggered I/O ring minimizes die area
m  Wide range of low-cost packages

m  Support for low-cost serial flash and commodity parallel flash devices for
configuration

Lowest-Power 65-nm FPGA

Cyclone III devices are the lowest-power 65-nm FPGAs designed using TSMC’s
65-nm LP process and Altera’s power aware design flow. Cyclone III devices support
hot-socketing operation; therefore, unused I/O banks can be powered down when the
devices to which they are connected are turned off. Benefits of the Cyclone III device's
low-power operation include:

m Extended battery life for portable and handheld applications
m Enabled operation in thermally challenged environments

m Eliminated or reduced cooling system costs
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Increased System Integration

Cyclone III devices provide increased system integration by offering the following
features:

Logic density up to 119,088 logic elements (LEs) and memory up to 3.8 Mbits (for
more information about Cyclone III device family features, refer to Table 1-1 on
page 1-3)

High memory-to-logic ratio for computation intensive applications

Highest multiplier-to-logic ratio in the industry at every density; 340 MHz
multiplier performance

High I/0O count, low- and mid-range density devices for user I/O constrained
applications

Up to four phase-locked loops (PLLs) provide robust clock management and
synthesis for device clocks, external system clocks, and I/O interfaces

m Up to five outputs per PLL

m Cascadable to save I/ Os, ease printed circuit board (PCB) routing, and reduce
the number of external reference clocks needed

m  Dynamically reconfigurable to change phase shift, frequency
multiplication/division, and input frequency in-system without reconfiguring
the device

Support for high-speed external memory interfaces including DDR, DDR2, SDR
SDRAM, and QDRII SRAM at up to 400 megabits per second (Mbps)

m  Auto-calibrating physical layer (PHY) feature accelerates timing closure and
eliminates variations over process, voltage and temperature (PVT) for DDR,
DDR2, SDRAM, and QDRII SRAM interfaces

Up to 535 user 1/ O pins arranged in eight I/O banks that support a wide range of
industry I/O standards

m  Up to 875 Mbps receive and 840 Mbps transmit LVDS communications

m  Bus LVDS (BLVDS), LVDS, RSDS®, mini-LVDS and PPDSe differential I/O
standards

m  Supported I/0 standards include LVTTL, LVCMOS, SSTL, HSTL, PCI, PCI-X,
LVPECL, LVDS, mini-LVDS, RSDS, and PPDS; PCI Express Base
Specification 1.1 and Serial Rapid I/0O are supported using external PHY
devices

Multi-value on-chip termination (OCT) support with calibration feature to
eliminate variations over PVT

Adjustable I/ O slew rates to improve signal integrity

Support for low-cost Altera serial flash and commodity parallel flash
configuration devices from Intel

Remote system upgrade feature without requiring an external controller

Dedicated Cyclic Redundancy Code (CRC) checker circuitry to detect single event
upset (SEU) conditions
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Cyclone Il Device Features

m  Nios® Il embedded processors for Cyclone III devices offer low-cost and custom-fit
embedded processing solutions

m Broad portfolio of pre-built and verified intellectual property cores from Altera

and Altera Megafunction Partners Program (AMPPsM) partners

Table 1-1 displays Cyclone III device family features.

Table 1-1. Cyclone |1l FPGA Device Family Features

Feature EP3C5 | EP3C10 | EP3C16 | EP3C25 | EP3C40 | EP3C55 | EP3C80 | EP3C120
Logic Elements 5136 | 10,320 | 15,408 | 24,624 | 39,600 | 55,856 | 81,264 | 119,088
Memory (Kbits) 414 414 504 594 1,134 2,340 2,745 3,888
Multipliers 23 23 56 66 126 156 244 288
PLLs 2 2 4 4 4 4 4 4
Global Clock Networks 10 10 20 20 20 20 20 20

All Cyclone III devices support vertical migration in the same package. Vertical
migration means that you can migrate to devices whose dedicated pins, configuration
pins, and power pins are the same for a given package across device densities. This

allows designers to optimize density and cost as the design evolves.

Table 1-2 lists the Cyclone III device package options and user I/O pin counts. The
highest I/O count in the family is delivered by the EP3C40.
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Table 1-2. Cyclone Il FPGA Package Options and 1/0 Pin Counts (Note 1), (2), (3)

144-pin 164-pin 256-pin 484-pin
Plastic Micro 240-pin 256-pin Ultra 324-pin 484-pin Ultra 780-pin
Enhanced | Fineline Plastic FineLine FineLine FineLine FineLine FineLine FineLine
Quad Flat | Ball-Grid | Quad Flat | Ball-Grid | Ball-Grid | Ball-Grid | Ball-Grid | Ball-Grid | Ball-Grid
Pack Array Pack Array Array Array Array Array Array
Device (EQFP) (5) | (MBGA) (PQFP) (FBGA) (UBGA) (6) | (FBGA) (FBGA) (UBGA) (6) (FBGA)
EP3C5 94 106 — 182 182 — — — —
EP3C10 94 + 106 — 182 * 182 + — — — —
EP3C16 84 * 92 160 168 * 168 * — 346 346 N
EP3C25 82 — 148 156 156 215 A — A — —
EP3C40 — — 128 — — 195 v 331 331 535 (4)
EP3C55 — — — — — — 327 327 377
EP3C80 — — — — — — 295 Y 295 \J 429*L
EP3C120 — — — — — — 283 — 531

Notes to Table 1-2:

(1) For more information about device packaging specifications, refer to the support section of the Altera website
(www.altera.com/support/devices/packaging/specifications/pkg-pin/spe-index.html).

(2) The numbers are the maximum 1/0 counts (including clock input pins) supported by the device-package combination and can be affected by the
configuration scheme selected for the device.

(3) All the packages are available in lead-free and leaded options.

(4) The EP3C40 device in the F780 package supports restricted vertical migration. Maximum user I/0 is restricted to 510 1/0s if you enable migration to the
EP3C120 and are using voltage referenced I/0 standards. If you are not using voltage referenced 1/0 standards, the maximum number of 1/0s can be
increased.

(5) The E144 package has an exposed pad at the bottom of the package. This exposed pad is a ground pad that must be connected to the ground plane on
your PCB. This exposed pad is used for electrical connectivity and not for thermal purposes.

(6) All the UBGA packages are supported by the Quartus® |1 software version 7.1 SP1 and later, with the exception of the UBGA packages of EP3C16, which
is supported by the Quartus Il software version 7.2.

Table 1-3 lists the Cyclone III FPGA package sizes.
Table 1-3. Cyclone Ill FPGA Package Sizes

144-pin 164-pin 240-pin 256-pin 256-pin 324-pin 484-pin 484-pin 780-pin

Dimensions EQFP MBGA PQFP FBGA UBGA FBGA FBGA UBGA FBGA
Pitch (mm) 0.5 05 0.5 1.0 0.8 1.0 1.0 0.8 1.0
Nominal Area 484 64 1197 289 196 361 529 361 341
(mm2)
Length \ Width 22\ 22 8\8 346\346| 17\17 14\14 19\19 23\23 19\19 29\29
(mm\ mm)
Height (mm) 1.60 1.40 410 1.55 2.20 2.20 2.60 2.20 2.60

Cyclone III devices are available in up to three speed grades: -6, -7, and -8 (-6 is the
fastest).
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Table 1-4 shows Cyclone Ill device speed grade offerings.
Table 1-4. Cyclone 1l Devices Speed Grades
144-pin 164-pin 240-pin 256-pin 256-pin 324-pin 484-pin 484-pin 780-pin
Device EQFP MBGA PQFP FBGA UBGA FBGA FBGA UBGA FBGA

EP3C5 -7,-8 -7,-8 — -6,-7,-8 | -6,-7,-8 — — — —
EP3C10 -7,-8 -7,-8 — -6,-7,-8 | -6, -7,-8 — — — —
EP3C16 -7,-8 -7,-8 -8 -6,-7,-8 | -6,-7,-8 — -6,-7,-8 | -6, —-7,-8 —
EP3C25 -7,-8 — -8 -6,-7,-8 | -6,-7,-8 | -6,-7,-8 — — —
EP3C40 — — -8 — — -6,-7,-8 | -6,-7,-8 | -6,-7,-8 | -6, 7,8
EP3C55 — — — — — — -6,-7,-8 | -6,-7,-8 | -6,-7,-8
EP3C80 — — — — — — -6,-7,-8 | -6,-7,-8 | -6, 7,8
EP3C120 — — — — — — -7,-8 — -7,-8

Cyclone lll Device Architecture

Cyclone III FPGAs include a customer-defined feature set optimized for cost-sensitive
applications, and offer a wide range of density, memory, embedded multiplier, I/O,

and packaging options. Cyclone IIl FPGAs support numerous external memory
interfaces and I/O protocols common in high-volume applications.

Figure 1-1 shows a floor plan view of the Cyclone III device architecture.

Figure 1-1. Cyclone Ill Device Architecture Overview (Note 1)
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LEs and LABs
The logic array block (LAB) consists of 16 LEs and a LAB-wide control block. An LE is
the smallest unit of logic in the Cyclone III device architecture. Each LE has four
inputs, a 4-input look-up-table (LUT), a register, and output logic. The 4-input LUT is
a function generator that can provide any function of four variables.
L Y

«o For more information about LEs and LABEs, refer to the Logic Elements and Logic Array
Blocks chapter in volume 1 of the Cyclone I1I Device Handbook.

MultiTrack Interconnect

In the Cyclone III device architecture, interconnections between LEs, LABs, M9K
memory blocks, embedded multipliers, and device I/O pins are provided by the
MultiTrack interconnect structure, which is a fabric of routing wires. The MultiTrack
interconnect structure consists of performance-optimized routing lines of different
speeds used for inter- and intra-design block connectivity. The Quartus II software
automatically optimizes designs by placing the critical path on the fastest
interconnects.

«e® For more information about MultiTrack interconnect, refer to the MultiTrack
Interconnect chapter in volume 1 of the Cyclone III Device Handbook.

Memory Blocks

Each Cyclone IIIl FPGA M9K memory block provides up to 9 Kbits of on-chip memory
capable of operation up to 315 MHz. The embedded memory structure consists of
columns of M9K memory blocks that can be configured as RAM, FIFO buffers, or
ROM. Cyclone III memory blocks are optimized for applications, such as
high-throughput packet processing, high-definition (HD) line buffers for video
processing functions, and embedded processor program and data storage. The
Quartus II software allows you to take advantage of M9K memory blocks by
instantiating memory using a dedicated megafunction wizard, or by inferring
memory directly from VHDL or Verilog source code.

Table 1-5. Cyclone Il Memory Modes

Port Mode Port Width Configuration
Single Port x1, x2, x4, x8, x9, x16, x18, x32 and x36
Simple Dual Port x1, x2, x4, x8, x9, x16, x18, x32 and x36
True Dual Port x1, x2, x4, x8, x9, x16 and x18

«® For more information about memory blocks, refer to the Memory Blocks chapter in
volume 1 of the Cyclone III Device Handbook.

Embedded Multipliers and Digital Signal Processing Support

Cyclone III devices offer up to 288 embedded multiplier blocks and support one
individual 18 x 18-bit multiplier per block, or two individual 9 x 9-bit multipliers per
block. The Quartus II software includes megafunctions that are used to control the
mode of operation of the embedded multiplier blocks based on user parameter
settings. Multipliers can also be inferred directly from VHDL or Verilog source code.
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1/0 Features

© QOctober 2008  Altera Corporation

In addition to embedded multipliers, Cyclone III FPGAs include a combination of
on-chip resources and external interfaces that make them ideal for increasing

performance, reducing system cost, and lowering the power consumption of digital

signal processing (DSP) systems. Cyclone III FPGAs can be used alone or as DSP
device co-processors to improve price-to-performance ratios of DSP systems.

Cyclone III FPGA DSP system design support includes the following features:
m DSP IP cores, which include:

m  Common DSP processing functions, such as finite impulse response (FIR), fast
Fourier transform (FFT), and numerically controlled oscillator (NCO) functions

m Suites of common video and image processing functions
m  Complete reference designs for end-market applications

m DSP Builder interface tool between The MathWorks Simulink and MATLAB
design environment, and the Quartus I software

m DSP development kits

For more information, refer to the Embedded Multipliers chapter in volume 1 of the
Cyclone 11l Device Handbook.

All Cyclone III devices contain eight I/O banks. All I/O banks support the
single-ended and differential I/O standards listed in Table 1-6.

Table 1-6. Cyclone Il FPGA 1/0 Standards Support  (Nofe 1)
Type I/0 Standard

Single-Ended 1/0 m LVTTL

= LVCMOS

m SSTL

m HSTL

m PCI

m PCI-X
Differential I/0 m SSTL

m HSTL

m LVPECL

m BLVDS

m LVDS

= mini-LVDS

m RSDS

m PPDS

Note to Table 1-6:
M

PCl Express and Serial Rapid 1/0 can be supported using an external PHY device.
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The Cyclone III device 1/O also supports programmable bus hold, programmable
pull-up resistors, programmable delay, programmable drive strength, programmable
slew rate control to optimize signal integrity, and hot socketing. Cyclone III devices
support calibrated on-chip series termination (Rs OCT) or driver impedance matching
(Rs) for single-ended 1/O standards with one OCT calibration block per side.

For more information, refer to the Cyclone III Device I/O Features chapter in volume 1 of
the Cyclone I1I Device Handbook.

Clock Networks and PLLs

Cyclone III FPGAs include up to 20 global clock networks. Global clock signals can be
driven from dedicated clock pins, dual-purpose clock pins, user logic, and PLLs.
Cyclone III FPGAs include up to four PLLs with five outputs per PLL to provide
robust clock management and synthesis. PLLs can be used for device clock
management, external system clock management, and I/O interfaces.

Cyclone III PLLs can be dynamically reconfigured to enable auto-calibration of
external memory interfaces while the device is in operation. This feature also enables
support of multiple input source frequencies and corresponding multiplication,
division, and phase shift requirements. PLLs in Cyclone III devices can be cascaded to
generate up to ten internal clocks and two external clocks on output pins from a single
external clock source.

For more PLL specifications and information, refer to the DC and Switching
Characteristics and the Clock Networks and PLLs chapters in the Cyclone III Device
Handbook.

High-Speed Differential Interfaces

Cyclone IIl FPGAs support high-speed differential interfaces, such as BLVDS, LVDS,
mini-LVDS, RSDS, and PPDS. These high-speed I/O standards in Cyclone III FPGAs
are ideal for low-cost applications by providing high data throughput using a
relatively small number of I/O pins. All device I/O banks contain LVDS receivers that
operate up to 875 Mbps data rates. Dedicated differential output drivers on the left
and right I/O banks can transmit up to 840 Mbps data rates without the need for any
external resistors to save board space and simplify PCB routing. Top and bottom 1/0O
banks support differential transmit functionality with the addition of an external
resistor network up to 640 Mbps data rates.

For more information, refer to the High-Speed Differential Interfaces chapter in volume 1
of the Cyclone III Device Handbook.

Auto-Calibrating External Memory Interfaces

Cyclone III devices support common memory types including DDR, DDR2, SDR
SDRAM, and QDRII SRAM. The DDR2 SDRAM memory interfaces support data rates
of up to 400 Mbps. Memory interfaces are supported on all sides of the Cyclone III
FPGA. The Cyclone III FPGA contains features such as on-chip termination, DDR
output registers, and 8- to 36-bit programmable DQ group widths to enable rapid and
robust implementation of different memory standards.
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An auto-calibrating megafunction is available in the Quartus II software for DDR and
QDR memory interface PHYs. The megafunction is optimized to take advantage of
the Cyclone III I/O structure, simplify timing closure requirements, and take
advantage of the Cyclone III PLL dynamic reconfiguration feature to calibrate over
process, voltage, and temperature changes.

For more information, refer to the External Memory Interfaces chapter in volume 1 of
the Cyclone I1I Device Handbook.

Quartus Il Software Support

The Quartus II software is the leading design software for performance and
productivity. It is the industry's only complete design solution for CPLDs, FPGAs,
and structured ASICs. The Quartus II software includes an integrated development
environment to accelerate system-level design and seamless integration with leading
third-party software tools and flows. Cyclone III FPGAs are supported by both the
subscription and free Quartus II Web Edition software.

For more information about the Quartus II software features, refer to the Quartus I1
Handbook.

The Nios Il Embedded Processor

Configuration

Cyclone III devices support the Nios® I embedded processor, which allows you to
implement custom-fit embedded processing solutions. Cyclone III devices can also
expand the peripheral set, memory, I/O, or performance of embedded processors.
Single or multiple Nios II embedded processors can be designed into a Cyclone III
device to provide additional co-processing power, or even replace existing embedded
processors in your system. Using Cyclone III and Nios II together allows for low-cost,
high-performance embedded processing solutions, which in turn allows you to
extend your product’s life cycle and improve time-to-market over standard product
solutions.

For more information about the Nios Il embedded processor, refer to Nios II Embedded
Processor Design Examples.

Cyclone III devices use SRAM cells to store configuration data. Configuration data is
downloaded to Cyclone III devices each time the device powers up. Low-cost
configuration options include Altera EPCS family serial flash devices, as well as
parallel flash configuration options using commodity Intel devices. These options
provide flexibility for general-purpose applications and the ability to meet specific
configuration and wake-up time requirements of applications, such as the 100 ms
requirement in many automotive applications. Wake-up time can be adjusted by
choosing a configuration option and selecting a fast or standard power-on-reset time.

For more information, refer to the Confiquring Cyclone I1I Devices chapter in volume 1
of the Cyclone III Device Handbook.
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Remote System Upgrades

Cyclone III devices offer remote system upgrades without an external controller.
Remote system upgrade capability in Cyclone III devices allows deployment of
system upgrades from a remote location. Soft logic (either the Nios II embedded
processor or user logic) used in a Cyclone III device can download a new
configuration image from a remote location, store it in configuration memory, and
direct the dedicated remote system upgrade circuitry to initiate a reconfiguration
cycle. The dedicated circuitry performs error detection during and after the
configuration process, and can recover from an error condition by reverting back to a
safe configuration image, and provides error status information. This feature supports
serial and parallel flash configuration topologies.

<o For more information, refer to the Remote System Upgrade chapter in volume 1 of the
Cyclone 11l Device Handbook.

Hot Socketing and Power-On-Reset

Cyclone III devices feature hot socketing, also known as hot plug-in or hot swap, and
power sequencing support without the use of external devices. You can insert or
remove a board populated with one or more Cyclone III devices during system
operation without causing undesirable effects to the running system bus or the board
that was inserted into the system.

The hot socketing feature allows you to use FPGAs on PCBs that also contain a
mixture of 3.3-V, 2.5-V, 1.8-V, 1.5-V, and 1.2-V devices. The Cyclone III device’s hot
socketing feature eliminates power-up sequence requirements for other devices on the
board for proper FPGA operation.

<o For more information, refer to the Hot Socketing and Power-On Reset chapter in
volume 1 of the Cyclone III Device Handbook.

SEU Mitigation

Cyclone III devices offer built-in error detection circuitry to detect data corruption
due to soft errors in the configuration random-access memory cells. This feature
allows all CRAM contents to be read and verified to match a configuration-computed
CRC value. The Quartus II software activates the Cyclone III built-in 32-bit CRC
checker.

<o For more information, refer to the SEU Mitigation chapter in volume 1 of the
Cyclone 11I Device Handbook.

JTAG Boundary Scan Testing

Cyclone III devices support the JTAG IEEE Std. 1149.1 specification. The
boundary-scan test (BST) architecture offers the capability to test pin connections
without using physical test probes, and captures functional data while a device is
operating normally. Boundary-scan cells in the Cyclone III device can force signals
onto pins or capture data from pins or logic array signals. Forced test data is serially
shifted into the boundary-scan cells. Captured data is serially shifted out and
externally compared to expected results. In addition to BST, you can use the IEEE Std.
1149.1 controller for Cyclone III device in-circuit reconfiguration (ICR).
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<o For more information, refer to IEEE 1149.1 (JTAG) Boundary-Scan Testing chapter in
volume 1 of the Cyclone III Device Handbook.

Figure 1-2 describes the ordering codes for Cyclone III devices.

Figure 1-2. Cyclone Ill Device Packaging Ordering Information

,7 EP3C 25

Family Signature

EP3C: Cyclone Il

Device Type

Package Type

E: Plastic Enhanced Quad Flat Pack (EQFP)
Q: Plastic Quad Flat Pack (PQFP)

F: FineLine Ball-Grid Array (FBGA)

U: Ultra FineLine Ball-Grid Array (UBGA)

M: Micro FineLine Ball-Grid Array (MBGA)

324 C

Pin Count

N

I

Optional Suffix

Indicates specific device options or
shipment method.
ES: Engineering sample
N: Lead-free devices
Speed Grade
6 (fastest)
7
8

Operating Temperature

C: Commercial temperature (T = 0°C to 85°C)
I: Industrial temperature (T = -40°C to 100°C)
A: Automotive temperature (T = -40°C to 125°C)

Number of pins for a particular package:

144
164
240
256
324
484
780

<o For more package information about Cyclone III devices, refer to Package Information

for Cyclone III Devices chapter in volume 1 of the Cyclone III Device Handbook.
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This chapter references the following documents:

m  Clock Networks and PLLs chapter in volume 1 of the Cyclone III Device Handbook

m  Configuring Cyclone III Devices chapter in volume 1 of the Cyclone III Device

Handbook

m  DC and Switching Characteristics chapter in volume 2 of the Cyclone III Device

Handbook

m  Cyclone III Device I/O Features chapter in volume 1 of the Cyclone III Device

Handbook

m  External Memory Interfaces chapter in volume 1 of the Cyclone III Device Handbook

m  Embedded Multipliers chapter in volume 1 of the Cyclone III Device Handbook
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2. Logic Elements and Logic Array Blocks
® in Cyclone lll Devices

This chapter contains feature definitions for logic elements (LEs) and logic array
blocks (LABs). It provides details on how an LE works, how LABs contain groups of
LEs, and how LABs interface with the other blocks in Cyclone® III devices.

This chapter contains the following sections:

Introduction
Overview

“Logic Elements”

“Logic Elements Operating Modes”
“Logic Array Blocks”

“LAB Control Signals”

The logic array consists of LABs, with 16 LEs in each LAB. An LE is a small unit of
logic providing efficient implementation of user logic functions. LABs are grouped
into rows and columns across the device. Cyclone III devices range from 5,136 to
119,088 LEs.

Logic Elements

The smallest unit of logic in the Cyclone III architecture, the LE, is compact and
provides advanced features with efficient logic utilization. Each LE features:

A four-input look-up table (LUT), which can implement any function of four
variables

A programmable register
A carry chain connection
A register chain connection

The ability to drive all types of interconnects: local, row, column, register chain,
and direct link interconnects

Support for register packing
Support for register feedback
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Figure 2-1 shows a Cyclone III LEs.

Figure 2-1. Cyclone Ill Logic Elements
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Logic Elements Features

You can configure each LE's programmable register for D, T, JK, or SR flipflop
operation. Each register has data, clock, clock enable, and clear inputs. Signals that
use the global clock network, general-purpose I/O pins, or any internal logic can
drive the register’s clock and clear control signals. Either general-purpose I/O pins or
internal logic can drive the clock enable. For combinational functions, the LUT output
bypasses the register and drives directly to the LE outputs.

Each LE has three outputs that drive the local, row, and column routing resources. The
LUT or register output can drive these three outputs independently. Two LE outputs
drive column or row and direct link routing connections and one drives local
interconnect resources. This allows the LUT to drive one output while the register
drives another output. This feature, called register packing, improves device
utilization because the device can use the register and the LUT for unrelated
functions. When using register packing, the LAB-wide synchronous load control
signal is not available. For more information about the synchronous load control
signal, refer to “LAB Control Signals”.

Another special packing mode allows the register output to feed back into the LUT of
the same LE so that the register is packed with its own fan-out LUT, providing
another mechanism for improved fitting. The LE can also drive out registered and
unregistered versions of the LUT output.
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In addition to the three general routing outputs, the LEs within a LAB have register
chain outputs. Register chain outputs allow registers within the same LAB to cascade
together. The register chain output allows the LUTs to be used for combinational
functions and the registers to be used for an unrelated shift register implementation.
These resources speed up connections between LABs while saving local interconnect
resources.

Figure 2-2 shows a register cascading among LEs in Cyclone III devices.

Figure 2-2. Logic Elements Register Cascade
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The LUT carry chain may connect to other LUTs from different LEs. The LE carry
chain feature is achieved by connecting an LE carry-out to the next LE carry-in. LE
carry chains can span more than 16 LEs by using LAB carry-in and LAB carry-out.
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Figure 2-3 shows the LE carry chains.

Figure 2-3. Logic Elements Carry Chains
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Logic Elements Operating Modes

The Cyclone III LE operates in normal or arithmetic mode.

LE operating modes use LE resources differently. In each mode, there are six available
inputs to the LE. These inputs include the four data inputs from the LAB local
interconnect, the LE carry-in from the previous carry-chain LE, and the register chain
connection. Each input is directed to different destinations to implement the desired
logic function. LAB-wide signals provide clock, asynchronous clear, synchronous
clear, synchronous load, and clock enable control for the register. These LAB-wide
signals are available in all LE modes.

In conjunction with parameterized functions such as the library of parameterized
modules (LPM) functions, the Quartus® II software chooses the appropriate mode for
common functions, such as counters, adders, subtractors, and arithmetic functions,
automatically. If required, you can also create special-purpose functions that specify
which LE operating mode to use for optimal performance.

Normal Mode

Normal mode is suitable for general logic applications and combinational functions.
In normal mode, four data inputs from the LAB local interconnect are inputs to a four-
input LUT (Figure 2—4). The Quartus II Compiler automatically selects the carry-in
(cin) or the data3 signal as one of the inputs to the LUT. LEs in normal mode
support packed registers and register feedback.
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Figure 2-4. Logic Elements in Normal Mode

Figure 2—4 shows the LE in normal mode.
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Arithmetic mode is ideal for implementing adders, counters, accumulators, and
comparators. An LE in arithmetic mode implements a 2-bit full adder and basic carry
chain (Figure 2-5). LEs in arithmetic mode can drive out registered and unregistered
versions of the LUT output. Register feedback and register packing are supported
when LEs are used in arithmetic mode.
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Figure 2-5 shows the LE in arithmetic mode.

Figure 2-5. Logic Elements in Arithmetic Mode
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The Quartus I Compiler automatically creates carry chain logic during design
processing, or you can create it manually during design entry. Parameterized
functions, such as LPM functions, take advantage of carry chains for the appropriate
functions automatically.

The Quartus II Compiler creates carry chains longer than 16 LEs by automatically
linking LABs in the same column. For enhanced fitting, a long carry chain runs
vertically, which allows fast horizontal connections to M9K memory blocks or
embedded multipliers through direct link interconnects. For example, if a design has a
long carry chain in a LAB column next to a column of M9K memory blocks, any LE
output can feed an adjacent MK memory block through the direct link interconnect.
If the carry chains ran horizontally, any LAB not next to the column of M9K memory
blocks would use other row or column interconnects to drive a M9K memory block. A
carry chain continues as far as a full column.

Logic Array Blocks

Topology

Each LAB consists of the following:
m Sixteen LEs

m LAB control signals

m LE carry chains

m Register chains

m Local interconnect
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2-71

The local interconnect transfers signals between LEs in the same LAB. Register chain
connections transfer the output of one LE register to the adjacent LE register within a
LAB. The Quartus II Compiler places associated logic within a LAB or adjacent LABs,
allowing the use of local and register chain connections for performance and area
efficiency.

Figure 2—-6 shows the Cyclone III LAB structure.

Figure 2-6. Cyclone Il LAB Structure

A\

< Row Interconnect
| 3
l A A l
<~ Column
- Interconnect
|
< Direct link
Direct link » < - intercon_nect
interconnect = e from adjacent
from adjacent - < L < block
block
gl
-
Direct link <& P Direct link
interconnect interconnect
to adjacent to adjacent
block block
LAB Local Interconnect

LAB Interconnects

© QOctober 2008  Altera Corporation

LAB local interconnect is driven by column and row interconnects and LE outputs
within the same LAB. Neighboring LABs, PLLs, MOK RAM blocks, and embedded
multipliers from the left and right can also drive the local interconnect of a LAB
through the direct link connection. The direct link connection feature minimizes the
use of row and column interconnects, providing higher performance and flexibility.
Each LE can drive up to 48 LEs through fast local and direct link interconnects.

Figure 2-7 shows the direct link connection.
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Figure 2-7.
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Each LAB contains dedicated logic for driving control signals to its LEs. The control
signals include:

m Two clocks

m  Two clock enables

m  Two asynchronous clears
m  One synchronous clear

®m  One synchronous load

You may use up to eight control signals at a time. Register packing and synchronous
load cannot be used simultaneously.

Each LAB can have up to four non-global control signals. You can use additional LAB
control signals as long as they are global signals.

Synchronous clear and load signals are useful for implementing counters and other
functions. The synchronous clear and synchronous load signals are LAB-wide signals
that affect all registers in the LAB.

Each LAB can use two clocks and two clock enable signals. Each LAB’s clock and
clock enable signals are linked. For example, any LE in a particular LAB using the
labclkl signal also uses labclkenal. If the LAB uses both the rising and falling
edges of a clock, it also uses both LAB-wide clock signals. Deasserting the clock
enable signal turns off the LAB-wide clock.

The LAB row clocks [5..0] and LAB local interconnect generate the LAB-wide
control signals. The MultiTrack interconnect’s inherent low skew allows clock and
control signal distribution in addition to data distribution.
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Figure 2-8. LAB-Wide

Figure 2-8 shows the LAB control signal generation circuit.
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Conclusion

LAB-wide signals control the logic for the register’s clear signal. The LE directly
supports an asynchronous clear function. Each LAB supports up to two asynchronous
clear signals (labclrl and labclr2).

A LAB-wide asynchronous load signal to control the logic for the register’s preset
signal is not available. The register preset is achieved by using a NOT gate push-back
technique. Cyclone III devices can only support either a preset or asynchronous clear

signal.

In addition to the clear port, Cyclone III devices provide a chip-wide reset pin
(DEV_CLRn) that resets all registers in the device. An option set before compilation in
the Quartus II software controls this pin. This chip-wide reset overrides all other
control signals.

Cyclone III device LEs and LABs allow you to keep pace with increasing design
complexity using a low-cost FPGA device family. The Quartus II software makes it
easy to implement Cyclone III device designs in LEs and LABs, making the process
invisible to you, thus freeing you from the complexity of LEs and LABs.
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=R/ 3. MultiTrack Interconnect in Cyclone Ill

8 Devices

Introduction

This chapter provides in-depth information about the routing architecture of
Cyclone III devices. This document explains the connections between each functional
block in Cyclone III devices.

MultiTrack Interconnect

In the Cyclone III device architecture, connections between LEs, MK memory blocks,
embedded multipliers, and device I/O pins are provided by the MultiTrack
interconnect structure with DirectDrive technology. The MultiTrack interconnect
consists of continuous, performance-optimized routing lines of different speeds used
for inter- and intra-design block connectivity. The Quartus® II Compiler automatically
places critical paths on faster interconnects to improve design performance.

DirectDrive technology is a deterministic routing technology that ensures identical
routing resource usage for any function regardless of placement within the device.
The MultiTrack interconnect and DirectDrive technology simplify the integration
stage of block-based designing by eliminating the re-optimization cycles that typically
follow design changes and additions.

The MultiTrack interconnect consists of row (direct link, R4, and R24) and column
(register chain, C4, and C16) interconnects that span fixed distances. A routing
structure with fixed-length resources for all devices allows predictable and repeatable
performance when migrating through different device densities.

Row Interconnects

Row interconnects route signals to and from logic array blocks (LABs), phase-locked
loops (PLLs), M9K memory blocks, and embedded multipliers within the same row.
These row resources include:

m Direct link interconnects between LABs and adjacent blocks
m R4 interconnects traversing four blocks to the right or left
m  R24 interconnects for high-speed access across the length of the device

The direct link interconnect allows blocks to drive into the local interconnect of its left
and right neighbors. The direct link interconnect provides fast communication
between adjacent blocks without using row interconnect resources.

The R4 interconnects span four LABs, three LABs, and one M9K memory block, or
three LABs and one embedded multiplier to the right or left of a source LAB. These
resources are used for fast row connections in a four-LAB region. Every LAB has its
own set of R4 interconnects to drive either left or right. The R4 interconnects can drive
and be driven by LABs, M9K memory blocks, embedded multipliers, PLLs, and row
input/output elements (IOEs). For LAB interfacing, a primary LAB or LAB neighbor
(Figure 3-1) can drive a given R4 interconnect. For R4 interconnects that drive to the
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right, the primary LAB and right neighbor can drive on to the interconnect. For R4
interconnects that drive to the left, the primary LAB and its left neighbor can drive on
to the interconnect. R4 interconnects can drive other R4 interconnects to extend the
range of LABs they can drive. Additionally, R4 interconnects can drive R24
interconnects, C4, and C16 interconnects for connections from one row to another.

Figure 3-1 shows R4 interconnect connections from a LAB.

Figure 3-1. R4 Interconnect Connections  (Note 1),(2),(3)
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Notes to Figure 3-1:
(1) The C4 interconnects can drive R4 interconnects.
(2) This pattern is repeated for every LAB in the LAB row.

(3) The R24 row interconnects span 24 LABs and provide the fastest resource for long row connections between non-adjacent LABs, MK memory
blocks, dedicated multipliers, and row 10Es. R24 row interconnects drive to other row or column interconnects at every fourth LAB. R24 row
interconnects drive LAB local interconnects via R4 and C4 interconnects and do not drive directly to LAB local interconnects. R24 interconnects
can drive R24, R4, G16, and C4 interconnects.

Column Interconnects

The column interconnect operates similar to the row interconnect. Each column of
LABs is served by a dedicated column interconnect, which vertically routes signals to
and from LABs, MOK memory blocks, embedded multipliers, and row and column
I/ O elements. These column resources include:

B Register chain interconnects within a LAB
m (4 interconnects traversing a distance of four blocks in an up or down direction

m (16 interconnects for high-speed vertical routing through the device
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Cyclone III devices include an enhanced interconnect structure within LABs to route
logic element (LE) outputs to LE input connections faster by using register chain
connections. The register chain connection allows the register output of one LE to
connect directly to the register input of the next LE in the LAB for fast shift registers.
The Quartus® II Compiler automatically takes advantage of these resources to
improve utilization and performance.

Figure 3-2 shows the register chain interconnects.

Figure 3-2. Register Chain Interconnects
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The C4 interconnects span four blocks up or down from a source LAB, M9K block, or
embedded multiplier. Every LAB, M9K block, or embedded multiplier has its own set
of C4 interconnects to drive either up or down. The C4 interconnects can drive and be
driven by all types of architecture blocks, including M9K memory blocks, embedded
multiplier blocks, and column and row I/O elements. The C4 interconnect can be
driven by the two neighboring LABs or blocks (Figure 3-3). The C4 interconnects can
drive both blocks to extend their range and drive blocks to the left or right for
column-to-column connections.

Figure 3-3 shows the C4 interconnect connections from a LAB in a column.
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Figure 3-3. C4 Interconnect Connections  (Note 1), (2)
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Notes to Figure 3-3:
(1) Each C4 interconnect can drive either up or down four rows.

(2) The C16 column interconnects span a length of 16 LABs and provide the fastest resource for long column connections between LABs, M9K
memory blocks, embedded multipliers, and 1/0 elements. The C16 column interconnects drive to other row and column interconnects at every
fourth LAB. The C16 column interconnects drive LAB local interconnects via C4 and R4 interconnects and do not drive LAB local interconnects
directly. The C16 interconnects can drive R24, R4, C16, and C4 interconnects.
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Device Routing

All embedded blocks communicate with the logic array similar to LAB-to-LAB
interfaces. Each block (for example, M9K memory, embedded multiplier, or PLL)
connects to row and column interconnects and has local interconnect regions driven
by row and column interconnects. These blocks also have direct link interconnects for
fast connections to and from a neighboring LAB.

Table 3-1 shows the Cyclone III device routing scheme.

Table 3—-1. Cyclone Il Device Routing Scheme
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LAB Local Interconnects

The LAB local interconnect can drive LEs within the same LAB. The LAB local
interconnect is driven by column and row interconnects and LE outputs within the
same LAB. Neighboring blocks from the left and right can also drive an LAB’s local
interconnect through the direct link connection. The direct link connection feature
minimizes the use of row and column interconnects, providing higher performance
and flexibility. Each LE can drive 48 LEs through fast local and direct link
interconnects.

Figure 3—4 shows the direct link connection.

Cyclone Il Device Handbook, Volume 1 © October 2008 Altera Corporation
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Figure 3—4. Direct Link Connection
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Direct link interconnect from

Local
Interconnect
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PLL, or IOE output

Direct link

————p» interconnect
to right
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«o For more information about Cyclone III LABs and LEs, refer to the Logic Elements and

Logic Array Blocks chapter in volume 1 of the Cyclone I1I Device Handbook.

MIK Routing Interface

The R4, C4, and direct link interconnects from adjacent LABs or blocks drive the M9K
block local interconnect. The M9K blocks can communicate with LABs or blocks on
either the left or right side through these row resources, or with LAB columns on
either left or right with the column resources. Up to 16 direct link input connections to
the M9K block are possible from the left adjacent LAB and another 16 possible from
the right adjacent LAB. The M9K block outputs can also connect to left and right LABs

through each 18 direct link interconnects.

Figure 3-5 shows the M9K block to logic array interface.

© QOctober 2008  Altera Corporation
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Figure 3-5. M9K RAM Block LAB Row Interface
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address datain

f A

A

M9K RAM Block Local LAB Row Clocks
Interconnect Region

“ . For more information about Cyclone III embedded memory blocks, refer to the

Memory Blocks chapter in volume 1 of the Cyclone I1I Device Handbook.

Embedded Multiplier Routing Interface

The R4, C4, and direct link interconnects from adjacent LABs drive the embedded
multiplier row interface interconnect. The embedded multipliers can communicate
with LABs on either the left or right side through these row resources or with LAB
columns on either the right or left with the column resources. Up to 16 direct link
input connections to the embedded multiplier are possible from the left adjacent LABs
and another 16 possible from the right adjacent LAB. Embedded multiplier outputs
can also connect to left and right LABs through 18 direct link interconnects each.

Figure 3-6 shows the embedded multiplier to logic array interface.
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Figure 3-6. Embedded Multiplier LAB Row Interface

Direct Link Interconnect 18 Direct Link Outputs  Direct Link Interconnect
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There are five dynamic control input signals that feed the embedded multiplier:
signa

signb

clk

clkena
B aclr

The signa and signb signals can be registered to match the data signal input path.
The clk, clkena, and aclr signals feed all registers within a single embedded
multiplier.

«® For more information about Cyclone III embedded multipliers, refer to the Embedded
Multipliers chapter in volume 1 of the Cyclone I1I Device Handbook.
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Conclusion

The Cyclone III device provides fast and optimal performance interconnections
between LEs, M9K memory blocks, embedded multipliers, and device I/O pins. The
Quartus II software provides the most suitable routing interconnects for your design
to deliver optimum performance.
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Introduction

Overview

Cyclonee III devices feature embedded memory structures to address the on-chip
memory needs of Altera Cyclone III device designs. The embedded memory structure
consists of columns of MI9K memory blocks that you can configure to provide various
memory functions, such as RAM, shift registers, ROM, and FIFO buffers. M9K
memory blocks provide up to 3.98 Mbit of RAM at a maximum of 315 MHz for
synchronous operation. For total RAM bits-per-density, refer to Table 4-2.

This chapter contains the following sections:
B “Memory Modes”
m “Clocking Modes”

m “Design Considerations”

The MIK blocks support the following features:

m  Up to 3.98 Mbit of RAM available without reducing available logic
m 8,192 memory bits per block (9,216 bits per block including parity)
m Independent read-enable and write-enable signals for each port

m Packed mode in which the M9K memory block is split into two 4.5 K single-port
RAMs

m Variable port configurations

m Single-port and simple dual-port modes support for all port widths

m True dual-port (one read and one write, two reads, or two writes) operation
m Byte enables for data input masking during writes

m Two clock-enable control signals for each port (port A and port B)

m Initialization file to pre-load content of memory in RAM and ROM modes
m  Up to 315 MHz for synchronous-only operation

Table 4-1 summarizes the features supported by the MOK memory

Table 4-1. Summary of M9K Memory Features (Part 1 of 2)

Feature M9K Blocks
Maximum performance 315 MHz
Total RAM bits (including parity bits) 9,216
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Table 4-1. Summary of M9K Memory Features (Part 2 of 2)
Feature M9K Blocks

Configurations (depth x width) 8192 x 1

4096 x 2

2048 x 4

1024 x 8

1024 x 9

512 x 16

512 x18

256 x 32

256 x 36
Parity bits v
Byte enable v
Packed mode v
Address clock enable v
Single-port mode v
Simple dual-port mode v
True dual-port mode v
Embedded shift register mode (7) v
ROM mode v
FIFO buffer (1) v
Simple dual-port mixed width support v
True dual-port mixed width support (2) v
Memory initialization file (.mif) v
Mixed-clock mode v
Power-up condition Outputs cleared
Register asynchronous clears Read address registers and output registers only
Latch asynchronous clears Output latches only
Write/Read operation triggering Write and Read: Rising clock edges
Same-port read-during-write Outputs set to “Old Data” or “New Data”
Mixed-port read-during-write Outputs set to “Old Data” or “Don’t Care”

Notes to Tahle 4-1:

(1) FIFO buffers and embedded shift registers that require external logic elements (LEs) for implementing control logic.
(2) Width modes of x32 and x36 are not available.

Table 4-2 shows the capacity and distribution of the MIK memory blocks in each
Cyclone III device family member.

Table 4-2. Number of M9K Blocks in Cyclone IIl Devices (Part 1 of 2)

Device Number of M9K Blocks Total RAM Bits
EP3C5 46 423,936
EP3C10 46 423,936
EP3C16 56 516,096

Cyclone Il Device Handbook, Volume 1 © October 2008 Altera Corporation
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Table 4-2. Number of M9K Blocks in Cyclone Il Devices (Part 2 of 2)

Device Number of M9K Blocks Total RAM Bits
EP3C25 66 608,256
EP3C40 126 1,161,216
EP3C55 260 2,396,160
EP3C80 305 2,810,880
EP3C120 432 3.981,312

Control Signals

The clock-enable control signal controls clock entering for the entire memory block,
not just the input and output registers. This signal disables the clock so that the
memory block does not see any clock edges and will not perform any operations.

The read-enable (rden) and write-enable (wren) control signals control the read and
write operations for each port of the memory blocks. You can disable read-enable or
write-enable signals independently to save power whenever the operation is not

required.

Figure 4-1 shows how the register clocks, clears, and control signals are implemented
in the Cyclone III memory block.

Figure 4-1. M9K Control Signal Selection

Dedicated 6

Row LAB
Clocks

Local
Interconnect

clock_b

$$¢§¢@@@ﬁ@ﬁ@ﬁﬁ

clock_a

clocken_b rden_b

clocken_a rden_a wren_a
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\ \
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Parity Bit Support
Parity checking for error detection is possible by using the parity bit along with
internal logic resources. Cyclone III M9K memory blocks support a parity bit for each
storage byte. You can use this bit optionally as a parity bit or as an additional data bit.
No parity function is actually performed on this bit.

Byte Enable Support

Cyclone Il M9K memory blocks support byte enables that mask the input data so that
only specific bytes of data are written. The unwritten bytes retain the previous written
value. The write enable (wren) signals, along with the byte enable (byteena) signals,
control the RAM block's write operations. The default value for the byte-enable
signals is high (enabled), in which case writing is controlled only by the write-enable
signals. There is no clear port to the byte-enable registers. M9K blocks support byte
enables when the write port has a data width of x16, x18, x32, or x36 bits.

Byte enables operate in one-hot manner, with the least significant bit (LSB) of the
byteena signal corresponding to the least significant byte of the data bus. For
example, if byteena = 01 and you are using a RAM block in x18 mode,
datal[8..0] is enabled and data [17. .9] is disabled. Similarly, if byteena = 11,
both data[8..0] and data[17..9] are enabled. Byte enables are active high.

Table 4-3 summarizes the byte selection.

Table 4-3. Byte Enable for Cyclone Il MK Blocks  (Note 1)

Affected Bytes
hyteena[3..0] datainx16 datainx18 datainx32 datainx36
[0] =1 [7..0] [8..0] [7..0] (8..0]
[1] =1 [15..8] [17..9] [15..8] [17..9]
[2] =1 — — [23..16] [26..18]
[3] =1 — — [31..24] [35..27]

Note to Table 4-3:

(1) Any combination of byte enables is possible.

Cyclone Il Device Handbook, Volume 1
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Figure 4-2 shows how the wren and byteena signals control the operations of the
RAM.
Figure 4-2. Cyclone Ill Byte Enable Functional Waveform  (Note 1)
inclock _/_\_/_\_/_\_/_\_/_\_/_\_/_\_
wren
rden
address an >< a0 >< al >< a2 >< a0 >< al >< a2 X
data  XXXX >< ABCD >< XXXX
byteena XX >< 10 >< 01 >< 11 X XX
contents at a0 FFFF >< ABFF
contents at a1 FFFF >< FFCD
contents at a2 FFFF >< ABCD
q (asynch) X doutn >< ABFF >< FFCD >< ABCD >< ABFF >< FFCD >< ABCD
Note to Figure 4-2:
(1) For this functional waveform, “New Data” mode is selected.
When a byte-enable bit is deasserted during a write cycle, the old data in the memory
appears in the corresponding data-byte output. When a byte-enable bit is asserted
during a write cycle, the corresponding data-byte output depends on the setting
chosen in the Quartus® II software. It can either be the newly written data or the old
data at that location.
Packed Mode Support

Cyclone III M9K memory blocks support packed mode. You can implement two
single-port memory blocks in a single block under the following conditions:

m  Each of the two independent block sizes is less than or equal to half of the MIK
block size. The maximum data width for each independent block is 18 bits wide

m  Each of the single-port memory blocks is configured in single-clock mode. For
more information on packed mode support, refer to “Single-Port Mode” and
“Single-Clock Mode”

Address Clock Enable Support

All Cyclone III memory blocks support an active-low address clock enable, which
holds the previous address value for as long as the addressstall signal is high
(addressstall = '1'). When you configure the memory blocks in dual-port mode,
each port has its own independent address clock enable.

© QOctober 2008  Altera Corporation Cyclone IlI Device Handbook, Volume 1
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Figure 4-3 shows an address clock enable block diagram. The address register output
feeds back to its input via a multiplexer. The multiplexer output is selected by the
address clock enable (addressstall) signal.

Figure 4-3. Cyclone Il Address Clock Enable Block Diagram

address|[0] ‘
address[0] register P> | address[0]
° ° °
° ° °
° ° °
addressiN] P | address[N]
address[N] register
’_
addressstall
clock

The address clock enable is typically used for cache memory applications to improve
efficiency during a cache-miss. The default value for the address clock enable signals
is low.

Figure 4-4 and Figure 4-5show the address clock enable waveforms during read and
write cycles, respectively.

Figure 4-4. Cyclone Il Address Clock Enable During Read Cycle Waveform

inclock

rdaddress>< a0 >< al >< a2 >< a3 >< a4 >< ab >< a6

rden

addressstall \
(naias memory) & X__20_ X a X X s X
g (synch) doutn-1>< doutn >< dout0 >< dout1 >< dout1 >< dout1 >< dout4 ><

g (asynch)  doutn >< dout0 >< dout1 >< dout1 >< dout1 >< dout4 >< dout5
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Figure 4-5. Cyclone Il Address Clock Enable During Write Cycle Waveform

inclock _/_\_/_\_/_\_/_\_/_\_/_\_/_
wraddress >< a0 >< ail >< a2 >< a3 >< a4 >< ab >< a6
data >< o X o X o2 X o0 X o4 X 05 X 06

wren

addressstall /

latched address ><
al
(inside memory) __2" X ao >< >< a4 >< as
contents at a0 XX >< 00

contents at al XX >< 01 >< 02 >< 03

contents at a2 XX

contents at a3 XX

contents at a4 XX X 04

contents at a5 XX X 05

Mixed-Width Support

MOIK memory blocks support mixed data widths. When using simple dual-port, true
dual-port, or FIFO modes, mixed width support allows you to read and write
different data widths to a memory block. For details on the different widths
supported per memory mode, refer to “Memory Modes”.

Asynchronous Clear

Cyclone III devices support asynchronous clears for read address registers, output
registers and output latches only. Input registers other than read address registers are
not supported. When applied to output registers, the asynchronous clear signal clears
the output registers. You can see the effects immediately. If your RAM does not use
the output registers, you can still clear the RAM outputs via the output latch
asynchronous clear.

L=~ Asserting asynchronous clear to the read address register during a read operation
could corrupt the memory content.

Figure 4-6 shows the functional waveform for the asynchronous clear feature.

Figure 4-6. Output Latch Asynchronous Clear Waveform

clk M

aclr

aclr at latch
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L=~ You can selectively enable asynchronous clears per logical memory via the Quartus I
RAM MegaWizarde.

There are three ways to reset registers in the M9K blocks:

m Power up the device

m  Use the aclr signal for output register only

«® For more details, refer to the RAM Megafunction User Guide.

m  Assert the device-wide reset signal using the DEV_CLRn option

Memory Modes

The Cyclone III M9K memory blocks allow you to implement fully synchronous
SRAM memory in multiple modes of operation. Cyclone III MIK memory does not
support asynchronous (unregistered) memory inputs.

The M9K memory blocks support the following modes:

Single-port
Simple dual-port
True dual-port
Shift-register
ROM

FIFO

L=~ Violating the setup or hold time on the memory block input registers could corrupt
memory contents. This applies to both read and write operations.

Single-Port Mode

Single-port mode supports non-simultaneous read and write operations from a single
address.

Figure 4-7 shows the single-port memory configuration for Cyclone III memory
blocks.

Figure 4-7. Single-Port Memory (Note 1), (2)

—Pp| data[]
—Pp-| address|]
—»|wren
—P | byteena]]
— P> |addressstall
— > inclock
——— P |inclocken
— p|rden
—pp- | ACII

qll
outclock

outclocken
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Figure 4-7. Single-Port Memory (Note 1), (2)

Notes to Figure 4-7:
(1) You can implement two single-port memory blocks in a single M9K block.
(2) For more details, refer to “Packed Mode Support”.

During a write operation, behavior of the RAM outputs is configurable. If you activate
read enable during a write operation, RAM outputs shows either the new data being
written or the old data at that address. If you perform a write operation with read
enable deactivated, the RAM outputs retain the values they held during the most
recent active read enable.

To choose the desired behavior, set the Read-During-Write option to either “New
Data” or “Old Data” in the RAM MegaWizard in the Quartus II software. For more
information about read-during-write mode, refer to “Read-During-Write Operations”.

The port width configurations for MIK blocks in single-port mode are as follows:
m 8192x1
m 4096 x 2
m 2048 x4
m 1024 x8
m 1024 x9
m 512x16
m 512x18
m 256 x 32
m 256 x 36

Figure 4-8 shows timing waveforms for read and write operations in single-port
mode with unregistered outputs. Registering the RAM's outputs would simply delay
the g output by one clock cycle.

Figure 4-8. Cyclone IlI Single-Port Mode Timing Waveforms

address_a

q_a (old data) ><o(o|d dat9< A
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Simple Dual-Port Mode

Simple dual-port mode supports simultaneous read and write operation to different
locations.

Figure 4-9 shows the simple dual-port memory configuration.

Figure 4-9. Cyclone Il Simple Dual-Port Memory  (Note 1)

—Pp-( data] rdaddress[] | em—
—gp-|  Wraddress|] rden |(@¢———
—— | wren ql —>pr
—  byteenal] rd_addressstall |[@——
—— P wr_addressstall rdclock <€———
—— > wrclock rdclocken |@—
— | wrclocken

—p| ACIF

Note to Figure 4-9:
(1) Simple dual-port RAM supports input/output clock mode in addition to the read/write clock mode shown.

Cyclone III memory blocks support mixed-width configurations, allowing different
read and write port widths.

Table 4-4 shows mixed-width configurations.

Table 4-4. Cyclone IIl MIK Block Mixed-Width Configurations (Simple Dual-Port Mode)

Read Port

Write Port

8192 x 1

4096 x 2 | 2048x4 | 1024x8 | 512x 16 | 256x32 | 1024x9 | 512x 18 | 256 x 36

8192 x 1

4096 x 2

2048 x 4

1024 x 8

512 x 16

256 x 32

NAYRIAYAYAN

NAYAYAYAYRY
NAYAYAYA YR
NAYAYAYA YR
NI IAYAYAN
NI IAYAYAN

1024 x 9

512x18

v v/ v/

256 x 36

v v v

Cyclone Il Device Handbook, Volume 1

In simple dual-port mode, M9K memory blocks support separate write-enable and
read-enable signals. You can save power by keeping the read-enable signal low
(inactive) when not reading. Read-during-write operations to the same address can
either output “Don’t Care” data at that location or output “Old Data”. To choose the
desired behavior, set the Read-During-Write option to either “Don’t Care” or “Old
Data” in the RAM MegaWizard in the Quartus II software. For more details about this
behavior, refer to “Read-During-Write Operations”.

Figure 4-10 shows timing waveforms for read and write operations in simple
dual-port mode with unregistered outputs. Registering the RAM's outputs would
simply delay the g output by one clock cycle.

© October 2008 Altera Corporation




Chapter 4: Memory Blocks in Cyclone Ill Devices

Memory Modes

-1

Figure 4-10. Cyclone Ill Simple Dual-Port Timing Waveforms

wren

wraddress

an-1 >< an

X X

a1><

a2><
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ab XaS

data

din-1 ><

dn X XX XX KX XXX XXX dns X dins X dno

rden
rdaddress bn >< b0 )( b1 j< b2 >< b3
q (asynch)  doutn-1 >< doutn )( dout0
True Dual-Port Mode

True dual-port mode supports any combination of two-port operations: two reads,

two writes, or one read and one write, at two different clock frequencies.

Figure 4-11 shows Cyclone III true dual-port memory configuration.

Figure 4-11. Cyclone Ill True Dual-Port Memory  (Note 1)
—p- data_al] data_b[] [ el—
—P- address_a[] address_b[] | em—
—Pp{wren_a wren_b [——
—p| byteena_al] byteena_b[] | «lm—
—p{addressstall_a addressstall_ b |@——
———pp>clock_a clock_b <l€——
——— P|clocken_a clocken_b |€————
—P»{rden_a rden_b |¢——
——ppjaclr_a aclr b |€¢———
—q_2[] q_bf] p—>

Note to Figure 4-11:

(1) True dual-port memory supports input/output clock mode in addition to the independent clock mode shown.

L=~ The widestbit configuration of the M9K blocks in true dual-port mode is 512 x 16-bit

(18-bit with parity).

Table 4-5 lists the possible M9K block mixed-port width configurations.

Table 4-5. Cyclone IIl MOK Block Mixed-Width Configurations (True Dual-Port Mode) (Part 1 of 2)

Write Port
Read Port | 8192 x1 | 4096x2 | 2048 x4 | 1024x8 | 512 x16 | 1024 x9 | 512 x 18
8192 x 1 v v v v v — —
4096 x 2 v v v v v — —
2048 x 4 v v/ v v v — —
1024 x 8 v v v v v — —
512 x 16 v v v/ v v — —

© QOctober 2008  Altera Corporation

Cyclone Ill Device Handbook, Volume 1




4-12

Chapter 4: Memory Blocks in Cyclone Il Devices
Memory Modes

Table 4-5. Cyclone IIl MIK Block Mixed-Width Configurations (True Dual-Port Mode) (Part 2 of 2)

Write Port

Read Port | 8192 x1 | 4096x2 | 2048x4 | 1024x8 | 512x16 | 1024 x9 | 512 x 18

1024 x 9 — — — — — v v/

512x18 — — — — — v v

In true dual-port mode, M9K memory blocks support separate write-enable and
read-enable signals. You can save power by keeping the read-enable signal low
(inactive) when not reading. Read-during-write operations to the same address can
either output “New Data” at that location or “Old Data”. To choose the desired
behavior, set the Read-During-Write option to either “New Data” or “Old Data” in
the RAM MegaWizard in the Quartus II software. For more details on this behavior,
refer to “Read-During-Write Operations”.

In true dual-port mode, you can access any memory location at any time from either
port A or port B. When accessing the same memory location from both ports,
however, you must avoid possible write conflicts. When you attempt to write to the
same address location from both ports at the same time, a write conflict happens. This
results in unknown data being stored to that address location. There is no conflict
resolution circuitry built into the Cyclone III M9K memory blocks. You must handle
address conflicts external to the RAM block.

Figure 4-12 shows true dual-port timing waveforms for the write operation at port A
and read operation at port B. Registering the RAM's outputs would simply delay the
g outputs by one clock cycle.

Figure 4-12. Cyclone Ill True Dual-Port Timing Waveforms

wa__/ /S S S S

/

an-1 >< an >< a0 >< al >< a2 >< a3 >< a4 >< a5 >< a6

I G 000000000000 6D ird &

X din-t X an X douto X doutt X doutz X douts X dina >< din5
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doutn-1 >< doutn )< dout0 >< dout1 >< dout2
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Shift Register Mode

Cyclone III memory blocks can implement shift registers for digital signal processing
(DSP) applications, such as finite impulse response (FIR) filters, pseudo-random
number generators, multi-channel filtering, and auto-correlation and cross-correlation
functions. These and other DSP applications require local data storage, traditionally
implemented with standard flip-flops that quickly exhaust many logic cells for large
shift registers. A more efficient alternative is to use embedded memory as a shift
register block, which saves logic cell and routing resources.

The size of a (w x m x n) shift register is determined by the input data width (w), the
length of the taps (m), and the number of taps (1), and must be less than or equal to
the maximum number of memory bits, which is 9,216 bits. In addition, the size of

(w x n) must be less than or equal to the maximum width of the block, which is 36 bits.
If a larger shift register is required, you can cascade the memory blocks.

Figure 4-13 shows the Cyclone IIl memory block in the shift register mode.

Figure 4-13. Cyclone Il Shift Register Mode Configuration
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Cyclone III memory blocks support ROM mode. A memory initialization file (.mif)
initializes the ROM contents of these blocks. The address lines of the ROM are
registered. The outputs can be registered or unregistered. The ROM read operation is
identical to the read operation in the single-port RAM configuration.

FIFO Buffer Mode

Cyclone III memory blocks support single-clock or dual-clock FIFO buffers. Dual
clock FIFO bulffers are useful when transferring data from one clock domain to
another clock domain. Cyclone III memory blocks do not support simultaneous read
and write from an empty FIFO buffer.

<o For more information about FIFO bulffers, refer to the Single- and Dual-Clock FIFO
Megafunction User Guide.

Clocking Modes
Cyclone III M9K memory blocks support the following clocking modes:
m Independent
B Input/output
B Read/write

m Single-clock

L=~ Violating the setup or hold time on the memory block input registers could corrupt
the memory contents. This applies to both read and write operations.
L=~ Asynchronous clears are available on read address registers, output registers, and
output latches only.
Table 4-6 shows the clocking mode versus memory mode support matrix.
Table 4-6. Cyclone Il Memory Clock Modes
Simple
Clocking | True Dual-Port Dual-Port Single-Port
Mode Mode Mode Mode ROM Mode | FIFO Mode
Independent v — — v —
Input/output v v v v —
Read/write — v — — v
Single-clock v/ v v v v
Independent Clock Mode

Cyclone III M9K memory blocks can implement independent clock mode for true
dual-port memories. In this mode, a separate clock is available for each port (port A
and port B). Clock A controls all registers on the port A side, while clock Bcontrols
all registers on the port B side. Each port also supports independent clock enables for
port A and B registers.

Cyclone Il Device Handbook, Volume 1
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Figure 4-14 shows a memory block in independent clock mode.

Figure 4-14. Cyclone Il Memory Block in Independent Clock Mode
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Input/Output Clock Mode

Cyclone III M9K memory blocks can implement input/output clock mode for FIFO,
single-port, true, and simple dual-port memories. In this mode, an input clock
controls all input registers to the memory block including data, address, byte enables,
write enables and also read-enable registers. An output clock controls the data-output
registers. Each memory block port also supports independent clock enables for input
and output registers.

Figure 4-15, Figure 4-16, and Figure 4-17 show the memory block in input/output
clock mode for true dual-port, simple dual-port, and single-port modes, respectively.
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Figure 4-15. Cyclone Ill Input/Output Clock Mode in True Dual-Port Mode
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Figure 4-16. Cyclone Il Input/Qutput Clock Mode in Simple Dual-Port Mode
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Note to Figure 4-16:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone Ill Device
Handbook.
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Figure 4-17. Cyclone Il Input/Output Clock Mode in Single-Port Mode
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Note to Figure 4-17:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone 11l Device

Handbook.

Read/Write Clock Mode

Cyclone III M9K memory blocks can implement read / write clock mode for FIFO and
simple dual-port memories. In this mode, a write clock controls the data inputs, write
address, and write-enable registers. Similarly, a read clock controls the data outputs,
read address, and read-enable registers. The memory blocks support independent
clock enables for both the read and write clocks.

Figure 4-18 shows memory block in read/write clock mode.
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Figure 4-18. Cyclone Ill Read/Write Clock Mode
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Note to Figure 4-18:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone 11l Device
Handbook.

Single-Clock Mode

Cyclone III M9K memory blocks can implement single-clock mode for FIFO, ROM,
true dual-port, simple dual-port, and single-port memories. In this mode, you can
control all registers of the memory block with a single clock together with clock
enable.

Figure 4-19, Figure 4-20, and Figure 4-21 show the memory block in single-clock
mode for true dual-port, simple dual-port, and single-port modes, respectively.
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Figure 4-19. Cyclone Il Single-Clock Mode in True Dual-Port Mode (Note 1)
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Note to Figure 4-19:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone 11l Device
Handbook.
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Figure 4-20. Cyclone Il Single-Clock Mode in Simple Dual-Port Mode
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Note to Figure 4-20:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone 11l Device
Handbook.
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Figure 4-21. Cyclone Il Single-Clock Mode in Single-Port Mode
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Note to Figure 4-21:

(1) For more information about the MultiTrack interconnect, refer to the MultiTrack Interconnect chapter in volume 1 of the Cyclone Ill Device
Handbook.

Design Considerations

This section describes the guidelines for designing with M9K memory blocks.

Read-During-Write Operations

“Same-Port Read-During-Write Mode” and “Mixed-Port Read-During-Write Mode”
describe the functionality of the various RAM configurations when reading from an
address during a write operation at that same address. There are two
read-during-write data flows: same-port and mixed-port.
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Figure 4-22 shows the difference between these flows.

Figure 4-22. Cyclone Ill Read-During-Write Data Flow
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Same-Port Read-During-Write Mode

This mode applies to a single-port RAM or the same port of a true dual-port RAM. In
the same port read-during-write mode, there are two output choices: “New Data”
mode (or flow-through) and “Old Data” mode. In the “New Data” mode, new data is
available on the rising edge of the same clock cycle on which it was written. In “Old
Data” mode, the RAM outputs reflect the old data at that address before the write
operation proceeds.

When using New Data mode together with byte enable (byteena), you can control
the output of the RAM. When byte enable is high, the data written into the memory
passes to the output (flow-through). When byte enable is low, the masked-off data is
not written into the memory and the old data in the memory appears on the outputs.
Therefore, the output can be a combination of new and old data determined by byte
enable.

Figure 4-23 and Figure 4-24 show sample functional waveforms of same port
read-during-write behavior with both “New Data” and “Old Data” modes,
respectively.

Figure 4-23. Same Port Read-During Write: New Data Mode
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Figure 4-24. Same Port Read-During-Write: Old Data Mode
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Mixed-Port Read-During-Write Mode

This mode applies to a RAM in simple or true dual-port mode, which has one port
reading and the other port writing to the same address location with the same clock.

In this mode, you also have two output choices: “Old Data” or “Don't Care”. In “Old
Data” mode, a read-during-write operation to different ports causes the RAM outputs
to reflect the old data at that address location. In “Don't Care” mode, the same
operation results in a "Don't Care" or unknown value on the RAM outputs.

“ . For more details about how to implement the desired behavior, refer to the RAM
Megafunction User Guide.

Figure 4-25 shows a sample functional waveform of mixed port read-during-write
behavior for the “Old Data” mode. In “Don't Care” mode, the old data shown in the
figure is simply replaced with “Don't Care”.

Figure 4-25. Mixed Port Read-During-Write: Old Data Mode
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Conclusion

5

For mixed-port read-during-write operation with dual clocks, the relationship
between the clocks determines the output behavior of the memory. If you use the
same clock for the two clocks, the output is the old data from the address location.
However, if you use different clocks, the output is unknown during the mixed-port
read-during-write operation. This unknown value may be the old or the new data at
the address location, depending on whether the read happens before or after the
write.

Conflict Resolution

When using the memory blocks in true dual-port mode, it is possible to attempt two
write operations to the same memory location (address). Because there is no conflict
resolution circuitry built into the memory blocks, this results in unknown data being
written to that location. Therefore, you must implement conflict-resolution logic
external to the memory block.

Power-Up Conditions and Memory Initialization

The Cyclone III memory block outputs power up to zero (cleared) regardless of
whether the output registers are used or bypassed. All memory blocks support
initialization via a .mif. You can create .mif files in the Quartus II software and specify
their use via the RAM MegaWizard when instantiating memory in your design. Even
if memory is pre-initialized (via a .mif file, for example), it still powers up with its
outputs cleared. Only the subsequent read after power up outputs the pre-initialized
values.

For more information about .mif files, refer to the RAM Megafunction User Guide and
the Quartus I1 Handbook.

Power Management

Conclusion

Cyclone Il memory block clock enables allow you to control clocking of each memory
block to reduce AC power consumption. Use the read-enable signal to ensure that
read operations only occur when necessary. If your design does not require
read-during-write, reduce power consumption by deasserting the read-enable signal
during write operations, or any period when there are no memory operations.

The Quartus II software automatically powers down any unused memory blocks in
order to save static power.

The Cyclone III M9K embedded memory structure provides flexible memory
architecture with high memory bandwidth. It addresses the needs of different
memory applications in Cyclone III device designs with features such as different
memory modes, byte enables, parity bit storage, address clock enables, mixed clock
mode, and mixed-port width support. All these configurations are possible via the
Quartus II MegaWizard.
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Introduction

Cyclonee III devices offer up to 288 embedded multiplier blocks and support the
following modes:

m One individual 18-bit x 18-bit multiplier per block, or
m Two individual 9-bit x 9-bit multipliers per block

In addition to embedded multipliers, Cyclone III FPGAs include a combination of
on-chip resources and external interfaces that helps increase performance, reduce
system cost, and lower the power consumption of digital signal processing (DSP)
systems. You can use Cyclone III FPGAs alone, or as DSP device co-processors to
improve price-to-performance ratios of DSP systems. Particular focus is placed on
optimizing Cyclone III FPGAs for applications benefiting from an abundance of
parallel processing resources including video and image processing, intermediate
frequency (IF) modems used in wireless communications systems, and multi-channel
communications and video systems.

The Cyclone III FPGA DSP system design supports the following features:

m Up to 288 18 x 18 multipliers

m Up to 3,981 Kbit of on-chip embedded M9K memory blocks

m High-speed interfaces to external memory such as DDR and DDR2 SDRAM
m DSP intellectual property (IP) cores that include:

m  Common DSP processing functions such as finite impulse response (FIR), fast
Fourier transform (FFT), and numerically controlled oscillator (NCO) functions

m Video and image processing suite
m  Complete reference designs for end market applications

m DSP Builder interface between the Mathworks Simulink and MATLAB design
environment and the Altera® Quartus® II software

m DSP-optimized development kits

This chapter focuses on Cyclone III embedded multiplier blocks. The Quartus II
software makes it easy to take advantage of embedded multipliers by instantiating
multipliers using dedicated megafunction wizard interfaces or by inferring
multipliers directly in VHDL or Verilog code. This chapter contains the following
sections:

m “Embedded Multiplier Block Overview”
m  “Architecture”

m “Operational Modes”

m “Software Support”

For more information about Quartus II software support of Cyclone III embedded
multipliers, refer to “Software Support”.
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Embedded Multiplier Block Overview

Each Cyclone III device has one to four columns of embedded multipliers that
implement multiplication functions.

Figure 5-1 shows one of the embedded multiplier columns with the surrounding logic
array blocks (LABs). You can configure each embedded multiplier as one 18 x 18
multiplier or two 9 x 9 multipliers. For multiplication greater than 18 x 18, the
Quartus II software cascades multiple embedded multiplier blocks together. There is
no restriction on the data width of the multiplier, but the greater the data width, the
slower the multiplication process.

Figure 5-1. Embedded Multipliers Arranged in Columns with Adjacent LABs
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Embedded
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The number of embedded multipliers per column and the number of columns
available increases with device density.

Table 5-1 shows the number of embedded multipliers in each Cyclone III device and
the multiplier modes that you can implement.

Table 5-1. Number of Embedded Multipliers in Cyclone Ill Devices (Part 1 of 2)

Device Embedded Multipliers 9 x 9 Multipliers (7) | 18 x 18 Multipliers (1)
EP3C5 23 46 23
EP3C10 23 46 23
EP3C16 56 112 56

Cyclone |1l Device Handbook, Volume 1
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Table 5-1. Number of Embedded Multipliers in Cyclone Ill Devices (Part 2 of 2)

Device Embedded Multipliers 9 x 9 Multipliers (7) | 18 x 18 Multipliers (1)
EP3C25 66 132 66
EP3C40 126 252 126
EP3C55 156 312 156
EP3C80 244 488 244
EP3C120 288 576 288

Note to Table 5-1:

(1) These columns show the number of 9 x 9 or 18 x 18 multipliers for each device. The total number of multipliers
for each device is not the sum of all the multipliers.

In addition to the embedded multipliers, you can also implement soft multipliers
using Cyclone III M9K memory blocks. You can use M9K blocks as look-up tables
(LUTs) that contain partial results from the multiplication of input data with
coefficients that implements variable depth and width high-performance soft
multipliers for low-cost, high-volume DSP applications. The availability of soft
multipliers increases the number of available multipliers in the device.

Table 5-2 shows the total number of multipliers available in Cyclone III devices using
embedded multipliers and soft multipliers.

Table 5-2. Number of Multipliers in Cyclone IlI Devices

Embedded Multipliers Soft Multipliers
Device (18 x 18) (16 x 16) (1) Total Multipliers (2)
EP3C5 23 — 23
EP3C10 23 46 69
EP3C16 56 56 112
EP3C25 66 66 132
EP3C40 126 126 252
EP3C55 156 260 416
EP3C80 244 305 549
EP3C120 288 432 720

Notes to Table 5-2:

(1) Soft multipliers are implemented in sum of multiplication mode. The M9K memory blocks are configured with
18-bit data widths to support 16-bit coefficients. The sum of the coefficients requires 18-bits of resolution to
account for overflow.

The total number of multipliers may vary according to the multiplier mode you use.

@)

For more information about Cyclone III M9K memory blocks, refer to the Memory
Blocks chapter in volume 1 of the Cyclone I1I Device Handbook.

For more information about soft multipliers, refer to AN 306: Implementing Multipliers
in FPGA Devices.
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Architecture

Input Registers

Multiplier Stage

Each embedded multiplier consists of the following elements:
m Multiplier stage

m Input and output registers

m Input and output interfaces

Figure 5-2 shows the multiplier block architecture.

Figure 5-2. Multiplier Block Architecture

signa —————
signb ——
aclr ——
clock —
ena
1!7 YvYy
Data A
D Q
CLRN —IENA
? _
CLRN
Data B D Q T T
—|ENA Output
—] Input Register
CLRN Register
7 Embedded Multiplier Block

You can send each multiplier input signal into an input register or directly into the
multiplier in 9- or 18-bit sections, depending on the operational mode of the
multiplier. You can send each multiplier input signal through a register independently
of each other (for example, you can send the multiplier’s data A signal through a
register and send the data B signal directly to the multiplier).

The following control signals are available to each input register within the embedded
multiplier:

B clock
B clock enable
B asynchronous clear

All input and output registers in a single embedded multiplier are fed by the same
clock, clock enable, and asynchronous clear signals.

The multiplier stage of an embedded multiplier block supports 9 x 9 or 18 x 18
multipliers as well as other multipliers in between these configurations. Depending
on the data width or operational mode of the multiplier, a single embedded multiplier
can perform one or two multiplications in parallel. For multiplier details, refer to
“Operational Modes”.
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Output Registers

Each multiplier operand can be a unique signed or unsigned number. Two signals,
signa and signb, control an input of a multiplier and determine if the value is
signed or unsigned. If the signa signal is high, the data A operand is a signed
number. If the signa signal is low, the data A operand is an unsigned number.

Table 5-3 shows the sign of the multiplication result for the various operand sign

representations. The result of the multiplication is signed if any one of the operands is
a signed value.

Table 5-3. Multiplier Sign Representation

Data A Data B
signa Value Logic Level signb Value Logic Level Result
Unsigned Low Unsigned Low Unsigned
Unsigned Low Signed High Signed
Signed High Unsigned Low Signed
Signed High Signed High Signed

Each embedded multiplier block has only one signa and one signb signal to control
the sign representation of the input data to the block. If the embedded multiplier
block has two 9 x 9 multipliers, the data A input of both multipliers share the same
signasignal, and the data B input of both multipliers share the same signb signal.
You can change the signa and signb signals dynamically to modify the sign
representation of the input operands at run time. You can send the signa and signb
signals through a dedicated input register. The multiplier offers full precision,
regardless of the sign representation.

When the signa and signb signals are unused, the Quartus II software sets the
multiplier to perform unsigned multiplication by default.

You can choose to register the embedded multiplier output using the output registers
in 18- or 36-bit sections, depending on the operational mode of the multiplier. The
following control signals are available to each output register in the embedded
multiplier:

B clock

B clock enable

B asynchronous clear

All input and output registers in a single embedded multiplier are fed by the same

clock, clock enable, and asynchronous clear signals.

For more information about embedded multiplier routing and interface, refer to the
MultiTrack Interconnect chapter in volume 1 of the Cyclone 11l Device Handbook.

Operational Modes

© QOctober 2008  Altera Corporation

You can use an embedded multiplier block in one of two operational modes,
depending on the application needs:
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m  One 18-bit multiplier
m Up to two 9-bit independent multipliers

The Quartus Il software includes megafunctions used to control the operational
modes of the multipliers. After you have made the appropriate parameter settings
using the megafunction’s MegaWizard® Plug-In Manager, the Quartus II software
automatically configures the embedded multiplier.

'~ You can also use Cyclone IIl embedded multipliers to implement multiplier adder
and multiplier accumulator functions in which the multiplier portion of the function
isimplemented using embedded multipliers and the adder or accumulator function is
implemented in logic elements (LEs). For more information about Quartus II support
for Cyclone III embedded multipliers, refer to “Software Support”.

18-Bit Multipliers

You can configure each embedded multiplier to support a single 18 x 18 multiplier for
input widths of 10 to 18 bits.

Figure 5-3 shows the embedded multiplier configured to support an 18-bit multiplier.

Figure 5-3. 18-Bit Multiplier Mode

signa
signb ————
aclr ———
clock ——
ena —

YYVVYY

Data A[17..0]

P Data Out [35..0]

Data B [17..0]

T 18 x 18 Multiplier

Embedded Multiplier

All 18-bit multiplier inputs and results can be sent independently through registers.
The multiplier inputs can accept signed integers, unsigned integers, or a combination
of both. Additionally, you can change the signa and signb signals dynamically and
send these signals through dedicated input registers.

9-Bit Multipliers

You can configure each embedded multiplier to support two 9 x 9 independent
multipliers for input widths of up to 9 bits.
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Figure 5-4 shows the embedded multiplier configured to support two 9-bit
multipliers.

Figure 5-4. 9-Bit Multiplier Mode
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7 9 x 9 Multiplier
Embedded Multiplier

All 9-bit multiplier inputs and results can be sent independently through registers.
The multiplier inputs can accept signed integers, unsigned integers, or a combination
of both. Two 9 x 9 multipliers in the same embedded multiplier block share the same
signa and signb signal. Therefore, all of the data A inputs feeding the same
embedded multiplier must have the same sign representation. Similarly, all of the
data B inputs feeding the same embedded multiplier must have the same sign
representation.

Software Support

Altera provides two methods for implementing multipliers in your design using
embedded multiplier resources: instantiation and inference. Both methods use the
following four Quartus II megafunctions:

m IPM_MULT
m ALTMULT_ADD
m ALTMULT_ACCUM
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m ALTFP_MULT

In the first method, you can use the LPM_MULT, ALTMULT_ADD, and
ALTFP_MULT megafunctions to implement multipliers. Additionally, you can use the
ALTMULT_ADD megafunction as multiplier-adders in which embedded multipliers
are used as multiply function and LEs are configured as adders.

The ALTFP_MULT megafunction is a floating point multiplier. It implements the
embedded multiplier for floating point numbers multiplication.

The ALTMULT_ACCUM megafunction implements multiply accumulate functions in
which the embedded multiplier implements the multiplier and the accumulator
function is implemented in LEs.

For instructions on how to use the megafunction and the MegaWizard Plug-In
Manager, refer to the megafunction’s associated User Guide and the Quartus II Help.

In the second method, you can infer the megafunctions by creating an HDL design
and synthesizing it using Quartus II Native Synthesis, or a third-party synthesis tool
such as Cadence or Synplify, which recognizes and infers the appropriate multiplier
megafunction. With both options, the Quartus II software maps the multiplier
functionality to the embedded multipliers during compilation.

For information about Altera’s complete DSP Design and intellectual property
offerings, refer to the Altera web site (www.altera.com).

For more information about instantiating and inferring Quartus II megafunctions,
refer to the Synthesis section in volume 1 of the Quartus II Handbook.

Cyclone Il embedded multipliers are optimized to support multiplier-intensive DSP
applications such as FIR filters, FFT functions, and encoders. You can configure these
embedded multipliers to implement multipliers of various bit widths up to 18 bits to
suit a particular application, resulting in efficient resource utilization and improved
performance and data throughput. The Quartus II software and the Synplify software
provide a complete and easy-to-use flow for implementing multiplier functions using
embedded multipliers.

Referenced Documents

This chapter references the following documents:

m AN 306: Implementing Multipliers in FPGA Devices

m  Memory Blocks chapter in volume 1 of the Cyclone I1I Device Handbook

m  MultiTrack Interconnect chapter in volume 1 of the Cyclone I1I Device Handbook

B Synthesis section in volume 1 of the Quartus II Handbook
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Document Revision History

Table 5-4 shows the revision history for this chapter.

Table 5-4. Document Revision History

Date and

Document

Version Changes Made Summary of Changes
October 2008 Updated chapter to new template. —
vi.2
July 2007 m Updated “Introduction” section Added EP3C120 information.
Vil = Updated Table 5-1 and Table 5-2

m Added chapter TOC and “Referenced
Documents” section

March 2007 Initial release. —
vi0
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8 Devices

Introduction

Cyclonee III devices provide a large number of global clock resources in combination
with the clock synthesis precision provided by phase-locked loops (PLLs). Cyclone III
devices provide up to 20 dedicated global clock networks (GCLKs). Clock networks
that are not being used in the design are automatically turned off by the Quartus® II
software to reduce overall power consumption. Cyclone III devices include up to four
PLLs per device and up to five outputs per PLL. The additional GCLKs and
additional PLL outputs compared to Cyclone II devices enable more efficient use of
PLL resources. You can program every output independently, creating a unique,
customizable clock frequency with no fixed relation to any other input or output
clock. Inherent jitter filtration and fine granularity control over multiply, divide ratios,
and dynamic phase shift reconfiguration provide the high-performance precision
required in today’s high-speed applications.

Cyclone III device PLLs support advanced capabilities such as clock switchover,
dynamic phase shifting, and PLL reconfiguration. Dynamic phase reconfiguration
allows implementation of high performance, easy to implement, and self-calibrating
external memory interfaces. Dynamic phase reconfiguration also supports advanced
display applications where PLL input frequency may change on the fly. Cyclone III
PLLs also support spread-spectrum tracking for clock sources that lower
electromagnetic interference (EMI). The Quartus II software enables the PLL features
without requiring external devices. The following sections describe the Cyclone I1I
clock networks and PLLs in detail.

This chapter contains the following sections:
m “Clock Networks”

m “PLLs in Cyclone III Devices”

m  “Cyclone I PLL”

m “Clock Feedback Modes”

“Hardware Features”

m “Programmable Bandwidth”
m “Phase-Shift Implementation”
m “PLL Cascading”

m “PLL Reconfiguration”

m “Spread-Spectrum Clocking”
m “PLL Specifications”

“Board Layout”
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Clock Networks

Cyclone III devices provide up to 16 dedicated clock pins (CLK[15. . 0]) that can
drive the GCLKs. The smaller Cyclone III devices (EP3C5 and EP3C10) support four
dedicated clock pins on the left and right sides of the device that are capable of
driving a total of ten GCLKSs. The larger devices (EP3C16 devices and larger) support
four dedicated clock pins on each side of the device. These clock pins can drive 20
GCLKs.

Table 6-1 shows the number of global clocks available across the Cyclone III device
family.

Table 6-1. Number of Global Clocks Available in Cyclone 1l Devices

Device Number of Global Clocks
EP3C5 10
EP3C10 10
EP3C16 20
EP3C25 20
EP3C40 20
EP3(C55 20
EP3C80 20
EP3C120 20

Global Clock Network

Global clocks drive throughout the entire device, feeding all device quadrants. All
resources in the device (I/O elements, logic array blocks [LABs], dedicated multiplier
blocks, and M9K memory blocks) can use GCLKSs as clock sources. Use these clock
network resources for control signals, such as clock enables and clears fed by an
external pin. Internal logic can also drive GCLKs for internally generated global
clocks and asynchronous clears, clock enables, or other control signals with high
fan-out.

Table 6-2 shows the connectivity of the clock sources to the global networks.

Table 6-2. Global Clock Network Connections (Part 1 of 3)

Clock Sources

Global Clock Network

Global Clock Networks

All Cyclone Ill Devices EP3C16 through EP3CG120 Devices Only

3/4/5|6 10 |11 |12 (13|14 |15 |16 | 17 | 18

19

CLKO/DIFFCLK Op

v

CLK1/DIFFCLK On

2
v
v

CLK2/DIFFCLK 1p

CLK3/DIFFCLK 1n

CLK4/DIFFCLK 2p

CLK5/DIFFCLK 2n

CLK6/DIFFCLK 3p

CLK7/DIFFCLK 3n
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Table 6-2. Global Clock Network Connections (Part 2 of 3)

Glohal Clock Network
Clock Sources

Global Clock Networks

All Cyclone il Devices

EP3C16 through EP3C120 Devices Only

2|13(4|5|6

89101

13

14

15

16

17

18

19

CLK8/DIFFCLK 5n

= ==]=1=]=1T=Tv =

v/

CLK9/DIFFCLK 5p

NEANES

CLK10/DIFFCLK_4n

v

CLK11/DI FFCLK 4p

CLK12/DI FFCLK_ 7n

CLK13/DIFFCLK 7p

CLK14/DI FFCLK 6n

CLK15/DIFFCLK 6p

PLL1 CO (1)

PLL1 Cl (1)

PLL1 _C2 (1)

PLL1_C3 (1)

PLL1 C4 (1)

PLL2 CO (1)

PLL2 Cl (1)

PLL2 C2 (1)

PLL2 C3 (1)

PLL2 C4 (1)

PLL3_CO

PLL3 C1

PLL3 C2

PLL3_ C3

PLL3 C4

PLL4_ CO

PLL4 C1

PLL4 C2

PLL4 C3

PLL4 C4

DPCLKO

DPCLK1

DPCLK7 (2)
CDPCLKO, Or
CDPCLK?7 (3)

DPCLK2 (2)
CDPCLK1
CDPCLK2 (3)

© QOctober 2008  Altera Corporation

Cyclone Ill Device Handbook, Volume 1




6-4

Chapter 6: Clock Networks and PLLs in Cyclone Ill Devices
Clock Networks

Table 6-2. Global Clock Network Connections (Part 3 of 3)

Global Clock Networks

Global Clock Network

All Cyclone il Devices

EP3C16 through EP3C120 Devices Only

Clock Sources 01|23

4

11

12

13

14

15

16

17

18

19

DPCLK5 (2) — ===
DPCLK7 (3)

DPCLK4 (2) — ===
DPCLKS6 (3)

DPCLK6 (2) — | —|—|—
DPCLK5
DPCLK6 (3)

DPCLK3 (2) — | —|—|—
CDPCLK4, Of
CDPCLK3 (3)

DPCLKS8 — | — | —|—

DPCLK11 — | — | —|—

DPCLK9 — | — ||

DPCLK10 — | — | — |

DPCLK5 — | — | —|—

DPCLK2 — | — | —|—

DPCLK4 — | — | —|—

DPCLK3 — | — ||

Notes to Tahle 6-2:

(1) EP3C5 and EP3C10 devices have only PLLs 1 and 2.
(2) This pin applies only to EP3C5 and EP3C10 devices.
(3) These pins apply only to EP3C16 devices and larger. Only one of the two cDPCLK pins can feed the clock control block. You can use the other pin

as a regular 1/0 pin.

If you do not use dedicated clock pins to feed the GCLKSs, you can use them as

general-purpose input pins to feed the logic array. However, when using them as

general-purpose input pins, they do not have support for an1/0 register and must

use LE-based registers in place of an I/O register.

Cyclone |1l Device Handbook, Volume 1
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Clock Control Block

The clock control block drives GCLKSs. Clock control blocks are located on each side of
the device, close to the dedicated clock input pins. GCLKSs are optimized for
minimum clock skew and delay.

Table 6-3 lists the sources that can feed the clock control block, which in turn feeds the
GCLKs.

Table 6-3. Clock Control Block Inputs

Input Description
Dedicated clock inputs Dedicated clock input pins can drive clocks or global signals, such as
synchronous and asynchronous clears, presets, or clock enables onto
given GCLKs.
Dual-purpose clock DPCLK and cDPCLK /0 pins are bidirectional dual function pins that
(DPCLK and CDPCLK) can be used for high fan-out control signals, such as protocol signals,
1/0 input TRDY and IRDY signals for PCI, via the GCLK. Clock control blocks

that have inputs driven by dual-purpose clock 1/0 pins are not able to
drive PLL inputs.

PLL outputs PLL counter outputs can drive the GCLK.

Internal logic You can drive the GCLK through logic array routing to enable internal
logic elements (LEs) to drive a high fan-out, low-skew signal path.
Clock control blocks that have inputs driven by internal logic are not
able to drive PLL inputs.

In Cyclone III devices, dedicated clock input pins, PLL counter outputs, dual-purpose
clock I/ O inputs, and internal logic can all feed the clock control block for each GCLK.
The output from the clock control block in turn feeds the corresponding GCLK. This
global clock can drive the PLL input if the clock control block inputs are outputs of
another PLL or dedicated clock input pins. The clock control blocks are at the device
periphery; there are a maximum of 20 clock control blocks available per Cyclone III
device.

The control block has two functions:

m Dynamic GCLK clock source selection (not applicable for DPCLK or CDPCLK and
internal logic input)

m  Global clock network power down (dynamic enable and disable)
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Figure 6-1 shows the clock control block.

Figure 6-1. Clock Control Block

Clock Control Block
Internal Logic —
DPCLK or CDPCLK Enable/ » Global
Static Clock Select (3) Disable Clock
| I
| — Static Clock
Co Select (3)
CLK[n + 3] [x} L inciki _|C1
CLK[n + 2] [t : fin pLL lC2
CLKIn + 1] inclkO
CLK[n] ——-" s IR |
C4
CLKSWITCH (7) CLKSELECT[1..0] (2)  Internal Logic (4)

Notes to Figure 6-1:

(1) The clkswitch signal can either be set through the configuration file or dynamically set when using the manual PLL switchover feature. The
output of the multiplexer is the input clock (f,y) for the PLL.

(2) Theclkselect [1..0] signalsare fed by internal logic and can be used to dynamically select the clock source for the GCLK when the device
is in user mode.

(3) The static clock select signals are set in the configuration file. Therefore, dynamic control when the device is in user mode is not feasible.
(4) You can use internal logic to enable or disable the GCLK in user mode.

Each PLL generates five clock outputs through the c [4. . 0] counters. Two of these
clocks can drive the GCLK through a clock control block, as shown in Figure 6-1.

“ .o For more information about how to use the clock control block in the Quartus II

software, refer to the ALTCLKCTRL Megafunction User Guide.

Global Clock Network Clock Source Generation

There are a total of ten clock control blocks in the smaller Cyclone III devices (EP3C5
and EP3C10), and a total of 20 clock control blocks in the larger Cyclone III devices
(EP3C16 devices and larger).

Figure 6-2 and Figure 6-3 show the Cyclone III PLLs, clock inputs, and clock control
block location for different device densities.
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Figure 6-2. EP3C16 and Larger PLL, CLK[], DPCLK[], and Clock Control Block Locations  (Note 1)

DPCLK[11.10] DPCLK]9..8]

CDPCLK7 CLK[11..8] CDPCLK6
2 4 2
@ /4
PLL [ /) Tttt O | PLL
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: \ 2 4
A
: 4 Clock Control 5
: 2 Block (1)
: GCLK[19..0]
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B 20 20 >
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il 20 1 E
' DPCLKI
DPCLK1 D—, A N GOLK[19.0] | |—<:| CLK6
Clock Control !
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CDPCLK2 D CDPCLK3
CLK[15..12]

DPCLK[3.2]  DPCLK[5..4]

Notes to Figure 6-2:
(1) There are five clock control blocks on each side.

(2) Only one of the corner cDPCLK pins in each corner can feed the clock control block at a time. Yo can use the other CDPCLK pins as general-
purpose |/0 pins.

(3) Remote clocks cannot be used to feed the PLLs.
(4) Dedicated clock paths can feed into this PLL. However, these are not fully-compensated paths.
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Figure 6-3. Cyclone IlI Clock Control Blocks Placement
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Note to Figure 6-3:
(1) There are five clock control blocks on each side.

The inputs to the five clock control blocks on each side must be chosen from among
the following clock sources:

m Four clock input pins
m Five PLL counter outputs

m Two DPCLK pins and two CDPCLK pins from both the left and right sides and four
DPCLK pins and two CDPCLK pins from both the top and bottom

m Five signals from internal logic

From the clock sources listed above, only two clock input pins, two PLL clock outputs,
one DPCLK or CDPCLK pin, and one source from internal logic can drive into any
given clock control block, as shown in Figure 6-1 on page 6-6.

Out of these five inputs to any clock control block, the two clock input pins and two
PLL outputs can be selected dynamically to feed a GCLK. The clock control block
supports static selection of the signal from internal logic.
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Figure 64 shows the simplified version of the five clock control blocks on each side of
the Cyclone III device periphery. Cyclone III devices support up to 20 of these clock
control blocks; this allows for a maximum of 20 global clocks in Cyclone III devices.

Figure 6-4. Clock Control Blocks on Each Side of the Cyclone Il Device  (Note 1)

4
Clock Input Pins ey

PLL Outputs > 5
P Clock 5
CDPCLK ——<—| Control |——><— GCLK
20r4 Block
DPCLK =

Internal Logic —L‘:}hb

!

Five Clock Control
Blocks on Each Side
of the Device
Note to Figure 6-4:
(1) Theleft and right sides of the device have two DPCLX pins; the top and bottom of the device have four DPCLK pins.

Global Clock Network Power Down

clkena Signals

You can disable the Cyclone III GCLK (power down) by both static and dynamic
approaches. In the static approach, configuration bits are set in the configuration file
generated by the Quartus II software, which automatically disables unused GCLKs.
The dynamic clock enable or disable feature allows internal logic to control clock
enable or disable of the GCLKSs in the Cyclone III device.

When a clock network is disabled, all the logic fed by the clock network is in an
off-state, thereby reducing the overall power consumption of the device. This function
is independent of the PLL and is applied directly on the clock network, as shown in
Figure 6-1 on page 6-6.

You can set the input clock sources and the clkena signals for the GCLK multiplexers
through the Quartus I software using the ALTCLKCTRL megafunction.

For more information, refer to the ALTCLKCTRL Megafunction User Guide.

Cyclone III devices support clkena signals at the clock network level. This allows
you to gate off the clock even when a PLL is used. Upon re-enabling the output clock,
the PLL does not need a resynchronization or re-lock period because the circuit gates
off the clock at the clock network level. In addition, the PLL can remain locked
independent of the clkena signals since the loop-related counters are not affected.

Figure 6-5 shows how to implement clkena.
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Figure 6-5. clkena Implementation

clkkena ——MMp Q clkena_out

clkin ——4

clk_out

The clkena circuitry controlling the output CO of the PLL to an output pin is
implemented with two registers instead of a single register, as shown in Figure 6-5.

Figure 6-6 shows the waveform example for a clock output enable. The clkena
signal is sampled on the falling edge of the clock (clkin).

L=~ This feature is useful for applications that require low power or sleep mode.

Figure 6-6. clkena Implementation—Qutput Enable

clkin 3\\ G\

clkena d C}\

clk_out

The clkena signal can also disable clock outputs if the system is not tolerant to
frequency overshoot during PLL resynchronization.

Altera® recommends using the clkena signals when switching the clock source to the
PLLs or the GCLK. The recommended sequence is:

1. Disable the primary output clock by deasserting the clkena signal.

2. Switch to the secondary clock using the dynamic select signals of the clock control
block.

3. Allow some clock cycles of the secondary clock to pass before reasserting the
clkena signal. The exact number of clock cycles you need to wait before enabling
the secondary clock is design-dependent. You can build custom logic to ensure
glitch-free transition when switching between different clock sources.
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PLLs in Cyclone Il Devices

Cyclone III devices offer up to four PLLs that provide robust clock management and
synthesis for device clock management, external system clock management, and
high-speed I/0O interfaces.

Table 6-4 shows the PLLs available for each Cyclone III device.

Table 6-4. Cyclone Il Device Availability

Device PLL1 PLL 2 PLL3 PLL4
EP3C5 v v — —
EP3C10 v v — —
EP3C16 v v v v
EP3C25 v v v v
EP3C40 v v v v
EP3C55 v v/ v v
EP3C80 v v v v
EP3C120 v v v v

All Cyclone III PLLs have the same core analog structure.

Table 6-5 shows the features available in Cyclone III PLLs.

Table 6-5. Cyclone Ill PLL Hardware Features

Hardware Features Availability
C (output counters) 5
M, N, C counter sizes 1t0 512 (1)
Dedicated clock outputs 1 single-ended or 1 differential
Clock input pins 4 single-ended or 2 differential pins
Spread-spectrum input clock tracking v (2)
PLL cascading Through GCLK
Compensation modes Source-Synchronous Mode, No Compensation
Mode, Normal Mode, and Zero Delay Buffer Mode
Phase shift resolution Down to 96-ps increments (3)
Programmable duty cycle v/
Output counter cascading v
Input clock switchover v
User mode reconfiguration v
Loss of lock detection v

Notes to Table 6-5:

(1) G counters range from 1 through 512 if the output clock uses a 50% duty cycle. For any output clocks using a
non-50% duty cycle, the post-scale counters range from 1 through 256.

(2) Provided input clock jitter is within input jitter tolerance specifications.

(3) The smallest phase shift is determined by the V¢, period divided by eight. For degree increments, the Cyclone Il
device can shift all output frequencies in increments of at least 45°. Smaller degree increments are possible
depending on the frequency and divide parameters.
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Figure 6-7 shows the location of PLLs in Cyclone III devices.
Figure 6-7. Cyclone Il PLL Locations (Note 1)
CLK[8..11]
PLL /O Bank 8 /O Bank 7 PLL
3 2
GCLK[10..14]
4
1/0 Bank 1 ——> «—— 1/0 Bank 6
GCLK][0..4] GCLK[5..9]
CLKI0..3] = < CLK[4..7]
/0 Bank 2 — l«— 1/0 Bank 5
A
GCLK[15..19]
P1LL /0 Bank 3 /0 Bank 4 P';'—
CLK[12..15]

Note to Figure 6-7:
(1) This figure shows the P

LL and clock inputs in EP3C16 through EP3C120 devices. EP3C5 and EP3C10 devices have only eight global clock input

pins (CLK[0..3] and cLk [4..7])and PLLs 1 and 2.

Cyclone Il PL

L

Cyclone Ill PLL Hardware Overview

Cyclone III devices contain up to four PLLs with advanced clock management
features. The main goal of a PLL is to synchronize the phase and frequency of an
internal or external clock to an input reference clock. There are a number of
components that comprise a PLL to achieve this phase alignment.

Cyclone III PLLs align the rising edge of the input reference clock to a feedback clock
using the phase-frequency detector (PFD). Duty cycle specifications determine the
falling edges. The PFD produces an up or down signal that determines whether the
voltage-controlled oscillator (VCO) needs to operate at a higher or lower frequency.
The output of the PFD feeds the charge pump and loop filter, which produces a
control voltage for setting the VCO frequency. If the PFD produces an up signal, the
VCO frequency increases. A down signal decreases the VCO frequency. The PFD
generates these up and down signals to a charge pump. If the charge pump receives an
up signal, it drives current into the loop filter. Conversely, if it receives a down signal,
it draws current from the loop filter.
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The loop filter converts these up and down signals to a voltage used to bias the VCO.
The loop filter also removes glitches from the charge pump and prevents voltage
over-shoot, which filters the jitter on the VCO. The voltage from the loop filter
determines how fast the VCO operates. A divide counter (M) is inserted in the
feedback loop to increase the VCO frequency above the input reference clock. VCO
frequency (fyco) is equal to (M) times the input reference clock (fyg:). The input
reference clock (fyg) to the PFD is equal to the input clock (f,) divided by the pre-scale
counter. Therefore, the feedback clock (fy;) applied to one input of the PFD is locked to
the fr that is applied to the other input of the PFD.

The VCO output from the PLLs can feed five post-scale counters (C [4. .0]). These
post-scale counters allow the PLL to produce a number of harmonically related
frequencies.

Figure 6-8 shows a simplified block diagram of the major components of the
Cyclone III PLL.

Figure 6-8. Cyclone Ill PLL  (Nofe 1)

lock
LOCK —>
circuit
Dedicated clock 4 I 8 7
inputs = [ inciko 4@7_ PFD cp vCco I:2 (2)I 8
Clock < clkswitch — * PLL
ISwitchover] output
oLk incikt| [ Blog [ clkbado 4 mEX H—-—= GCLKs
@) = > clkbad1 VCO  —> VCOOVRR - External clock
——> activeclock Range T output
Detector — VCOUNDR .
pfdenar—
£
no compensation;
r ZDB mode
GCLK
source-synch; <~ networks
normal mode

Notes to Figure 6-8:

(1) Each clock source can come from any of the four clock pins located on the same side of the device as the PLL.
(2) This is the VCO post-scale counter K.

(3) This input port can be fed by a pin-driven dedicated global clock or through a clock control block if the clock control block is fed by an output from
another PLL or a pin-driven dedicated global clock. An internally generated global signal cannot drive the PLL.

=

The VCO post-scale counter Kis used to divide the supported VCO range by two. The
VCO frequency reported by the Quartus II software in the PLL summary section of
the compilation report takes into consideration the VCO post-scale counter value.
Therefore, if the VCO post-scale counter has a value of 2, the frequency reported can
be lower than the f,, specification specified in the DC and Switching Characteristics
chapter in volume 2 of the Cyclone I1I Device Handbook.
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External Clock Outputs

Each Cyclone III PLL supports one single-ended clock output (or one differential
pair). Only the CO output counter can feed the dedicated external clock outputs, as
shown in Figure 6-9, without going through the GCLK. Other output counters can
feed other I/0O pins through the GCLK.

Figure 6-9. External Clock Outputs for PLLs

Notes to Figure 6-9:

Co

ci
c2
PLL # c3

C4

clkena 0 (1)

clkena 1 (1)

PLL #_CLKOUTp (2)

PLL # CLKOUTn (2)

(1) These external clock enable signals are available only when using the ALTCLKCTRL megafunction.
(2) PLL# CLKOUTp and PLL# CLKOUTn pins are dual-purpose I/0 pins that you can use as one single-ended or one differential clock output.

Each pin of a differential output pair is 180° out of phase. The Quartus II software
places the NOT gate in the design into the I/O element to implement 180° phase with
respect to the other pin in the pair. The clock output pin pairs support the same 1/0
standards as standard output pins (in the top and bottom banks) as well as LVDS,
LVPECL, differential HSTL, and differential SSTL.

To determine which I/O standards are supported by the PLL clock input and output
pins, refer to the Cyclone 11l Device I/O Features chapter in volume 1 of the Cyclone 111
Device Handbook.

Cyclone III PLLs can also drive out to any regular I/O pin through the GCLK. You can
also use the external clock output pins as general purpose I/O pins if you do not need
external PLL clocking.
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Cyclone Il PLL Software Overview

The ALTPLL megafunction in the Quartus II software enables the Cyclone III PLLs.
Figure 6-10 shows the Cyclone IIIl PLL ports as named in the ALTPLL megafunction
of the Quartus II software.

Figure 6-10. Cyclone Ill PLL Ports

inclko (1) Physical pin [l
. Cl4.012) Signal driven by internal logic D
inclkt (1) or I/O pins
clkbad(t..0] Internal clock signal [ ]
clkswitch locked Signal driven to
internal logic or 1/0 pins
areset
activeclock
pfdena
scanclk scandataout
scandata scandone
scanclkena
phasedone
configupdate

phasecounterselect[2..0]
phaseupdown

phasestep

Notes to Figure 6-10:

(1) You can feed inc1ko or inclk1 clock input from any one of the four clock pins located on the same side of the device as the PLL. This input
port can also be fed by an output from another PLL, a pin-driven dedicated global clock, or through a clock control block if the clock control block
is fed by an output from another PLL or a pin-driven dedicated global clock. An internally generated global signal cannot drive the PLL.

(2) You can drive to GCLK (c[4..01) or dedicated external clock output pins (only C0).

For additional information about real-time PLL reconfiguration ports and dynamic
phase shifting, refer to “PLL Reconfiguration” on page 6-30.

Table 6-6 and Table 6-7 describe the basic PLL ports.

Table 6-6. PLL Input Signals (Part 1 of 2)

Port Description Source Destination
inclko Clock input to the PLL. Dedicated input clock Clock switchover
pin or the GCLK. (7) circuit.
inclk1l Clock input to the PLL. Dedicated input clock Clock switchover
pin or the GCLK. (7) circuit.
clkswitch Switchover signal used to initiate | Logic array. PLL switchover
external clock switchover control. circuit.
Active high.
areset Signal used to reset the PLL, Logic array. General PLL
which resynchronizes all the control signal.
counter outputs. Active high.
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Table 6-6. PLL Input Signals (Part 2 of 2)

Port Description Source Destination
pfdena Enables the outputs from the Logic array. PFD.
phase frequency detector. Active
high.

Note to Table 6-6:

(1) Theclock control block of the clock network must be fed by an output from another PLL or an external clock input
pin.

Table 6-7. PLL Output Signals

Port Description Source Destination
cl4..0] PLL output counters driving global or PLL counter | Internal or
external clocks. external clock
(only CO)
clkbad[1..0] | Signalsindicating which reference clockis | PLL Logic array
no longer toggling. c1kbadi indicates switchover
inclka1 status, c1kbado indicates circuit
inclko status.
0=good; 1=bad
locked Lock output from lock detect circuit. Active | PLL lock Logic array
high. detect
activeclock | Signaltoindicate which clock (0 = inc1ko | PLL clock Logic array
or1=1inclk1)is driving the PLL. If this multiplexer
signal is low, inc1ko drives the PLL. If
this signal is high, inc1k1 drives the PLL.

Clock Feedbhack Modes

Cyclone III PLLs support up to four different clock feedback modes. Each mode
allows clock multiplication and division, phase shifting, and programmable duty
cycle.

Input and output delays are fully compensated by the PLL only when using the
dedicated clock input pins associated with a given PLL as the clock sources. For
example, when using PLL1 in normal mode, the clock delays from the input pin to
PLL and PLL clock output-to-destination register are fully compensated provided the
clock input pin is one of the following four pins: CLK0, CLK1, CLK2, or CLK3. When
driving the PLL using the GCLK network, the input and output delays may not be
fully compensated in the Quartus II software.

Source-Synchronous Mode

If data and clock arrive at the same time at the input pins, the phase relationship
between them remains the same at the clock and data ports of any I/O element input
register.

Figure 6-11 shows an example waveform of the clock and data in this mode. Use this
mode for source-synchronous data transfers. Data and clock signals at the I/ O
element experience similar buffer delays as long as the same 1/O standard is used.
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i

Figure 6-11. Phase Relationship Between Clock and Data in Source-Synchronous Mode

Data pin :>< >< >< X
PLL reference
clock at input pin

Data at register :>< >< >< X
Clock at register

Source-synchronous mode compensates for delay of the clock network used plus any
difference in the delay between these two paths:

m Data pin to I/O element register input

m  Clock input pin to the PLL PFD input

Set the input pin to the register delay chain within the I/O element to zero in the
Quartus II software for all data pins clocked by a source-synchronous mode PLL.
Also, all data pins must use the PLL COMPENSATED logic option in the Quartus II
software.

No Compensation Mode

In no compensation mode, the PLL does not compensate for any clock networks. This
provides better jitter performance because clock feedback into the PFD does not pass
through as much circuitry. Both the PLL internal and external clock outputs are phase
shifted with respect to the PLL clock input.
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Figure 6-12. Phase Relationship between PLL Clocks in No Compensation Mode

Figure 6-12 shows a waveform example of the phase relationship of the PLL clock in

this mode.

Notes to Figure 6-12:
(1) Internal clocks fed by the PLL are phase-aligned to each other.
(2) The PLL clock outputs can lead or lag the PLL input clocks.

Normal Mode

Figure 6-13. Phase Relationship between PLL Clocks in Normal Mode

PLL Reference
Clock at the Input Pin

PLL Clock at the
Register Clock Port
(12

External PLL Clock
Qutputs (2)

Phase Aligned

:

An internal clock in normal mode is phase-aligned to the input clock pin. The external
clock output pin has a phase delay relative to the clock input pin if connected in this
mode. The Quartus II software timing analyzer reports any phase difference between
the two. In normal mode, the PLL fully compensates the delay introduced by the

GCLK network.

Figure 6-13 shows a waveform example of the PLL clocks’ phase relationship in this

mode.

Note to Figure 6-13:
(1) The external clock output can lead or lag the PLL internal clock signals.

PLL Reference
Clock at the Input pin

PLL Clock at the
Register Clock Port

External PLL Clock
Outputs (1)
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Zero Delay Buffer Mode

In zero delay buffer (ZDB) mode, the external clock output pin is phase-aligned with
the clock input pin for zero delay through the device. When using this mode, use the
same /0O standard on the input clock and output clocks in order to guarantee clock
alignment at the input and output pins.

Figure 6-14 shows an example waveform of the PLL clocks’ phase relationship in
ZDB mode.

Figure 6-14. Phase Relationship between PLL Clocks in Zero Delay Buffer Mode

Phase Aligned

PLL Reference Clock
at the Input Pin

PLL Clock
at the Register Clock Port

External PLL Clock Output
at the Output Pin

Hardware Features

Cyclone III PLLs support a number of features for general-purpose clock
management. This section discusses clock multiplication and division
implementation, phase-shifting implementations, and programmable duty cycles.

Clock Multiplication and Division

Each Cyclone III PLL provides clock synthesis for PLL output ports using
M/(N*post-scale counter) scaling factors. The input clock is divided by a pre-scale
factor, N, and is then multiplied by the M feedback factor. The control loop drives the
VCO tomatch f,y (M/N). Each output port has a unique post-scale counter that
divides down the high-frequency VCO. For multiple PLL outputs with different
frequencies, the VCO value is the least common multiple of the output frequencies
that meets its frequency specifications. For example, if output frequencies required
from one PLL are 33 and 66 MHz, the Quartus II software sets the VCO to 660 MHz
(the least common multiple of 33 and 66 MHz within the VCO range). Then, the
post-scale counters scale down the VCO frequency for each output port.

There is one pre-scale counter, N, and one multiply counter, M, per PLL, with a range
of 1 to 512 for both M and N. The N counter does not use duty cycle control since the
purpose of this counter is only to calculate frequency division. There are five generic
post-scale counters per PLL that can feed GCLKSs or external clock outputs. These
post-scale counters range from 1 to 512 with a 50% duty cycle setting. The post-scale
counters range from 1 to 256 with any non-50% duty cycle setting. The sum of the
high /low count values chosen for a design selects the divide value for a given
counter.
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The Quartus II software automatically chooses the appropriate scaling factors
according to the input frequency, multiplication, and division values entered into the
altpll megafunction.

[l=~ Phase alignment between output counters can be determined using the t;; pegr
specification.

Post-Scale Counter Cascading

Cyclone III PLLs support post-scale counter cascading to create counters larger than
512. This is implemented by feeding the output of one C counter into the input of the
next C counter, as shown in Figure 6-15.

Figure 6-15. Counter Cascading
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VCO Output >
ot >
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VCO Output >
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>
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>
VCO Output >
—>{ o}
|
VCO Output > :|
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When cascading counters to implement a larger division of the high-frequency VCO
clock, the cascaded counters behave as one counter with the product of the individual
counter settings.

For example, if CO = 4 and C1 =2, the cascaded value is CO x C1 = 8.

L=~ Post-scale counter cascading is automatically set by the Quartus II software in the
configuration file. It cannot be done using PLL reconfiguration.

Programmable Duty Cycle

The programmable duty cycle allows PLLs to generate clock outputs with a variable
duty cycle. This feature is supported on the PLL post-scale counters. You can achieve
the duty cycle setting by a low and high time count setting for the post-scale counters.
The Quartus II software uses the frequency input and the required multiply or divide
rate to determine the duty cycle choices. The post-scale counter value determines the
precision of the duty cycle. The precision is defined by 50% divided by the post-scale
counter value. For example, if the CO counter is 10, steps of 5% are possible for duty
cycle choices between 5 to 90%.

Combining the programmable duty cycle with programmable phase shift allows the
generation of precise non-overlapping clocks.
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PLL Control Signals

You can use the following three signals to observe and/or control the PLL operation
and resynchronization.

pfdena

Use the pfdena signal to maintain the last locked frequency so that your system has
time to store its current settings before shutting down. The pfdena signal controls the
PFD output with a programmable gate. If you disable the PFD, the VCO operates at
its last set value of control voltage and frequency with some long-term drift to a lower
frequency. The PLL continues running even though it goes out of lock or the input
clock is disabled. When the PFD is disabled, do not use the 1ocked signal to
determine whether the PLL is locked or not. You can use your own control signal or
the control signals available from the clock switchover circuit (activeclock,
clkbad[0], or clkbad[1]) to control the pfdena signal.

areset

The areset signal is the reset or resynchronization input for each PLL. The device
input pins or internal logic can drive these input signals. When driven high, the PLL
counters reset, clearing the PLL output and placing the PLL out of lock. The VCO is
then set back to its nominal setting. When driven low again, the PLL resynchronizes
to its input as it re-locks.

You must assert the areset signal every time the PLL loses lock to guarantee the
correct phase relationship between the PLL input clock and output clocks. You must
include the areset signal in your designs if one of the following conditions is true:

m PLL reconfiguration or clock switchover enabled in the design

m Phase relationships between the PLL input clock and output clocks must be
maintained after a loss-of-lock condition
L=~ If the input clock to the PLL is toggling or unstable upon power up, assert the areset
signal after the input clock is stable and within specifications.

locked

The 1ocked output indicates that the PLL has locked onto the reference clock and the
PLL clock outputs are operating at the desired phase and frequency set in the
Quartus I MegaWizard® Plug-in Manager. Without additional circuitry, the lock
signal toggles as the PLL begins the locking process. The lock detection block
provides a signa-to-core logic that gives an indication if the feedback clock has locked
onto the reference clock both in phase and frequency.

L=~ Altera recommends that you use the areset and locked signals in your designs to
control and observe the status of your PLL. When both the areset and locked
signals are enabled, there is extra logic added in the ALTPLL megafunction to
improve the robustness of the locked signal.

© QOctober 2008  Altera Corporation Cyclone IlI Device Handbook, Volume 1



6-22 Chapter 6: Clock Networks and PLLs in Cyclone Ill Devices
Hardware Features

This implementation is illustrated in Figure 6-16.

Figure 6-16. Locked Signal Implementation
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PLL

areset

If you use the SignalTap® II tool to probe the 1ocked signal before the D flipflop, the
locked signal goes low only when areset is deasserted. If the areset signal is not
enabled, the extra logic is not implemented in the ALTPLL megafunction.

Clock Switchover

The clock switchover feature allows the PLL to switch between two reference input
clocks. Use this feature for clock redundancy or for a dual-clock domain application
such as a system that turns on the redundant clock if the previous clock stops running.
The design can perform clock switchover automatically, when the clock is no longer
toggling, or based on the user control signal, clkswitch.

Automatic Clock Switchover

Cyclone III device PLLs support a fully configurable clock switchover capability.
When the current reference clock is not present, the clock-sense block automatically
switches to the backup clock for PLL reference. The clock switchover circuit also sends
out three status signals—clkbad [0], clkbad[1], and activeclock—from the

PLL to implement a custom switchover circuit. You can select a clock source at the
backup clock by connecting it to the inc1k1 port of the PLL in your design.

Figure 6-17 shows the block diagram of the switchover circuit built into the PLL.

Figure 6-17. Automatic Clock Switchover Circuit

P clkbad[0]
I: p clkbad[1]
L 4 P activeclock
IR
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inclkO
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inclkd n Counter > PFD
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muxout refclk >
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There are two possible ways to use the clock switchover feature:

m  Use the switchover circuitry for switching from inc1k0 to inclkl running at the
same frequency. For example, in applications that require a redundant clock with
the same frequency as the reference clock, the switchover state machine generates
a signal that controls the multiplexer select input shown in Figure 6-17. In this
case, inclk1l becomes the reference clock for the PLL. This automatic switchover
can switch back and forth between the inc1k0 and inclk1 clocks any number of
times, when one of the two clocks fails and the other clock is available.

m  Use the clkswitchinput for user- or system-controlled switch conditions. This is
possible for same-frequency switchover or to switch between inputs of different
frequencies. For example, if inc1ko0 is 66 MHz and inc1lk1 is 200 MHz, you must
control the switchover because the automatic clock-sense circuitry cannot monitor
primary and secondary clock frequencies with a frequency difference of more than
20%. This feature is useful when clock sources can originate from multiple cards
on the backplane, requiring a system-controlled switchover between frequencies
of operation. Choose the secondary clock frequency so the VCO operates within
the recommended frequency range. Also, setthe M, N, and C counters accordingly
to keep the VCO operating frequency in the recommended range.

Figure 6-18 shows a waveform example of the switchover feature when using
automatic loss of clock detection. Here, the inc1ko0 signal remains low. After the
inclko signal remains low for approximately two clock cycles, the clock-sense
circuitry drives the clkbad [0] signal high. Also, because the reference clock signal is
not toggling, the switchover state machine controls the multiplexer through the
clksw signal to switch to inclkl.

Figure 6-18. Automatic Switchover Upon Clock Loss Detection (Note 1)

inclkO

inclk1 EI? j ﬂi
(1)
muxout

clkbad0 |

clkbad1

activeclock

Note to Figure 6-18:

(1) Switchover is enabled on the falling edge of inc1k0 or inclk1, depending on which clock is available. In this
figure, switchover is enabled on the falling edge of inclki1.

Manual Override

When using automatic switchover, switch input clocks by using the manual override
feature with the clkswitch input.
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Figure 6-19 shows an example of a waveform illustrating the switchover feature
when controlled by clkswitch. In this case, both clock sources are functional and
inclko is selected as the reference clock. A low-to-high transition of the c1kswitch
signal initiates the switchover sequence. The clkswitch signal must be high for at
least three clock cycles (at least three of the longer clock period if inc1k0 and inclkl
have different frequencies). On the falling edge of inc1ko, the counter’s reference
clock, muxout, is gated off to prevent any clock glitching. On the falling edge of
inclkl, the reference clock multiplexer switches from inclk0 to inclkl as the PLL
reference. This is also when the act iveclock signal changes to indicate which clock
is currently feeding the PLL.

In this mode, the act iveclock signal mirrors the clkswitch signal. As both blocks
are still functional during the manual switch, neither c1kbad signals go high. Since
the switchover circuit is positive edge-sensitive, the falling edge of the c1kswitch
signal does not cause the circuit to switch back from inclkl to inclk0. When the
clkswitch signal goes high again, the process repeats. The clkswitch signal and
automatic switch only work if the clock being switched to is available. If the clock is
not available, the state machine waits until the clock is available.

Figure 6-19. Clock Switchover Using the clkswitch Gontrol
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Manual Clock Switchover

Cyclone III PLLs support manual switchover, where the c1kswitch signal controls
whether inclk0 or inclk1 is the input clock to the PLL. The characteristics of
manual switchover are similar to the manual override feature in an automatic clock
switchover, where the switchover circuit is edge-sensitive. When the c1kswitch
signal goes high, the switchover sequence starts. The falling edge of the clkswitch
signal does not cause the circuit to switch back to the previous input clock.

<o For more information about PLL software support in the Quartus II software, refer to
the ALTPLL Megafunction User Guide.

Guidelines
Use the following guidelines to design with clock switchover in PLLs:

m  Clockloss detection and automatic clock switchover requires that the inc1k0 and
inclkl frequencies be within 20% of each other. Failing to meet this requirement
causes the clkbad [0] and clkbad [1] signals to function improperly.
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m  When using manual clock switchover, the difference between inclk0 and
inclkl can be more than 20%. However, differences between the two clock
sources (frequency, phase, or both) will likely cause the PLL to lose lock. Resetting
the PLL ensures that the correct phase relationships are maintained between input
and output clocks.

m Applications that require a clock switchover feature and a small frequency drift
need to use a low-bandwidth PLL. The low-bandwidth PLL reacts slower than a
high-bandwidth PLL to reference input clock changes. When the switchover
happens, alow-bandwidth PLL propagates the stopping of the clock to the output
slower than a high-bandwidth PLL. A low-bandwidth PLL filters out jitter on the
reference clock. However, be aware that the low-bandwidth PLL also increases
lock time.

m After a switchover occurs, there may be a finite resynchronization period for the
PLL to lock onto a new clock. The exact amount of time it takes for the PLL to
re-lock is dependent on the PLL configuration.

m If the phase relationship between the input clock to the PLL and output clock from
the PLL is important in your design, assert areset for 10 ns after performing a
clock switchover. Wait for the locked signal (or gated lock) to go high before
re-enabling the output clocks from the PLL.

m Figure 6-20 shows how the VCO frequency gradually decreases when the primary
clock is lost and then increases as the VCO locks on to the secondary clock. After
the VCO locks on to the secondary clock, some overshoot can occur (an
over-frequency condition) in the VCO frequency.

Figure 6-20. VCO Switchover Operating Frequency

Primary Clock Stops Running Frequency Overshoot

Switchover Occurs

/ ~——— > V(0 Tracks Secondary Clock

m Disable the system during switchover if it is not tolerant to frequency variations
during the PLL resynchronization period. You can use the clkbad[0] and
clkbad [1] status signals to turn off the PFD (pfdena = 0) so the VCO maintains
its last frequency. You can also use the switchover state machine to switch over to
the secondary clock. Upon enabling the PFD, output clock enable signals
(c1lkena) can disable clock outputs during the switchover and resynchronization
period. When the lock indication is stable, the system can re-enable the output
clock or clocks.

Programmable Bandwidth

Cyclone III PLLs provide advanced control of the PLL bandwidth using the PLL
loop’s programmable characteristics, including loop filter and charge pump.
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Background

PLL bandwidth is the measure of the PLL’s ability to track the input clock and its
associated jitter. The closed-loop gain 3-dB frequency in the PLL determines the PLL
bandwidth. The bandwidth is approximately the unity gain point for open-loop PLL
response.

As Figure 6-21 shows, these points correspond to approximately the same frequency.
Cyclone III PLLs provide three bandwidth settings—low, medium (default), and high.

Figure 6-21. Open- and Closed-Loop Response Bode Plots

Open-Loop Reponse Bode Plot

Gain

Closed-Loop Reponse Bode Plot

Gain

0dB

Increasing the PLL's
bandwidth in effect pushes
the open loop response out.

Frequency

Frequency

A high-bandwidth PLL provides a fast lock time and tracks jitter on the reference
clock source, passing it through to the PLL output. A low-bandwidth PLL filters out
reference clock jitter but increases lock time. Cyclone III PLLs allow you to control the
bandwidth over a finite range to customize the PLL characteristics for a particular
application. The programmable bandwidth feature in Cyclone IIl PLLs benefits
applications requiring clock switchover and PLL cascading.
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Implementation

A high-bandwidth PLL can benefit a system that needs to accept a spread-spectrum
clock signal. Cyclone III PLLs can track a spread-spectrum clock by using a
high-bandwidth setting. Using a low-bandwidth setting in this case could cause the
PLL to filter out the jitter on the input clock.

A low-bandwidth PLL can benefit a system using clock switchover. When clock
switchover happens, the PLL input temporarily stops. A low-bandwidth PLL reacts
more slowly to changes on its input clock and takes longer to drift to a lower
frequency (caused by the input stopping) than a high-bandwidth PLL.

Traditionally, external components such as the VCO or loop filter control a PLL’s
bandwidth. Most loop filters consist of passive components such as resistors and
capacitors that take up unnecessary board space and increase cost. With Cyclone III
PLLs, all the components are contained within the device to increase performance and
decrease cost.

When you specify the bandwidth setting (low, medium, or high) in the ALTPLL
MegaWizard Plug-In Manager, the Quartus II software automatically sets the
corresponding charge pump and loop filter (I, R, C) values to achieve the desired
bandwidth range.

Figure 6-22 shows the loop filter and the components that you can set using the
Quartus II software. The components are the loop filter resistor, R, the high frequency
capacitor, Cy, and the charge pump current, I, or Ipy.

Figure 6-22. Loop Filter Programmable Components

—»@llup

PFD °

Phase-Shift Inplementation

Phase shift is used to implement a robust solution for clock delays in Cyclone III
devices. Phase shift is implemented by using a combination of the VCO phase output
and the counter starting time. The VCO phase output and counter starting time are
the most accurate method of inserting delays, because they are based only on counter
settings, which are independent of process, voltage, and temperature.

You can phase shift the output clocks from the Cyclone III PLLs in either:
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m Fine resolution using VCO phase taps, or
m  Coarse resolution using counter starting time

Fine resolution phase shifts are implemented by allowing any of the output counters
(c[4..0])or the M counter to use any of the eight phases of the VCO as the reference
clock. This allows you to adjust the delay time with a fine resolution. The minimum
delay time that you can insert using this method is shown in Equation 6-1.

Equation 6-1.

Pfine = g~ = §F, 5 = 8Mfagy

where fyg is input reference clock frequency.

For example, if figr is 100 MHz, N =1, and M = 8, then f,, = 800 MHz, and ®fine =
156.25 ps. The PLL operating frequency defines this phase shift, a value that depends
on reference clock frequency and counter settings.

Coarse resolution phase shifts are implemented by delaying the start of the counters
for a predetermined number of counter clocks. You can express coarse phase shift
shown in Equation 6-2.

Equation 6-2.

C-1 _(C-1)N
fueo Mfpgr

Dcoarse =

C is the count value set for the counter delay time (this is the initial setting in the PLL
usage section of the compilation report in the Quartus II software). If the initial value
is1, C =1 = 0° phase shift.

Figure 6-23 shows an example of phase shift insertion using fine resolution through
VCO phase taps method. The eight phases from the VCO are shown and labeled for
reference. For this example, CLKO is based on 0°phase from the VCO and has the C
value for the counter set to one. The CLK1 signal is divided by four: two VCO clocks
for high time and two VCO clocks for low time. CLK1 is based on the 135° phase tap
from the VCO and has the C value for the counter set to one. The CLK1 signal is also
divided by four. In this case, the two clocks are offset by 3 @ .. CLK2 is based on the
0° phase from the VCO but has the C value for the counter set to three. This creates a
delay of two @, (two complete VCO periods).

coarse
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Figure 6-23. Delay Insertion Using VCO Phase Output and Counter Delay Time
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You can use the coarse and fine phase shifts to implement clock delays in Cyclone III
devices.

Cyclone III devices support dynamic phase shifting of VCO phase taps only. The
phase shift is configurable for any number of times. Each phase shift takes about one
SCANCLK cycle, allowing you to implement large phase shifts quickly.

PLL Cascading

Two PLLs may be cascaded to each other through the clock network. If the design
cascades PLLs, the source (upstream) PLL needs to have a low-bandwidth setting,
while the destination (downstream) PLL needs to have a high-bandwidth setting.

Figure 6-24 shows using GCLK while cascading PLLs.
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Figure 6-24. PLL Cascading Using GCLK (Nofe 1)
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Note to Figure 6-24:
(1) For EP3C5 and EP3C10 devices, there are only two PLLs (PLL1 and PLL2), ten clock control blocks, and ten GCLKs.

PLL Reconfiguration

PLLs use several divide counters and different VCO phase taps to perform frequency
synthesis and phase shifts. In Cyclone Il PLLs, you can reconfigure both counter
settings and phase shift the PLL output clock in real time. You can also change the
charge pump and loop filter components, which dynamically affects PLL bandwidth.
You can use these PLL components to update the output clock frequency, PLL
bandwidth, and phase-shift in real time—without reconfiguring the entire FPGA.
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The ability to reconfigure the PLL in real time is useful in applications that might
operate at multiple frequencies. It is also useful in prototyping environments,
allowing you to sweep PLL output frequencies and adjust the output clock phase
dynamically. For instance, a system generating test patterns is required to generate
and transmit patterns at 75 or 150 MHz, depending on the requirements of the device
under test. Reconfiguring PLL components in real time allows you to switch between
two such output frequencies within a few microseconds.

You can also use this feature to adjust clock-to-out (t.,) delays in real time by
changing the PLL output clock phase shift. This approach eliminates the need to
regenerate a configuration file with the new PLL settings.

PLL Reconfiguration Hardware Implementation

The following PLL components are configurable in real time:

F

Pre-scale counter (N)
Feedback counter (M)
Post-scale output counters (C0-C4)

Dynamically adjust the charge pump current (I.,) and loop filter components (R,
C) to facilitate on-the-fly reconfiguration of the PLL bandwidth

igure 6-25 shows how to adjust PLL counter settings dynamically by shifting their

new settings into a serial shift register chain or scan chain. Serial data shifts to the scan
chain via the scandata port and shift registers are clocked by scanclk. The
maximum scanclk frequency is 100 MHz. After shifting the last bit of data, asserting
the configupdate signal for at least one scanclk clock cycle synchronously
updates the PLL configuration bits with the data in the scan registers.

Figure 6-25. PLL Reconfiguration Scan Chain
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I

The counter settings are updated synchronously to the clock frequency of the
individual counters. Therefore, not all counters update simultaneously.

Table 6-8 shows how the programmable logic device (PLD) logic array or I/O pins

drive these signals.

Table 6-8. Real-Time PLL Reconfiguration Ports

PLL Port Name Description Source Destination
scandata Serial input data stream to scan chain. Logic array or 1/0 pins PLL reconfiguration
circuit

scanclk Serial clock input signal. This clock can be free | Logic array or I/0 pins PLL reconfiguration
running. circuit

configupdate | Updates datainthe scan chaintothe PLL. Active | Logic array or 1/0 pins PLL reconfiguration
high. circuit

scanclkena Enables scanclk and allows the scandata | Logic array or I/0 pins PLL reconfiguration
to be loaded in the scan chain. Active high. circuit

scandone A high pulse indicates the PLL has finished PLL reconfig. circuit Logic array or I/0 pins
reconfiguration.

scandataout | Shifts out contents of the scan chain. PLL reconfig. circuit Logic array or I/0 pins

Cyclone Il Device Handbook, Volume 1

To reconfigure the PLL counters, perform the following steps:

1. The scanclkena signal is asserted at least one scanclk cycle prior to shifting in

the first bit of scandata (Dn).

2. Serial data (scandata) is shifted into the scan chain on the second rising edge of

scanclk.

3. After all 144 bits have been scanned into the scan chain, the scanclkena signal is
deasserted to prevent inadvertent shifting of bits in the scan chain.

4. The configupdate signal is asserted for one scanclk cycle to update the PLL

counters with the contents of the scan chain.

5. The scandone signal goes high indicating that the PLL is being reconfigured. A
falling edge indicates that the PLL counters have been updated with new settings.

6. Reset the PLL using the areset signal if you make any changes to the M, N

counters or the I, R, C settings.

7. You can repeat steps 1 through 5 to reconfigure the PLL any number of times.

Figure 6-26 shows a functional simulation of the PLL reconfiguration feature.
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Figure 6-26. PLL Reconfiguration Scan Chain
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I'=~ When reconfiguring the counter clock frequency, the corresponding counter

phase-shift settings cannot be reconfigured using the same interface. You can
reconfigure phase shifts in real time using the dynamic phase-shift reconfiguration
interface. If you reconfigure the counter frequency, but wish to keep the same
non-zero phase-shift setting (for example, 90°) on the clock output, you will need to
reconfigure the phase shift after reconfiguring the counter clock frequency.

Post-Scale Counters (GO to C4)

You can configure multiply or divide values and duty cycle of post-scale counters in
real time. Each counter has an 8-bit high time setting and an 8-bit low time setting.
The duty cycle is the ratio of output high or low time to the total cycle time, which is
the sum of the two. Additionally, these counters have two control bits, rbypass, for
bypassing the counter, and rselodd, to select the output clock duty cycle.

When the rbypass bit is set to 1, it bypasses the counter, resulting in a divide by one.
When this bit is set to 0, the PLL computes the effective division of the VCO output
frequency based on the high and low time counters. For example, if the post-scale
divide factor is 10, the high and low count values can be set to 5 and 5 respectively, to
achieve a 50-50% duty cycle. The PLL implements this duty cycle by transitioning the
output clock from high-to-low on the rising edge of the VCO output clock. However, a
4 and 6 setting for the high and low count values, respectively, would produce an
output clock with 40-60% duty cycle.

The rselodd bit indicates an odd divide factor for the VCO output frequency with a
50% duty cycle. For example, if the post-scale divide factor is three, the high and low
time count values are 2 and 1, respectively, to achieve this division. This implies a
67%-33% duty cycle. If you need a 50%-50% duty cycle, you must set the rselodd
control bit to 1 to achieve this duty cycle despite an odd division factor. The PLL
implements this duty cycle by transitioning the output clock from high-to-low on a
falling edge of the VCO output clock. When you set rselodd = 1, subtract 0.5 cycles
from the high time and add 0.5 cycles to the low time.

For example:
m High time count = 2 cycles

m Low time count =1 cycle
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B rselodd =1 effectively equals:
m High time count = 1.5 cycles
m Low time count = 1.5 cycles

m  Duty cycle = (1.5/3)% high time count and (1.5/3)% low time count

Scan Chain Description

Cyclone III PLLs have a 144-bit scan chain. Table 6-9 shows the number of bits for
each component of the PLL.

Table 6-9. Cyclone Ill PLL Reprogramming Bits

Number of Bits

Block Name Counter Other Total
C4 (1) 16 2(2) 18
c3 16 2(2) 18
C2 16 2(2) 18
c1 16 2(2) 18
co 16 2(2) 18
M 16 2(2) 18
N 16 2 (2) 18
Charge Pump 9 0 9
Loop Filter (3) 9 0 9
Total number of bits: 144

Notes to Table 6-9:

(1) LSB bit for C4 low-count value is the first bit shifted into the scan chain.

(2) These two control bits include rbypass, for bypassing the counter, and rselodd, to select the output clock
duty cycle.

(3) MSB bit for loop filter is the last bit shifted into the scan chain.
Figure 6-27 shows the scan chain order of the PLL components.

Figure 6-27. PLL Component Scan Chain Order

LF | cP
DATAIN ———> | e LsB » N > M p CO

DATAOUT ¢— C4 C3 c2 C1
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A

Figure 6-28 shows the scan chain bit order sequence for one PLL post-scale counter in
Cyclone III PLLs.
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Figure 6-28. Scan Chain Bit Order
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Charge Pump and Loop Filter

You can reconfigure the charge pump and loop filter settings to update the PLL

bandwidth in real time. Table 6-10 through Table 6-12 show the possible settings for
charge pump (ICP) and loop filter resistor (R) and capacitor (C) values for the
Cyclone III PLLs.

Tahle 6-10. Charge Pump Bit Control

CP[2] CP[1] CP[0] Setting (Decimal)
0 0 0 0
1 0 0 1
1 1 0 3
1 1 1 7
Tahle 6-11. Loop Filter Resistor Value Control
Setting
LFR[4] LFR[3] LFR[2] LFR[1] LFR[0] (Decimal)
0 0 0 0 0 0
0 0 0 1 1 3
0 0 1 0 0 4
0 1 0 0 0 8
1 0 0 0 0 16
1 0 0 1 1 19
1 0 1 0 0 20
1 1 0 0 0 24
1 1 0 1 1 27
1 1 1 0 0 28
1 1 1 1 0 30

Tahle 6-12. Loop Filter Control of High Frequency Capacitor

LFC[1] LFC[0] Setting (Decimal)
0 0 0
0 1 1
1 1 3
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Bypassing PLL Counter

Bypassing a PLL counter results in a multiply (M counter) or a divide (N, CO to C4
counters) factor of one.

Table 6-13 shows the settings for bypassing the counters in Cyclone Il PLLs.

Table 6-13. PLL Counter Settings
PLL Scan Chain Bits [0..8] Settings

LSB MSB Description
X X X X X X X X 1 (1) | PLL counter bypassed
X X X X X X X X 0(7) | PLL counter not bypassed

Note to Table 6-13:
(1) Bypass bit.

To bypass any of the PLL counters, set the bypass bit to 1. This ignores the values on
the other bits.

Dynamic Phase Shifting

The dynamic phase shifting feature allows the output phase of individual PLL
outputs to be dynamically adjusted relative to each other and the reference clock
without the need to send serial data through the scan chain of the corresponding PLL.
This simplifies the interface and allows you to quickly adjust clock-to-out (t..) delays
by changing output clock phase shift in real time. This is achieved by incrementing or
decrementing the VCO phase-tap selection to a given C counter or to the M counter.
The phase is shifted by 1/8 the VCO frequency at a time. The output clocks are active
during this phase reconfiguration process.

Table 6-14 shows the control signals that are used for dynamic phase shifting.

Table 6-14. Dynamic Phase Shifting Control Signals (Part 1 of 2)

Signal Name Description Source Destination
phasecounterselect [2:0] | Counter Select. Three bits decoded to select | Logic array or I/0 | PLL
either the M or one of the C counters for pins reconfiguration
phase adjustment. One address map to select circuit

all C counters. This signal is registered in the
PLL on the rising edge of SCANCLK.

phaseupdown Selects dynamic phase shift direction; 1= UP; | Logic array or 1/0 PLL
0 = DOWN. Signal is registered in the PLL on | pins reconfiguration
the rising edge of SCANCLK. circuit
phasestep Logic high enables dynamic phase shifting. | Logic array or 1/0 | PLL
pins reconfiguration
circuit
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Table 6-14. Dynamic Phase Shifting Control Signals (Part 2 of 2)

Signal Name Description Source Destination

scanclk Free running clock from core used in GGLK or 1/0 pins PLL
combination with PHASESTEP to enable or reconfiguration
disable dynamic phase shifting. Shared with circuit
SCANCLK for dynamic reconfiguration.

phasedone When asserted, it indicates to core logic that | PLL reconfiguration | Logic array or
the phase adjustment is complete and PLL is | circuit I/0 pins
ready to act on a possible second adjustment
pulse. Asserts based on internal PLL timing.
Deasserts on rising edge of SCANCLK.

Table 6-15 shows the PLL counter selection based on the corresponding
PHASECOUNTERSELECT setting.

Table 6-15. Phase Counter Select Mapping

phasecounterselect

[2] 1] [0] Selects
0 0 All Qutput Counters
0 1 M Counter

1 0 CO Counter

1 1 C1 Counter
0 0

0 1

1 0

C2 Counter
C3 Counter
C4 Counter

0
0
0
0
1
1
1

To perform one dynamic phase shift step, perform the following procedure:
1. Set phaseupdown and phasecounterselect as required.

2. Assertphasestep for at least two scanclk cycles. Each phasestep pulse
enables one phase shift.

3. Deassert phasestep.
4. Wait for phasedone to go high.

5. You can repeat steps 1 through 4 as many times as required to get multiple phase
shifts.

All signals are synchronous to scanclk, so they are latched on the scanclk edges
and must meet tg,/t, requirements (with respect to the scanclk edges).

Dynamic phase shifting can be repeated indefinitely. All signals are synchronous to
scanclk, so they must meet ty,/t,, requirements with respect to scanclk edges.
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The phasestep signal is latched on the negative edge of scanclk. In Figure 6-29,
this is shown by the second scanclk falling edge. Phasestep must stay high for at
least two scanclk cycles. On the second scanclk rising edge after phasestep is
latched (indicated by the fourth rising edge), the values of phaseupdown and
phasecounterselect are latched and the PLL starts dynamic phase shifting for the
specified counter or counters and in the indicated direction. On the fourth scanclk
rising edge, phasedone goes high to low and remains low until the PLL finishes
dynamic phase shifting. You can perform another dynamic phase shift after the
phasedone signal goes from low to high.

Figure 6-29. PLL Dynamic Phase Shift

scanclk

phasestep

phasedone L____________r—————————

Depending on the VCO and scanclk frequencies, phasedone low time may be
greater than or less than one scanclk cycle. The maximum time for reconfiguring
phase shift dynamically is to be determined (TBD) based on device characterization.

After phasedone goes from low to high, you can perform another dynamic phase

shift. Phasestep pulses must be at least one scanclk cycle apart.

For details about the ALTPLL_RECONFIG MegaWizard Plug-In Manager, refer to the
ALTPLL_RECONFIG Megafunction User Guide.

Spread-Spectrum Clocking

Cyclone III devices can accept a spread-spectrum input with typical modulation
frequencies. However, the device cannot automatically detect that the inputis a
spread-spectrum signal. Instead, the input signal looks like deterministic jitter at the
input of the PLL. Cyclone III PLLs can track a spread-spectrum input clock as long as
it is within the input jitter tolerance specifications and the modulation frequency of
the input clock is below the PLL bandwidth, which is specified in the fitter report.
Cyclone III devices cannot generate spread-spectrum signals internally.

PLL Specifications

For information about PLL timing specifications, refer to the Cyclone III Device
datasheet in the DC and Switching Characteristics chapter in volume 2 of the Cyclone I1I
Device Handbook.
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PLL circuits in Cyclone III devices contain analog components embedded in a digital
device. These analog components have separate power and ground pins to minimize
noise generated by the digital components.

VCGCA and GNDA

Each Cyclone III PLL uses separate VCC and ground pin pairs for their analog
circuitry. The analog circuit power and ground pin for each PLL is called VCCA<PLL
number> and GNDA. Connect the VCCA power pin to a 2.5-V power supply even if you
do not use the PLL.

VCCD and GND

Digital power and ground pins are labeled VCCD PLL<PLL number> and GND. The
VCCD pin supplies the power for the digital circuitry in the PLL. Connect these VCCD
pins to the quietest digital supply on the board. Connect the VCCD pins to a 1.2-V
power supply even if you do not use the PLL. You can connect the GND pins directly to
the same ground plane as the device’s digital ground.

«o For information about the decoupling recommendations for VCCA and VCCD pins,
refer to the Cyclone I1I Device Family Pin Connection Guidelines.

Power Consumption

You can use the Quartus II PowerPlay Power Analyzer tool or the PowerPlay Early
Power Estimator to estimate the power consumption of the PLLs.

<o For more information about the Quartus Il PowerPlay Power Analyzer, refer to the
PowerPlay Power Analysis chapter in volume 3 of the Quartus II Handbook.

<o For more information about the PowerPlay Early Power Estimator, refer to the
PowerPlay Early Power Estimator User Guide for Cyclone III FPGASs.
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Conclusion

Cyclone III device PLLs give you complete control of device clocks and system
timing. The ability to reconfigure the PLL counter clock frequency and phase shift in
real time can be especially useful in prototyping environments, allowing you to sweep
PLL output frequencies and adjust the output clock phase shift dynamically. These
PLLs are capable of offering flexible system-level clock management that was
previously only available in discrete PLL devices. Cyclone III PLLs meet and exceed
the features offered by these high-end discrete devices, reducing the need for other
timing devices in the system.
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Table 6-16 shows the revision history for this chapter.

Table 6-16. Document Revision History (Part 1 of 2)

Date and
Document
Version

Changes Made

Summary of Changes

October 2008 n
v2.1

Updated the “Dynamic Phase Shifting” and
“Introduction” sections

Updated Figure 6-2, Figure 6-8, and
Figure 624

Updated chapter to new template

May 2008 n
v2.0

Updated Figure 6-2 and added (Note 3)
Updated Table 6-3

Updated “clkena Signals” section
Updated Figure 6-8 and added (Note 3)
Updated “PLL Control Signals” section
Updated “PLL Cascading” section

Updated “Cyclone |1l PLL Hardware Overview”
section

Updated Table 6-6

Updated Table 6-7

Updated Figure 6-14

Updated “PLL Cascading” section

Updated “Clock Multiplication and Division”
section

Updated Step 6-32 in “PLL Reconfiguration
Hardware Implementation” section

Updated “Spread-Spectrum Clocking” section
Updated Figure 6-29

Updated “VCCD and GND” section

Added “Power Consumption” section

September 2007 | m
vi2

Updated “Board Layout” section and removed
Figure 6-30
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Figure 6-16

Updated “Manual Override” section
Updated “Manual Clock Switchover” section

Added new “Programmable Bandwidth”
section with Figure 6-21 and Figure 6-22

Replaced Figure 6-30 with correct diagram
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fAN TERA Section 2. 1/0 and External
= ® Memory Interfaces

This section provides information about Cyclone® III device I/O features and
high-speed differential and external memory interfaces.

This section includes the following chapters:

m  Chapter 7, Cyclone III Device I/O Features

m  Chapter 8, High-Speed Differential Interfaces in Cyclone III Devices
m Chapter 9, External Memory Interfaces in Cyclone III Devices

Revision History

Refer to each chapter for its own specific revision history. For information about when
each chapter was updated, refer to the “Chapter Revision Dates” section, which
appears in the complete handbook.
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Introduction

Overview

Two key factors affecting board design today drove the design of Cyclone® III devices
1/ O capabilities. The first is the diversification of I/O standards in many low-cost
applications. The second is a significant increase in required I/O performance.
Altera’s objective was to create a device that made accommodating these design needs
easy and flexible.

Cyclone Il I/O flexibility has been increased from previous generation low-cost
FPGAs by allowing all I/O standards to be selected on all I/O banks. Improvements
to on-chip termination (OCT) support and the addition of dedicated differential
buffers have eliminated the need for external resistors in many applications, such as
display system interfaces. The Altera® Quartus® II software completes the solution
with powerful pin planning features that allow you to plan and optimize I/O system
designs even before the design files are available.

This chapter contains the following sections:
m “Cyclone Il I/O Element”

m “I/O Element Features”

m “On-Chip Termination (OCT) Support”
m “I/O Standards”

B “Termination Scheme for I/O Standards”

m “I/OBanks”

Each Cyclone III device I/O pin s fed by an I/ O element (IOE) located at the ends of
logic array block (LAB) rows and columns around the periphery of the Cyclone III
device. The 1/0O pins support various single-ended and differential I/O standards.
Each IOE contains a bidirectional I/O buffer and five registers for registering input,
output, and output enable signals. Cyclone III I/O supports a wide range of features,
including;:

m Single-ended non-voltage-referenced and voltage-referenced 1/O standards
m Differential I/O standards

m  Output current strength control

m Programmable slew rate control

m  Open-drain outputs

m Bus-hold circuitry

m PCl-clamp diode

m Programmable pull-up resistors in user mode
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m Programmable input and output delays
m Programmable low-voltage differential signaling (LVDS) pre-emphasis

®m  On-chip termination with and without calibration

Cyclone III device IOEs contain a bidirectional I/O buffer and five registers for
complete embedded bidirectional single-data rate transfer.

The IOE contains one input register, two output registers, and two output-enable (OE)
registers. The two output registers and two OE registers are utilized for DDR
applications. You can use input registers for fast setup times and output registers for
fast clock-to-output times. Additionally, you can use OE registers for fast
clock-to-output enable timing. You can use IOEs for input, output, or bidirectional
data paths.

Figure 7-1 shows the Cyclone III IOE structure.

Figure 7-1. Cyclone Il IOE Structure

Logic Array
OE Register
OE
CLK_Out
Output Register j >
Output A D Q ]
Input Register K}T
“»D Q
Output Register >
Output B P D Qr—
»
Input (1) <&
CLK_In

Note to Figure 7-1:

(1) There are two paths available for combinational or registered inputs to the logic array. Each path contains a unique programmable delay chain.
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IOEs are located in I/O blocks around the periphery of the Cyclone III device. There
are up to four IOEs per row I/O block and up to five IOEs per column I/O block
(column I/0O blocks span two columns), depending on logic element (LE)-rich or

I/ O-rich devices.

The row I/0 blocks drive row, column, or direct link interconnects. The column I/0
blocks drive column interconnects.

«e® For more information about Cyclone III routing architecture, refer to the MultiTrack
Interconnect chapter in volume 1 of the Cyclone III Device Handbook.

Figure 7-2 shows how a row I/O block connects to the logic array.

Figure 7-3 and Figure 7—4 show how a column I/O block connects to the logic array.

Figure 7-2. Row I/0 Block Connection to the Interconnect

R4 Interconnect

R24 Interconnect «— €4 Interconnect
g ‘ 1/0 Block Local
<€ Interconnect

+ A

\4

IS 32 Data and Control
Signals from
Logic Array (1)
32
LAB Horizontal
1/0 Block
- io_dataina[3..0]
io_datainb[3..0] (2)
. . Direct Link
lf?tlg ‘;Lfé /&rlrgﬁ . Interconnect
; from Adjacent LAB Horizontal I/0
fo Adjacent LAB io_clk[5..01 " pyock Contains
LAB Local up to Four 10Es

Interconnect

Notes to Figure 7-2:
(1) The 32 data and control signals are used to support up to four IOEs on each row 1/0 block.
(2) Each of the four I0Es in the row I/0 block can have two io_datain (combinational or registered) inputs.
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Figure 7-3. Column I/0 Block Connection to the Interconnect for LE-Rich Devices (EP3C5, EP3C10, EP3C25, EP3C55,
EP3C80, and EP3C120)

Column 1/0
Column 1/O Block e— Block Contains
up to Four 10Es
A A
32 Data and 32 10_datainaf3:0] e io clk[5..0]
Control Signals > 10_datainb[3:0](2) -
from Logic Array (1) \ 4
1/0 Block —»>
Local Interconnect A A A
vl vl v
R4 and R24 Interconnects
A A A

\ 4
A
\ 4
A
\

<.
«

A

LAB

A
A

\ 4
LAB LAB

N NN N A NN

LAB Local c4 Cc16 LAB Local c4 C16 LAB Local
Interconnect Interconnect  Interconnect  Interconnect Interconnect Interconnect  Interconnect

Notes to Figure 7-3:
(1) The 32 data and control signals are used to support up to four IOEs per two column 1/0 blocks.
(2) Each of the four I0Es in the column 1/0 block can have two io_datain (combinational or registered) inputs.
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Figure 7-4. Column I/0 Block Connection to the Interconnect for I/0-Rich Devices (EP3C16 and EP3C40)

Column I/0
Column I/O Block [«— Block Contains
up to Four I0Es
A A
40 Data and 10_dataina[4:0] ] io_ clK(5..0]
Control Signals 10_datainbf4:0](2) ' .
from Logic Array (1) \ 4

1/0 Block
Local Interconnect A A

R4 & R24 Interconnects

A A A
- —>
LAB LAB LAB

LAB Local
Interconnect

\ 4

A

C16 Interconnect

Notes to Figure 7-4:
(1) The 40 data and control signals are used to support up to five IOEs per two column I/0 block.
(2) Each of the five IOEs in the column I/0 block can have two io_datain (combinational or registered) inputs.

The pin’s datain signals can drive the logic array. The logic array drives the control
and data signals, providing a flexible routing resource. The row or column IOE clocks
(io_clk[5..0]) provide a dedicated routing resource for low-skew, high-speed
clocks. The global clock network generates the IOE clocks that feed the row or column
I/ O regions.

Each IOE has its own control signal selection for the following control signals:
B oe

B ce_ in

B ce out

B aclr/preset

B sclr/preset
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B clk_in
m clk out

Figure 7-5 illustrates the control signal selection.

Figure 7-5. Control Signal Selection Per IOE

Dedicated 1/0 . 4
Clock [5..0]

io_coe

\/

io_csclr

io_caclr

Local Interconnect

io_cce_out

io_cee_in

i

[T io_cek % 1—4 F l—< l—« l—o
clk_out I ce_out I sclr/preset
clk_in ce_in aclr/preset oe

In bidirectional operation, you can use the input register for input data requiring fast
setup times. The input register can have its own clock input and clock enable separate
from the OE and output registers. You can use the output register for data requiring
fast clock-to-output performance. The OE register is available for fast clock-to-output
enable timing. The OE and output register share the same clock source and the same
clock-enable source from the local interconnect in the associated LAB, dedicated I/O
clocks, or column and row interconnects. All registers share the sclr and aclr
signals, but each register can individually disable the signals.
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Figure 7-6 shows the IOE in a bidirectional configuration.

Figure 7-6. Cyclone Il I0E in a Bidirectional 1/0 Configuration

io_cl

Column
or Row
Interconnect

4

A

A

[5..0]
\

[~ 0E

]

-

clkin

ENA
ACLR
/PRN

oe_in

Py

T

?
Input Register

OE Registi
egister Veoio
D Q .
\| clkout _ Optional
) PCI Clamp
ENA
ACLR
/PRN v
|—E\| oe_out F cclo
) Programmable
<+—— Pull-Up
:'% Resistor
Chip-Wide Reset \T \I
. Output
Output Register } Pin Delayj{ A4 ZE
D Q —l Current Strength Control
L Open-Drain Out —
ENA Slew Rate Control ——
sclr/ s ACLR
preset /PRN
data_in1 P
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1/0 Element Features

The Cyclone III IOE offers a range of programmable features for an I/O pin. These
features increase the flexibility of I/O utilization and provide an alternative to reduce
the usage of external discrete components to on-chip, such as a pull-up resistor and a

diode.

Programmable Current Strength

The output buffer for each Cyclone III device I/O pin has a programmable current
strength control for certain I/ O standards.

The following I/O standards have several levels of current strength that you can

control:

m LVTTL
m LVCMOS
m SSTL-2 Class I and II
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I

m SSTL-18 Class I and II

m HSTL-18 Class I and II

m HSTL-15Class I and II, and
m HSTL-12 Class I and I

For more information about programmable current strength, refer to the Assignment
Editor chapter in volume 2 of the Quartus 1I Handbook.

Table 7-1 shows the possible settings for I/O standards with current strength control.
These programmable current strength settings are a valuable tool in helping decrease
the effects of simultaneously switching outputs (SSO) in conjunction with reducing
system noise. The supported settings ensure that the device driver meets the
specifications for IOH and IOL of the corresponding I/O standard.

When you use programmable current strength, on-chip series termination (Rs OCT) is
not available.

Table 7-1. Programmable Current Strength  (Nofe 1) (Part 1 of 3)

low/L. Current Strength Setting (mA)
1/0 Standard Top and Bottom I/0 Pins Left and Right 1/0 Pins

1.2-V LVCMOS 2 2
4 4
6 6
8 8

10 10

12 —
1.5-V LVCMOS 2
4
6
8

10 10

12 12

16 16
1.8-V LVTTL/LVCMOS 2
4

6

8

10 10

12 12

16 16
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Table 7-1. Programmable Current Strength

(Note 1) (Part 2 of 3)

l,w/L,. Current Strength Setting (mA)

1/0 Standard Top and Bottom I/0 Pins Left and Right 1/0 Pins

2.5-V LVTTL/LVCMOS 4 4
8 8

12 12

16 16

3.0-V LVCMQOS 4
8

12 12

16 16

3.0-V LVTTL 4
8

12 12

16 16

3.3-VLVCMOS (2) 2
3.3-VLVTTL (2) 4
8

HSTL-12 Class | 8
10 10

12 —

HSTL-12 Class |l 14 —
HSTL-15 Class | 8 8
10 10

12 12

HSTL-15 Class Il 16 16
HSTL-18 Class | 8 8
10 10

12 12

HSTL-18 Class Il 16 16
SSTL-18 Class | 8 8
10 10

12 12

SSTL-18 Class Il 12 12
16 16

SSTL-2 Class | 8 8
12 12

SSTL-2 Class Il 16 16
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Table 7-1. Programmable Current Strength  (Nofe 1) (Part 3 of 3)

l,s/L. Current Strength Setting (mA)

1/0 Standard Top and Bottom I/0 Pins Left and Right 1/0 Pins

BLVDS 8,12,16 812,16

Notes to Table 7-1:

(1) The default setting in the Quartus Il software is 50-Q OCT without calibration for all non-voltage reference and
HSTL/SSTL Class | I/0 standards. The default setting is 25-Q OCT without calibration for HSTL/SSTL Class Il I/0
standards.

(2) The default current setting in the Quartus 11 software is highlighted in bold italic for 3.3-V LVTTL and 3.3-V LVCMOS
I/0 standards.

To interface Cyclone III devices with 3.3-, 3.0-, or 2.5-V systems, you can follow the
guidelines provided in AN 447: Interfacing Cyclone III Devices with 3.3/3.0/2.5-V
LVTTL/LVCMOS 1/O Systems.

Slew Rate Control

The output buffer for each Cyclone III device I/O pin provides optional
programmable output slew-rate control. The Quartus II software allows three settings
for programmable slew rate control— 0, 1, and 2—where 0 is slow slew rate and 2 is
fast slew rate. The default setting is 2. A faster slew rate provides high-speed
transitions for high-performance systems. However, these fast transitions may
introduce noise transients in the system. A slower slew rate reduces system noise, but
adds a nominal delay to rising and falling edges. Since each I/O pin has an individual
slew-rate control, you can specify the slew rate on a pin-by-pin basis. The slew-rate
control affects both the rising and falling edges. Slew rate control is available for
single-ended 1/0O standards with current strength of 8 mA or higher.

You cannot use the programmable slew rate feature when using OCT with calibration.
You cannot use the programmable slew rate feature when using the 3.0-V PCI,
3.0-V PCI-X, 3.3-V LVTTL, and 3.3-V LVCMOS 1/O standards. Only the fast slew rate

(default) setting is available.

For more information, refer to the Assignment Editor chapter in volume 2 of the
Quartus II Handbook.

Open-Drain Output

Cyclone III devices provide an optional open-drain (equivalent to an open-collector)
output for each I/O pin. This open-drain output enables the device to provide
system-level control signals (for example, interrupt and write enable signals) that can
be asserted by multiple devices in your system.

For more information, refer to the Assignment Editor chapter in volume 2 of the
Quartus I Handbook.
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Bus Hold

——)
s
&

Each Cyclone III device user I/O pin provides an optional bus-hold feature. The
bus-hold circuitry holds the signal on an I/O pin at its last-driven state. Because the
bus-hold feature holds the last-driven state of the pin until the next input signal is
present, an external pull-up or pull-down resistor is not necessary to hold a signal
level when the bus is tri-stated.

The bus-hold circuitry also pulls undriven pins away from the input threshold
voltage in which noise can cause unintended high-frequency switching. You can select
this feature individually for each I/O pin. The bus-hold output drives no higher than
Ve to prevent overdriving signals.

If you enable the bus-hold feature, the device cannot use the programmable pull-up
option. Disable the bus-hold feature when the I/O pin is configured for differential
signals. Bus-hold circuitry is not available on dedicated clock pins.

Bus-hold circuitry is only active after configuration. When going into user mode, the
bus-hold circuit captures the value on the pin present at the end of configuration.

For more information, refer to the Assignment Editor chapter in volume 2 of the
Quartus Il Handbook.

For the specific sustaining current for each V., voltage level driven through the
resistor and for the overdrive current used to identify the next driven input level, refer
to the DC and Switching Characteristics chapter in volume 2 of the Cyclone III Device
Handbook.

Programmable Pull-Up Resistor

Each Cyclone III device I/O pin provides an optional programmable pull-up resistor
while in user mode. If you enable this feature for an I/O pin, the pull-up resistor
holds the output to the V., level of the output pin’s bank.

If you enable the programmable pull-up, the device cannot use the bus-hold feature.
Programmable pull-up resistors are not supported on the dedicated configuration,
Joint Test Action Group (JTAG), and dedicated clock pins.

For more information, refer to the Assignment Editor chapter in volume 2 of the
Quartus I Handbook.

Programmable Delay

The Cyclone III device IOE includes programmable delays to ensure zero hold times,
minimize setup times, increase clock-to-output times, or delay clock input signal.

A path in which a pin directly drives a register may require a programmable delay to
ensure zero hold time, whereas a path in which a pin drives a register through
combinational logic may not require the delay. Programmable delays minimize setup
time. The Quartus II Compiler can program these delays to automatically minimize
setup time while providing a zero hold time. Programmable delays can increase the
register-to-pin delays for output registers. Each dual-purpose clock input pin
provides a programmable delay to the global clock networks.
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Table 7-2 shows the programmable delays for Cyclone III devices.

Table 7-2. Cyclone 11l Programmable Delay Chain

Programmabhle Delays Quartus Il Logic Option
Input pin-to-logic array delay [nput delay from pin to internal cells
Input pin-to-input register delay | Input delay from pin to input register
Output pin delay Delay from output register to output pin
Dual-purpose clock input pin Input delay from dual-purpose clock pin to fan-out destinations
delay

There are two paths in the IOE for an input to reach the logic array. Each of the two
paths can have a different delay. This allows you to adjust delays from the pin to the
internal LE registers that reside in two different areas of the device. You set the two
combinational input delays by using the input delay from pin to internal cells logic
option in the Quartus II software for each path. If the pin uses the input register, one
of delays is disregarded and the delay is set by using the input delay from pin to input
register logic option in the Quartus II software.

The IOE registers in each I/O block share the same source for the preset or clear
features. You can program preset or clear for each individual IOE, but you cannot use
both features simultaneously. You can also program the registers to power-up high or
low after configuration is complete. If programmed to power-up low, an
asynchronous clear can control the registers. If programmed to power-up high, an
asynchronous preset can control the registers. This feature prevents the inadvertent
activation of another device’s active-low input upon power up. If one register in an
IOE uses a preset or clear signal, all registers in the IOE must use that same signal if
they require preset or clear. Additionally, a synchronous reset signal is available for
the IOE registers.

«e For more information about how to set the input and output pin delay, refer to the
Area and Timing Optimization chapter in volume 2 of the Quartus II Handbook.

PCI-Clamp Diode

Cyclone III devices provide an optional PCI-clamp diode enabled input and output
for each I/O pin. Dual-purpose configuration pins support the diode in user mode if
the specific pins are not used as configuration pins for the selected configuration
scheme. For example, if you are using the active serial (AS) configuration scheme, you
cannot use the clamp diode on the ASDO and nCSO pins in user mode. Dedicated
configuration pins do not support the on-chip diode.

The PCI-clamp diode is available for the following I/O standards:
m 33-VLVTTL

m 3.3-VLVCMOS

m 3.0-VLVITL

m 3.0-VLVCMOS

m PCI, and

m PCI-X
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If the input I/O standard is 3.3-V LVTTL, 3.3-V LVCMOS, 3.0-V LVTTL, 3.3-V
LVCMOS, PCI, or PCI-X, the PCI clamp diode is enabled by default in the Quartus II
software.

For more information, refer to the Assignment Editor chapter in volume 2 of the
Quartus I Handbook.

For more information about Cyclone III PCI-clamp diode support, refer to AN 447:
Interfacing Cyclone III Devices with 3.3/3.0/2.5-V LVTTL/LVCMOS 1/O Systems.

LVDS Transmitter Programmable Pre-Emphasis

The Cyclone III dedicated LVDS transmitter supports programmable pre-emphasis.
Programmable pre-emphasis is used to compensate the frequency-dependent
attenuation of the transmission line. It increases the amplitude of the high-frequency
components of the output signal, which cancels out much of the high-frequency loss
of the transmission line.

The Quartus II software allows two settings for programmable pre-emphasis
control—0 and 1—where 0 is pre-emphasis off and 1 is pre-emphasis on. The default
setting is 1. The amount of pre-emphasis needed depends on the amplification of the
high-frequency components along the transmission line. You need to adjust the
setting to suit your designs, as pre-emphasis decreases the amplitude of the
low-frequency component of the output signal as well.

For more information about Cyclone III high-speed differential interface support,
refer to the High-Speed Differential Interfaces chapter in volume 1 of the Cyclone III
Device Handbook.

On-Chip Termination (OCT) Support

Cyclone III devices feature OCT to provide I/O impedance matching and termination
capabilities. OCT helps to prevent reflections and maintain signal integrity while
minimizing the need for external resistors in high pin-count ball grid array (BGA)
packages. Cyclone IIl devices provide I/O driver on-chip impedance matching and
on-chip series termination for single-ended outputs and bidirectional pins.

When using on-chip series termination, programmable current strength is not
available.

There are two ways to implement OCT in Cyclone III devices:

m OCT with calibration, and

m  OCT without calibration

On-Chip Termination with Calibration

Cyclone III devices support on-chip series termination with calibration in all banks.
The on-chip series termination calibration circuit compares the total impedance of the
I/ O buffer to the external 25-Q +1% or 50-Q +1% resistors connected to the RUP and
RDN pins, and dynamically adjusts the I/ O buffer impedance until they match (as
shown in Figure 7-7).
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The Ry shown in Figure 7-7 is the intrinsic impedance of the transistors that make up
the I/O buffer.

Figure 7-7. Cyclone Il On-Chip Series Termination with Calibration

.
.

Cyclone Il Driver
Series Impedance

Vceio

Rs

GND

Receiving
Device

4|>

OCT with calibration is achieved using the OCT calibration block circuitry. There is
one OCT calibration block in banks 2, 4, 5, and 7. Each calibration block supports each
side of the I/O banks. Because there are two I/ O banks sharing the same calibration
block, both banks must have the same Vo if both banks enable OCT calibration. If
two related banks have different Vcos, only the bank where the calibration block

resides can enable OCT calibration.

Figure 7-8 shows the top-level view of the OCT calibration blocks placement.

Figure 7-8. Cyclone Il OCT Block Placement
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1/0 bank with
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calibration block

Calibration block
coverage
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Each calibration block comes with a pair of RUP and RDN pins. When used for
calibration, the RUP pin is connected to V¢, through an external 25-Q +1% or 50-Q
+1% resistor for an on-chip series termination value of 25 Q or 50 Q, respectively. The
RDN pin is connected to GND through an external 25-Q +1% or 50-Q *1% resistor for
an on-chip series termination value of 25 Q or 50 Q3, respectively. The external
resistors are compared with the internal resistance using comparators. The resulting
outputs of the comparators are used by the OCT calibration block to dynamically
adjust buffer impedance.

During calibration, the resistance of the RUP and RDN pins varies. For an estimate of
the maximum possible current through the external calibration resistors, assume a
minimum resistance of 0 Q for the RUP and RDN pins during calibration.

Figure 7-9 shows the external calibration resistors setup on the RUP and RDN pins and
the associated OCT calibration circuitry.

Figure 7-9. Cyclone Il On-Chip Series Termination with Calibration Setup

Cyclone Il OCT with Calibration Veeio
with RUP and RDN pins
External
Calibration
RUP Resistor
OCT
Calibration Veeio
Circuitry
brt
RDN
External
Calibration
Resistor
GND

RUP and RDN pins go to a tri-state condition when calibration is completed or not
running. These two pins are dual-purpose I/ Os and function as regular I/Os if you
do not use the calibration circuit.

Table 7-3 lists the I/O standards that support impedance matching and series
termination.
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Table 7-3. Selectable 1/0 Drivers for On-Chip Termination with Calibration

On-Chip Series Termination w(ith) Calibration Setting, in ohms
Q
I/0 Standard Row /0 Column /0
3.0-V LVTTL 50 50
25 25
3.0-V LVCMOS 50 50
25 25
2.5-V LVTTL/ LVCMOS 50 50
25 25
1.8-V LVTTL/LVCMOS 50 50
25 25
1.5-V LVCMOS 50 50
25 25
1.2-V LVCMOS 50 50
— 25
SSTL-2 Class | 50 50
SSTL-2 Class Il 25 25
SSTL-18 Class | 50 50
SSTL-18 Class II 25 25
HSTL-18 Class | 50 50
HSTL-18 Class |l 25 25
HSTL-15 Class | 50 50
HSTL-15 Class |l 25 25
HSTL-12 Class | 50 50
HSTL-12 Class |l — 25

On-Chip Termination without Calibration

Cyclone III devices support driver impedance matching to the impedance of the
transmission line, which is typically 25 or 50 Q. When used with the output drivers,
on-chip termination sets the output driver impedance to 25 or 50 Q. Cyclone III
devices also support I/O driver series termination (Rg = 50 Q) for SSTL-2 and
SSTL-18.

Figure 7-10 shows the single-ended I/O standards for OCT without calibration. The
R; shown is the intrinsic transistor impedance.
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Figure 7-10. Cyclone Ill On-Chip Series Termination without Calibration
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All I/Obanks and I/0O pins support impedance matching and series termination.
Dedicated configuration pins and JTAG pins do not support impedance matching or
series termination.

Table 7-4 lists the I/O standards that support impedance matching the series
termination.

Table 7-4. Selectable I/0 Drivers for On-Chip Termination without Calibration (Part 1 of 2)

On Chip Series Termination without Calibration
Setting, in ohms ()
1/0 Standard Row /0 Column I/0
3.0-V LVTTL 50 50
25 25
3.0-V LVCMOS 50 50
25 25
2.5-V LVTTL/LVCMOS 50 50
25 25
1.8-V LVTTL/LVCMOS 50 50
25 25
1.5-V LVCMOS 50 50
25 25
1.2-V LVCMOS 50 50
— 25
SSTL-2 Class | 50 50
SSTL-2 Class Il 25 25
SSTL-18 Class | 50 50
SSTL-18 Class Il 25 25
HSTL-18 Class | 50 50
HSTL-18 Class |l 25 25
HSTL-15 Class | 50 50
HSTL-15 Class |l 25 25
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Table 7-4. Selectable 1/0 Drivers for On-Chip Termination without Calibration (Part 2 of 2)

On Chip Series Termination without Calibration
Setting, in ohms ()

1/0 Standard Row I/0 Column I/0
HSTL-12 Class | 50 50
HSTL-12 Class Il — 25

On-chip series termination is supported on any I/0 bank. V¢, and Vg must be
compatible for all I/O pins to enable on-chip series termination in a given I/O bank.
I/ 0O standards that support different R values can reside in the same I/O bank as
long as their Vo and Vg are not conflicting.

Impedance matching is implemented using the capabilities of the output driver and is
subject to a certain degree of variation, depending on the process, voltage, and
temperature.

For more information about tolerance specification, refer to the DC and Switching
Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

Cyclone III devices support multiple single-ended and differential I/O standards.
Apart from 3.3-, 3.0-, 2.5-, 1.8-, and 1.5-V support, Cyclone III devices also support
1.2-V 1/0 standards.

Table 7-5 summarizes the I/O standards supported by Cyclone III devices and which
1/ O pins support them.

Table 7-5. Cyclone Il Supported I/0 Standards and Constraints (Part 1 of 3)

Vico Level (inV) | Top and Bottom 1/0 Pins Side 1/0 Pins
User

Standard CLK, 1/0 | CLK, | Userl/O

I/0 Standard Type Support Input | Output | DQS | PLL_OUT | Pins | DQS Pins

3.3-VLVTTL (1) Single-ended | JESD8-B 3.3 3.3 v v v v v
3.0
2.5

3.3-V LVCMOS (7) | Single-ended | JESD8-B 3.3 3.3 v v v v v
3.0
25

3.0-V LVTTL (1) Single-ended | JESD8-B 33 |30 v v v v v
3.0
2.5

3.0-VLVCMOS (7) | Single-ended | JESD8-B 33 |30 v v v v v
3.0
2.5
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Table 7-5. Cyclone |1l Supported I/0 Standards and Constraints (Part 2 of 3)
Vico Level (inV) | Top and Bottom 1/0 Pins Side 1/0 Pins
User
Standard CLK, 1/0 CLK, | Userl/0
1/0 Standard Type Support Input | Output | DQS | PLL_ OUT | Pins | DQS Pins
2.5-VLVTTL/ Single-ended | JESD8-5 3.3 2.5 v v v Vv v
LVCMOS 3.0
2.5
1.8-V LVTTL/ Single-ended | JESD8-7 1.8 1.8 v v v v v
LVCMOS 15
1.5-V LVCMOS Single-ended | JESD8-11 1.8 1.5 v v v v v
15
1.2-V LVCMOS Single-ended | JESD8-12A 1.2 1.2 v v v Vv v
SSTL-2 Class | Voltage JESD8-9A 2.5 2.5 v v v v v
referenced
SSTL-2 Class Il Voltage JESD8-9A 2.5 2.5 v v v v v
referenced
SSTL-18 Class | Voltage JESD815 1.8 1.8 v v v v v
referenced
SSTL-18 Class Il Voltage JESD815 1.8 1.8 v v v v v
referenced
HSTL-18 Class | Voltage JESD8-6 1.8 1.8 v v v v v
referenced
HSTL-18 Class Il Voltage JESD8-6 1.8 1.8 v v v v v
referenced
HSTL-15 Class | Voltage JESD8-6 15 1.5 v v v Vv v
referenced
HSTL-15 Class Il Voltage JESD8-6 1.5 1.5 v v v v v
referenced
HSTL-12 Class | Voltage JESD8-16A 1.2 1.2 v v v v v
referenced
HSTL-12 Class Il (6) | Voltage JESD8-16A 1.2 1.2 v v v — —
referenced
PCl and PCI-X Single-ended — 3.0 3.0 v/ v v v v
Differential SSTL-2 | Differential JESD8-9A — 2.5 — v — — —
Class | or Class Il 2) 25 — v — — v —
Differential SSTL-18 | Differential JESD815 — 1.8 — v — — —
Class I or Class Il (2) 18 — v _ _ NV —
Differential HSTL-18 | Differential JESD8-6 — 1.8 — v — — —
Class | or Class Il 2) 18 — v — — N —
Differential HSTL-15 | Differential JESD8-6 — 15 — v — — —
Class I or Class Il 2) 15 _ N _ _ N _
Differential HSTL-12 | Differential JESD8-16A — 1.2 — v — — —
Class | or Class Il 2) 192 — v — — IV —

© QOctober 2008  Altera Corporation

Cyclone Ill Device Handbook, Volume 1



7-20 Chapter 7: Cyclone lll Device 1/0 Features
Termination Scheme for I/0 Standards

Table 7-5. Cyclone |1l Supported I/0 Standards and Constraints (Part 3 of 3)

Vico Level (inV) | Top and Bottom 1/0 Pins Side 1/0 Pins
User
Standard CLK, 1/0 CLK, | Userl/0
1/0 Standard Type Support Input | Output | DQS | PLL_ OUT | Pins | DQS Pins
PPDS® (3) (4) Differential — — 2.5 — v v — v
LVDS Differential — 2.5 2.5 v v v v v
RSDS® and Differential — — 2.5 — v v — v
mini-LVDS (3) (4)
BLVDS (5) Differential — 2.5 2.5 — — v — v
LVPECL (4) Differential — 2.5 — v — — v —

Notes to Table 7-5:

(1) The PCl-clamp diode must be enabled for 3.3-V/3.0-V LVTTL/LVCMOS.

(2) Differential HSTL and SSTL outputs use two single-ended outputs with the second output programmed as inverted. Differential HSTL and
SSTL inputs treat differential inputs as two single-ended HSTL and SSTL inputs and only decode one of them. Differential HSTL and SSTL
are only supported on CLK pins.

(3) PPDS, mini-LVDS, and RSDS are only supported on output pins.
(4) LVPECGL is only supported on clock inputs.

(5) Bus LVDS (BLVDS) output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses LVDS input
buffer.

(6) Class | and Class Il refer to output termination and do not apply to input. 1.2-V HSTL input is supported at both column and row 1/0
regardless of class.

The Cyclone III device supports PCIand PCI-X I/ O standards at 3.0-V V¢,o. The 3.0-V
PCI and PCI-X I/O are fully compatible for direct interfacing with 3.3-V PCI systems
without requiring any additional components. The 3.0-V PCI and PCI-X outputs meet
the Vi and V|, requirements of 3.3-V PCI and PCI-X inputs with sufficient noise
margin.

Termination Scheme for
1/0 Standards

This section describes recommended termination schemes for voltage-referenced and
differential I/O standards.

The following I/O standards do not specify a recommended termination scheme per
the JEDEC standard:

m 33-VLVTITL

m 3.0-V LVTTL and LVCMOS
m 25V LVTTL and LVCMOS
m 1.8V LVTTL and LVCMOS
m 1.5-VLVCMOS

m 1.2-VLVCMOS

m 3.0-VPCI, and

m PCI-X
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Voltage-Referenced 1/0 Standard Termination

Voltage-referenced 1/O standards require an input reference voltage (V) and a
termination voltage (V). The reference voltage of the receiving device tracks the
termination voltage of the transmitting device, as shown in Figure 7-11 and
Figure 7-12.

Figure 7-11. Cyclone Il HSTL I/0 Standard Termination

Termination HSTL Class | HSTL Class Il
vIT VTT VTT
50 Q
External % 500 500
On-Board ~[> (500 > > 4[>_ T500) :l>
Termination VREF VREF |
Transmitter Receiver Transmitter Receiver
\% V1T V1T
gy‘:'o”%'g_r o jai Cyclone Il
eries OCT50 Q Series OCT 25 Q a a
OCT with 50Q s0& 50
and without ~[>_ (500 ) :l> _[> ) 50Q ) _i>
Calibration VREF ] VRer ]
Transmitter Receiver Transmitter Receiver

Figure 7-12. Cyclone Il SSTL I/0 Standard Termination

Termination SSTL Class | SSTL Class I
V1T VTT VTT
50 Q 50 Q 50 Q
External 25Q 25Q
onBoard || —| S>—fwasem) > — > e >
Termination VREF | VRer |
Transmitter Receiver Transmitter Receiver
Cyclone IlI Cyclone IlI vV v
Series OCT VT Series OCT m m
. 50 Q
OCT with 50 Q% = 50 Q 500
and without| | ™1 ggg )] ™~ LS
Calibration VREEF — VRer |
Transmitter Receiver Transmitter Receiver

Differential 1/0 Standard Termination

Differential I/O standards typically require a termination resistor between the two
signals at the receiver. The termination resistor must match the differential load
impedance of the bus (refer to Figure 7-13 and Figure 7-14).
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Cyclone III devices support differential SSTL-2 and SSTL-18, differential HSTL-18,
HSTL-15, and HSTL-12, PPDS, LVDS, RSDS, mini-LVDS, and differential LVPECL.

Figure 7-13. Cyclone Il Differential HSTL I/0 Standard Termination

Termination Differential HSTL
V1T \any
50 Q 50 Q
~I>— 50 Q
External
On-Board
Termination 50 Q
Transmitter Receiver
VTT VTT
Cyclone llI
Series OCT50 Q 50 Q 50 Q
~I>— 50 Q
ocT \’j>
~{ So—— 50 Q
Transmitter Receiver

Figure 7-14. Cyclone Il Differential SSTL I/0 Standard Termination  (Note 7)

Termination Differential SSTL Class | Differential SSTL Class I
VTT VTT VIT VTT VTITVTT
50 Q lsogz 50 Q lsog
50 Q =50 s; =z =
25Q
_[>_25 4 —I> i [ s00 )
50 Q
External
On-Board j > 250
25 Q
Termination _I>o_ 500 _[>c W | 500 )
Transmitter Receiver Transmitter Receiver
VTT VTT VIT VIT VTIT VTT

Cyclone IlI l Cyclone llI

Series OCT 50 Q 50 Q > Series OCT 50Q=50Q 50Q=50Q

50 Q I 250

=00 ) 0 500 )
OCT 50 Q 50 Q
—|>c T 500 ) —I>c 500
Transmitter Receiver Transmitter Receiver

Note to Figure 7-14:
(1) Only Differential SSTL-2 I/0 standard supports Class Il output.
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. e Forinformation about Cyclone III differential PPDS, LVDS, mini LVDS, RSDS 1/ O,
and Bus LVDS (BLVDS) standard termination, refer to the High-Speed Differential
Interfaces chapter in volume 1 of the Cyclone Il Device Handbook.

1/0 Banks

The I/0O pins on Cyclone III devices are grouped together into I/O banks, and each
bank has a separate power bus. All Cyclone III devices have eight I/O banks, as
shown in Figure 7-15. Each device I/ O pin is associated with one I/ O bank. All
single-ended I/0O standards are supported in all banks except HSTL-12 Class II, which
is only supported in column I/O banks. All differential I/O standards are supported
in all banks. The only exception is HSTL-12 Class II, which is only supported in
column I/O banks.

Figure 7-15. Cyclone Il Device 1/0 Banks (Note 1), (2)

I/O Bank 8 I/O Bank 7

All /0 Banks Support:

3.3-V LVTTL/LVCMOS
3.0-V LVTTL/LVCMOS
2.5-V LVTTL/LVCMOS
1.8-V LVTTL/LVCMOS
1.5-V LVCMOS
1.2-V LVCMOS

1/0 Bank 1
1/0 Bank 6

RSDS L
— mini-LVDS ]
Bus LVDS (7)

LVPECL (3)

SSTL-2class | and Il
SSTL-18 ClLass | and Il
HSTL-18 Class | and Il
HSTL-15 Class | and Il
HSTL-12 Class | and Il (4)
Differential SSTL-2 (5)
Differential SSTL-18 (5)
Differential HSTL-18 (5)
Differential HSTL-15 (5)
Differential HSTL-12 (6) L

1/0 Bank 3 1/0 Bank 4

1/0 Bank 2
1/0 Bank 5

Notes to Figure 7-15:
(1) This isa top view of the silicon die. This is only a graphical representation. For exact pin locations, refer to the pin list and the Quartus |1 software.

(2) Dedicated differential (PPDS, LVDS, mini-LVDS, and RSDS 1/0 standards) outputs are supported in row I/0 banks 1, 2, 5, and 6 only. External
resistors are needed for the differential outputs in column 1/0 banks.

(3) The LVPECL 1/0 standard is only supported on clock input pins. This I/0 standard is not supported on output pins.
(4) The HSTL-12 Class Il is supported in column I/0 banks 3, 4, 7, and 8 only.

(5) The differential SSTL-18 and SSTL-2, differential HSTL-18, and HSTL-15 1/0 standards are supported only on clock input pins and PLL output
clock pins. Differential SSTL-18, differential HSTL-18, and HSTL-15 1/0 standards do not support Class Il output.

(6) The differential HSTL-12 I/0 standard is only supported on clock input pins and PLL output clock pins. Differential HSTL-12 Class Il is supported
only in column I/0 banks 3, 4, 7, and 8.

(7) BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses the LVDS input buffer.

© QOctober 2008  Altera Corporation Cyclone IlI Device Handbook, Volume 1


http://www.altera.com/literature/hb/cyc3/cyc3_ciii51008.pdf
http://www.altera.com/literature/hb/cyc3/cyc3_ciii51008.pdf

7-24

Chapter 7: Cyclone lll Device 1/0 Features

1/0 Banks

Table 7-6 shows 1/ O standards supported when a pin is used as a regular I/O pin in

the I/O banks of Cyclone III devices.

Table 7-6. Cyclone IIl I/O Standards Support (Part 1 of 2)

1/0 Standard

1/0 Banks

3.3-V LVCMOS

3.3-V LVTTL

3.0-V LVTTL

3.0-V LVCMOS

2.5-V
LVTTL/LVCMOS

1.8-V
LVTTL/LVCMOS

1.5-V LVCMOS

1.2-V LVCMOS

3.0-V PCl/PCI-X

SSTL-18 Class |

SSTL-18 Class Il

SSTL-2 Class |

SSTL-2 Class Il

SSTL-18 Class |

SSTL-18 Class Il

HSTL-18 Class |

HSTL-18 Class Il

HSTL-15 Class |

HSTL-15 Class Il

HSTL-12 Class |

NS A A A A AN A YA N N A N N N AN ANANAN b

NSRRI A A A A AN A YA N A N AN NN ANANANAN B

NSRRI A A A AN AN A YA N N A S NN AN ANANAN .

SISSISISISISISISICISICISIS S SIS e

HSTL-12 Class Il

AR YA A AN AN YA N AN AN A N NN AN ANANAN I

N A A A A A YA YA N N A N N N AN ANANAN B

NN A A AN AN YA AN AN AN NN AN ANANAN

SIS SISISISISISISISISICICS S SIS

Differential SSTL-2 (1) (1) (1) 1) (1) (1) (1) (1)
Differential SSTL-18 | (1) (1) 1) 1) (1) (1) (1) (1)
Differential HSTL-18 | (1) (1) 1) 1) (1) (1) (1) (1)
Differential HSTL-15 | (1) (1) 1) 1) (1) (1) (1) (1)
Differential HSTL-12 | (1) (1) 1) 1) (1) (1) (1) (1)
PPDS (2), (3) (3) (3) (3) 3) (3) (3) (3) (3)
LVDS (2) v v v v v v v v
BLVDS v v v v v v v v
RSDS and mini-LVDS | (3) (3) 3) 3) (3) 3) (3) (3)
2)
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Table 7-6. Cyclone IIl /O Standards Support (Part 2 of 2)

1/0 Banks

1/0 Standard 1 2 3 4 5 6 7 8

Differential LVPECL (4) (4) (4) (4) (4) (4) (4) (4)

Notes to Table 7-6:

(1) These differential I/0 standards are supported only for clock inputs and dedicated PLL._OUT outputs.

(2) Dedicated differential (PPDS, LVDS, mini-LVDS, and RSDS /0 standards) outputs are supported in row I/0 banks
only. Differential outputs in column 1/0 banks require an external resistors network.

(3) This /0 standard is supported for outputs only.
(4) This 1/0 standard is supported for clock inputs only.

Each Cyclone Il I/O bank has a VREF bus to accommodate voltage-referenced 1/O
standards. Each VREF pin is the reference source for its Vg group. If you use a Vg
group for voltage-referenced I/0O standards, connect the VREF pin for that group to
the appropriate voltage level. If you do not use all of the Vg groups in the I/O bank
for voltage referenced I/O standards, you can use the VREF pin in the unused voltage
referenced groups as regular I/O pins. For example, if you have SSTL-2 Class I input
pins in I/O bank 1 and they are all placed in the VREFBINO group, VREFB1NO must
be powered with 1.25 V, and the remaining VREFB1N [1: 3] pins (if available) can be
used as I/O pins. If multiple Vg groups are used in the same I/0O bank, the VREF
pins must all be powered by the same voltage level.

=~ When VREF pins are used as regular I/Os, they have higher pin capacitance than
regular user I/ O pins. This has an impact on the timing if the pins are used as inputs
and outputs.

«o For more information about VREF pin capacitance, refer to the pin capacitance section
in the DC and Switching Characteristics chapter in volume 2 of the Cyclone III Device
Handbook.

<o Toidentify Vg groups, refer to the Cyclone III Device Pin-Out files or the Quartus II
Pin Planner tool.

Table 7-7 summarizes the number of VREF pins in each I/ O bank.

Table 7-7. Number of VREF Pins Per 1/0 Banks (Part 1 of 2)

I/0 Banks

Device | Package Pin Count 1 2 3 4 5 6 7 8
EP3C5 EQFP 144 1 1 1 1 1 1 1 1
MBGA 164 1 1 1 1 1 1 1 1

FBGA 256 1 1 1 1 1 1 1 1

EP3C10 EQFP 144 1 1 1 1 1 1 1 1
MBGA 164 1 1 1 1 1 1 1 1

FBGA 256 1 1 1 1 1 1 1 1
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Table 7-7. Number of VREF Pins Per 1/0 Banks (Part 2 of 2)

1/0 Banks

Device | Package Pin Count 1 2 3 4 5 6 7 8
EP3C16 EQFP 144 2 2 2 2 2 2 2 2
MBGA 164 2 2 2 2 2 2 2 2

PQFP 240 2 2 2 2 2 2 2 2

FBGA 256 2 2 2 2 2 2 2 2

FBGA 434 2 2 2 2 2 2 2 2

EP3C25 EQFP 144 1 1 1 1 1 1 1 1
PQFP 240 1 1 1 1 1 1 1 1

FBGA 256 1 1 1 1 1 1 1 1

FBGA 324 1 1 1 1 1 1 1 1

EP3C40 PQFP 240 4 4 4 4 4 4 4 4
FBGA 324 4 4 4 4 4 4 4 4

FBGA 434 4 4 4 4 4 4 4 4

FBGA 780 4 4 4 4 4 4 4 4

EP3C55 FBGA 484 2 2 2 2 2 2 2 2
FBGA 780 2 2 2 2 2 2 2 2

EP3C80 FBGA 484 3 3 3 3 3 3 3 3
FBGA 780 3 3 3 3 3 3 3 3

EP3C120 FBGA 434 3 3 3 3 3 3 3 3
FBGA 780 3 3 3 3 3 3 3 3

Each Cyclone III I/O bank has its own VCCIO pins. Each I/O bank can support only
one V¢ setting from among 1.2, 1.5, 1.8, 3.0, or 3.3 V. Any number of supported
single-ended or differential standards can be simultaneously supported in a single
I/Obank, as long as they use the same V¢, levels for input and output pins.

When designing LVTTL/LVCMOS inputs with Cyclone III device, refer to the

following guidelines:

m  All pins accept input voltage (V) up to a maximum limit (3.6 V), as stated in the
recommended operating conditions are provided in the DC and Switching
Characteristics chapter in volume 2 of the Cyclone 111 Device Handbook

m  Whenever the input level is higher than the bank V., expect higher leakage

current

m The LVITL/LVCMOS I/0O standard input pins can only meet the V,;; and V.

levels according to bank voltage level

Voltage-referenced standards can be supported in an I/O bank using any number of
single-ended or differential standards, as long as they use the same Vyzz and Vo
values. For example, if you choose to implement both SSTL-2 and SSTL-18 in your
Cyclone III device, I/O pins using these standards—because they require different
Vier values—must be in different banks from each other. However, the same 1/0 bank
can support SSTL-2 and 2.5-V LVCMOS with the Vo set t0 2.5 V and the Vg set to

1.25V.
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When using Cyclone III devices as a receiver in 3.3-, 3.0-, or 2.5-V LVTTL/LVCMOS
systems, the designer is responsible for managing overshoot or undershoot to stay
within the absolute maximum ratings and the recommended operating conditions,
provided in the DC and Switching Characteristics chapter in volume 2 of the Cyclone I
Device Handbook.

The PCI clamping diode is enabled by default in the Quartus II software for input
signals with bank Vccio at 2.5, 3.0, or 3.3 V.

For more information about Cyclone III I/O interface with 3.3-, 3.0-, or 2.5-V
LVTTL/LVCMOS systems, refer to AN 447: Interfacing Cyclone I1I Devices with
3.3/3.0/2.5-V LVTTL/LVCMOS I/O Systems.

High-Speed Differential Interfaces

Cyclone III devices can transmit and receive data through LVDS signals. For the LVDS
transmitter and receiver, the Cyclone III device’s input and output pins support
serialization and deserialization through internal logic.

The BLVDS extends the benefits of LVDS to multipoint applications such as in
bidirectional backplanes. The loading effect and the need to terminate the bus at both
ends for multipoint applications require BLVDS to drive out a higher current than
LVDS to produce a comparable voltage swing. All the I/ O banks of Cyclone III
devices support BLVDS for user I/O pins.

The reduced swing differential signaling (RSDS) and mini-LVDS standards are
derivatives of the LVDS standard. The RSDS and mini-LVDSI/0O standards are
similar in electrical characteristics to LVDS, but have a smaller voltage swing and
therefore provide increased power benefits and reduced electromagnetic interference

(EMI).

The point-to-point differential signaling (PPDS) standard is the next generation of
RSDS standard introduced by National Semiconductor Corporation. Cyclone III
devices meet the National Semiconductor Corporation PPDS Interface Specification
and support the PPDS standard for outputs only. All of the I/O banks of Cyclone III
devices support the PPDS standard for output pins only.

You can use I/O pins and internal logic to implement the LVDS I/ O receiver and
transmitter in Cyclone III devices. Cyclone III devices do not contain dedicated
serialization or deserialization circuitry. Therefore, shift registers, internal PLLs, and
IOEs are used to perform serial-to-parallel conversions on incoming data and
parallel-to-serial conversion on outgoing data.

The LVDS standard does not require an input reference voltage, but it does require a
100-Q termination resistor between the two signals at the input buffer. An external
resistor network is required on the transmitter side for top and bottom I/O banks.

For more information about Cyclone III high-speed differential interface support,
refer to the High-Speed Differential Interfaces in Cyclone 11 Devices chapter in volume 1
of the Cyclone III Device Handbook.
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External Memory Interfacing

Cyclone III devices support I/O standards required to interface with a broad range of
external memory interfaces, such as DDR SDRAM, DDR2 SDRAM, and QDRII
SRAM.

For more information about Cyclone III external memory interface support, refer to
the External Memory Interfaces chapter in volume 1 of the Cyclone III Device Handbook.

Pad Placement and DC Guidelines

This section provides pad placement guidelines for the programmable I/O standards
supported by Cyclone III devices and includes essential information for designing
systems using the devices’ selectable I/O capabilities. This section also discusses DC
limitations and guidelines.

The Quartus II software provides user-controlled restriction relaxation options for
some placement constraints. When you relax a default restriction, the Quartus II Fitter
generates warnings.

For more information about how the Quartus II software checks I/ O restrictions, refer
to the I/O Management chapter in volume 2 of the Quartus II Handbook.

Differential Pad Placement Guidelines

I =
|5

To maintain an acceptable noise level on the V., supply, there are restrictions on the
placement of single-ended I/O pads in relation to differential pads when both of the
single-ended I/O and differential I/ O exist in the same bank. Follow the guidelines to
place single-ended pads with respect to differential pads and to place differential
output pads in Cyclone III devices.

For the LVDS 1/0 standard:

m At least four pads (including power and ground pads) of separation between a
single-ended input pad (excluding SSTL 2.5-V input pad) and a row LVDS I/O
pad

m At least five pads (including power and ground pads) of separation between a
single-ended output pad (excluding SSTL 2.5-V output pad) and a row LVDS 1/O
pad

m  Use a maximum of four 160-MHz LVDS output channels per 12 consecutive pads
in column I/O banks

m Use a maximum of three 320-MHz LVDS output channels per 12 consecutive pads
in column I/O banks

The Quartus II software only checks the first two cases.

For the RSDS and mini-LVDS I/O standards:

m At least four pads (incduding power and ground pads) of separation between a
single-ended input pad (excluding SSTL 2.5-V input pad) and a row RSDS and
mini-LVDS output pad

Cyclone Il Device Handbook, Volume 1 © October 2008 Altera Corporation
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At least five pads (including power and ground pads) of separation between a
single-ended output pad (excluding SSTL 2.5-V output pad) and a row RSDS and
mini-LVDS output pad

Use a maximum of three 85-MHz RSDS and mini-LVDS output channels per 12
consecutive pads in column I/O banks

Use a maximum of three 180-MHz RSDS output channels per 14 consecutive pads
inrow I/O banks

Use a maximum of three 220-MHz mini-LVDS output channels per 14 consecutive
pads in row I/O banks

The Quartus II software only checks the first two cases.

For the PPDS I/O standard:

At least four pads of separation between a single-ended input pad and a PPDS
output pad

At least five pads of separation between a single-ended output pad and a PPDS
output pad

Use a maximum of three 85-MHz PPDS output channels per 12 consecutive pads
in column I/O banks

The Quartus II software only checks the first two cases.

For the LVPECL I/0 standard:

At least four pads of separation between a single-ended input pad and an LVPECL
input pad

At least five pads of separation between a single-ended output pad and an
LVPECL input pad

There must be at least five pads of separation between an LVDS_E_3R, RSDS_E_1R,
RSDS_E_3R, or mini-LVDS_E_3R output pad and an LVDS or LVPECL input pad.
This restriction is to ensure minimal noise to LVDS or LVPECL inputs.

The Quartus II software does not check for this restriction.

The single-ended 1/O pad separation rules with respect to differential pad are
illustrated in Figure 7-16.
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Figure 7-16. Single-Ended 1/0 Pads Separation Rules with Respect to Differential Pads

X KRNEEE KK R

- J - )
' h'd
4 pads 5 pads
of separation of separation

% Single-ended output pad

|E Unused pad

|E LVDS /0, RSDS, mini-RSDS, PPDS output, or LVPECL input pad

% Single-ended input pad

When there is a large amount of single-ended output in a bank where dedicated
LVDS, RSDS, or mini-LVDS outputs exist, use the following recommendations:

m Limit the number of 2.5-V LVTTL 16 mA single-ended output to 50% per I/ Os
available in a bank

m Limit the number of 2.5-V LVTTL 12 mA to 60% per 1/Os available in a bank
m Limit the number of 2.5-V LVTTL 8 mA to 90% per 1/Os available in a bank

The Quartus Il software only prompts warning for these restrictions.
If mixed I/ O standards as listed in the previous recommendations exist in a bank

where dedicated LVDS, RSDS, or mini-LVDS outputs exist, use the formula in
Equation 7-1 to calculate the percentage (%) per total I/Os available in a bank.

Equation 7-1.

y 1 c
Z ax—| <
<\ %) " 100%

Where:

m 7 =number of different I/O standards, as an example: n = 2 if aggressors with
mixed I/0 standards of 2.5-V LVTTL 16 mA and 2.5-V LVITL 12 mA are used

® g =number of aggressor with that particular I/O standard
m b= percentage of aggressor that can be toggled for that specificI/O standard
m = (total pins in that bank - number of LVDS pins)
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V... Pad Placement Guidelines

When voltage referenced input or bidirectional pads exist in a bank, there are I/O
placement restrictions to prevent output switching noise from shifting the V; rail
and to maintain an acceptable noise level on the V., supply. Use the guidelines in
this section for placing I/ O pads in Cyclone III devices only when voltage referenced
input or bidirectional pads exist in a bank.

I['=~ The Quartus Il software performs all the calculations listed in this section
automatically.

Input Pads

Each Vg pad supports up to 32 input pads for FineLine BGA devices and up to 21
input pads for quad flat pack (QFP) devices.

Output Pads

There is no limit to the number of output pads that can be implemented in a bank if no
voltage referenced input or bidirectional pads exist in that bank. When a voltage
referenced input or bidirectional exists, nine outputs are supported for FineLine BGA
packages or five outputs are supported for QFP per 12 consecutive pads in column
banks or 14 consecutive pads in row banks.

To maintain acceptable noise levels, there must be at least two pads of separation
between any non-SSTL or non-HSTL output and a Vy;: pad when voltage referenced
input standards are using the Vi pad. Any SSTL or HSTL output, except for pintable
defined DQ and DQS outputs (when used for DDR/DDR2/QDRII applications), is
recommended to have at least two pads of separation from a Vg pad. The pad
separation rules for a Vi pad are illustrated in Figure 7-17 (for details about
guidelines for DQ and DQS pad placement, refer to “DDR/DDR2 and QDRII Pads” on
page 7-33).

Figure 7-17. Output Pad Separation Rules for a Vggr Pad

M MK X K X

2 pads 2 pads
of separation of separation

% Non-SSTL and non-HSTL output pad

|E Unused or input pad
] v

IXI SSTL or HSTL output pad (non-designated DQ and DQS outputs)
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Bidirectional Pads

Bidirectional pads must satisfy input and output guidelines simultaneously (for more
details about guidelines for DQ and DQS pad placement, refer to “DDR/DDR2 and
QDRII Pads” on page 7-33).

If the bidirectional pads are all controlled by the same output enable (OE) and there
are no other outputs or voltage referenced inputs in the bank, there is no case where a
voltage referenced input is active at the same time as an output. Therefore, the output
limitation does not apply. However, because the bidirectional pads are linked to the
same OE, all bidirectional pads act as inputs at the same time. Therefore, the input
limitation of 32 input pads (per Vg pad) for FineLine BGA packages and 21 input
pads (per Vig; pad) for QFP packages applies.

If the bidirectional pads are all controlled by different OEs, and there are no other
outputs or voltage referenced inputs in the bank, there may be a case where one group
of bidirectional pads is acting as inputs while another group is acting as outputs. In
such cases, apply the formulas shown in Table 7-8.

Table 7-8. Input-Only Bidirectional Pad Limitation Formulas

Package
Type Formula

FineLine BGA | (Total number of bidirectional pads) — (Total number of pads from the smallest
group of pads controlled by an OE) < 9 (per 12 consecutive pads for column I/0
banks or 14 consecutive pads for row I/0 banks)

QFP (Total number of bidirectional pads) — (Total number of pads from the smallest
group of pads controlled by an OE) < 5 (per 12 consecutive pads for column I/0

banks or 14 consecutive pads for row 1/0 banks)

When at least one additional voltage referenced input and no other outputs exist in
the same Vg bank, the bidirectional pad limitation applies in addition to the input
and output limitations. Refer to Equation 7-2 and Equation 7-3:

Equation 7-2.

Total number of bidirectional pads + total number of input pads < 32 for Fineline BGA packages

Equation 7-3.

Total number of bidirectional pads + total number of input pads < 21 for QFP packages

After applying equation Equation 7-2 or Equation 7-3, apply one of the equations in
Table 7-9, depending on the package type.

Table 7-9. Bidirectional Pad Limitation Formulas (Where Vgee Inputs Exist)

Package
Type Formula

FineLine BGA | (Total number of bidirectional pads) < 9 (per 12 consecutive pads for column 1/0
banks or 14 consecutive pads for row 1/0 banks)

QFP (Total number of bidirectional pads) < 5 (per 12 consecutive pads for column 1/0
banks or 14 consecutive pads for row |/0 banks)
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When at least one additional output exists but no voltage referenced inputs exist,
apply the appropriate formula from Table 7-10.

Table 7-10. Bidirectional Pad Limitation Formulas (Where Vger Outputs Exist)

Package Type Formula

FineLine BGA | (Total number of bidirectional pads) + (Total number of additional output pads) —
(Total number of pads from the smallest group of pads controlled by an OE) < 9
(per 12 consecutive pads for column 1/0 banks or 14 consecutive pads for row 1/0
banks)

QFP (Total number of bidirectional pads) + (Total number of additional output pads) —

(Total number of pads from the smallest group of pads controlled by an OE) < 5
(per 12 consecutive pads for column I/0 banks or 14 consecutive pads for row 1/0
banks)

When additional voltage referenced inputs and other outputs exist in the same V
bank, the bidirectional pad limitation must again simultaneously adhere to the input
and output limitations. As such, the following rules apply:

Equation 7-4.

Total number of bidirectional pads + total number of input pads < 32 for Fineline BGA packages

Equation 7-5.

Total number of bidirectional pads + total number of input pads < 21 for QFP packages

After applying equation Equation 7—4 or Equation 7-5, apply one of the equations in
Table 7-11, depending on the package type.

Table 7-11. Bidirectional Pad Limitation Formulas (Multiple Vg Inputs and Outputs)

Package
Type Formula

FineLine BGA | (Total number of bidirectional pads) + (Total number of output pads) < 9 (per 12
consecutive pads for column 1/0 banks or 14 consecutive pads for row I/0 banks)

QFP Total number of bidirectional pads + Total number of output pads < 5 (per 12
consecutive pads for column I/0 banks or 14 consecutive pads for row /0 banks)

Each I/O bank can only be set to a single Vo voltage level and a single V ;; voltage
level at a given time. Pins of different I/ O standards can share the bank if they have
compatible V., values and compatible Vg voltage levels (for more information,
refer to Table 7-7 on page 7-25).

DDR/DDR2 and QDRII Pads

For dedicated DQ and DQS pads on a DDR interface, the DQ pads must be on the same
side of the I/O banks as the DQS pads. With DDR and DDR2 memory interfaces, a
maximum of five DQ pads are supported per 12 consecutive pads in column banks or
14 consecutive pads in row banks. No other I/O can be placed in the same
consecutive pads where DQ pads are located, except DDR/DDR2 pins.
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For a QDRII interface, D is the QDRII output and Q is the QDRII input. D pads and Q
pads must be on the same side of I/O banks as cQ. With QDR and QDRII memory
interfaces, a maximum of five D and Q pads are supported per 12 consecutive pads in
column banks or 14 consecutive pads in row banks. No other I/ O can be placed in the
same consecutive pads where D or Q pads are located. Furthermore, the D, cmd, and
address pads cannot be placed at the same VREF bank where Q pads are located.

By default, the Quartus II software assigns D and Q pins on regular I/O pins you do
not provide location assignments on these pins. If you do not specify the function of a
D or Q pad in the Quartus II software, the software sets them as regular I/O pins. If
this occurs, Cyclone III QDR and QDRII performance is not guaranteed.

DCLK Pad Placement Guidelines

——)
s
&

I

DC Guidelines

s

Conclusion

There is a restriction on the proximity of selected I/O standard inputs and outputs to
the DCLK pin on QFP packages. The restriction is to minimize noise coupling from
neighboring I/Os to the DCLK pin, and is as follows:

If an I/Ois using 3.0- or 3.3-V I/0O standards, there must be one pad of separation
between the I/O and the DCLK for QFP packages.

The Quartus II software checks for this restriction.

There is a current limit of 240 mA per sum of 12 consecutive output pads for column
I/O or 14 consecutive pads for row 1/0O.

For the Quartus II software to automatically check for illegally placed pads according
to the DC Guidelines, set the DC current sink or source value to Electromigration
Current assignment on each of the output pins that are connected to the external
resistive load.

The programmable current strength setting has an impact on the amount of DC
current that an output pin can source or sink. Determine if the current strength setting
is sufficient for the external resistive load condition on the output pin.

For more information about Cyclone III FPGA power estimation, refer to PowerPlay
Early Power Estimator User Guide for Cyclone I1l FPGAs.

Cyclone III device I/O capabilities allow you to keep pace with increasing design
complexity utilizing a low-cost FPGA device family. Support for various I/O standard
compatibility allow Cyclone III devices to fit into a wide variety of applications. The
Quartus II software makes it easy to use these I/O standards in Cyclone III device
designs.

After design compilation, the software also provides clear, visual representations of
pads and pins and selected 1/ O standards. Taking advantage of the support of these
I/ O standards in Cyclone III devices allows you to lower your design costs without
compromising design flexibility or complexity.
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This chapter references the following documents:

B AN 447: Interfacing Cyclone III Devices with 3.3/3.0/2.5-V LVTTL/LVCMOS I/O
Systems

m  Area and Timing Optimization chapter in volume 2 of the Quartus II Handbook
m  Assignment Editor chapter in volume 2 of the Quartus II Handbook

m DC and Switching Characteristics chapter in volume 2 of the Cyclone I1I Device
Handbook

m  External Memory Interfaces chapter in volume 1 of the Cyclone III Device Handbook

m  High-Speed Differential Interfaces chapter in volume 1 of the Cyclone III Device
Handbook

m [/O Management chapter in volume 2 of the Quartus II Handbook
m  MultiTrack Interconnect chapter in volume 1 of the Cyclone III Device Handbook
m  PowerPlay Early Power Estimator User Guide for Cyclone III FPGAs

Document Revision History
Table 7-12 shows the revision history for this chapter.

Table 7-12. Document Revision History (Part 1 of 3)

Date and
Document
Version Changes Made Summary of Changes

October 2008 m Added (Note 6)to Table 7-5 —
V2.1 = Updated the “I/0 Banks” section

m Updated the “Differential Pad Placement
Guidelines” section

m Updated the “Vger Pad Placement Guidelines”
section

m Removed any mention of “RSDS and PPDS are
registered trademarks of National Semiconductor”
from chapter

m Updated chapter to new template

May 2008 m Added an introduction to “I/0 Element Features” | Changes include addition of BLVDS information.
v2.0 section

m Updated “Slew Rate Control” section
m Updated “Programmable Delay” section
m Updated Table 7-1 with BLVDS information
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Table 7-12. Document Revision History (Part 2 of 3)

Date and
Document
Version Changes Made Summary of Changes
May 2008 Updated Table 7-2 Changes include addition of BLVDS information.
v2.0

Updated “PCI-Clamp Diode” section

Updated “LVDS Transmitter Programmable Pre-
Emphasis” section

Updated “On-Chip Termination with Calibration’
section and added new Figure 7-9

Updated Table 7-3 title
Updated Table 7—-4 unit

Updated “I/0 Standards” section and Table 7-5
with BLVDS information and added (Note 5)

Updated “Differential 1/0 Standard Termination”
section with BLVDS information

Updated “I/0 Banks” section

Updated (Note 2)and added (Note 7) and BLVDS
information to Figure 7-15

Updated (Note 2) and added BLVDS information
to Table 7-6

Added MBGA package information to Table 7-7
Deleted Table 7-8

Updated “High-Speed Differential Interfaces”
section with BLVDS information

Updated “Differential Pad Placement Guidelines”
section and added new Figure 7-16

Updated “Vger Pad Placement Guidelines” section
and added new Figure 7-17

Updated Table 7—11

Added new “DCLK Pad Placement Guidelines”
section

Updated “DC Guidelines” section
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Table 7-12. Document Revision History (Part 3 of 3)

Date and
Document
Version

Changes Made

Summary of Changes

July 2007
vi.i

Updated feetpara note in “Programmable Current
Strength” section

Updated feetpara note in “Slew Rate Control”
section

Updated feetpara note in “Open-Drain Qutput”
section

Updated feetpara note in “Bus Hold” section

Updated feetpara note in “Programmable Pull-Up
Resistor” section

Updated feetpara note in “PCI-Clamp Diode”
section

Updated Figure 7-13

Updated Figure 7-14 and added Note (1)
Updated “I/0 Banks” section

Updated Note (5) to Figure 7-15

Updated “DDR/DDR2 and QDRII Pads” section
and corrected ‘cms’ to ‘cmd’

Updated Note 3 in Table 7-8

Added chapter TOC and “Referenced Documents”
section

March 2007
vi.0

Initial release.
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fAN |:| =/ 8. High-Speed Differential Interfaces in

Cl1151008-1.3

® Cyclone lll Devices

Introduction

High-speed differential I/O standards have become popular in high-speed interfaces
because of their significant advantages over single-ended I/O standards. In response
to the current market need, Altera® Cyclone® III devices support various differential
I/ O standards, including low-voltage differential signaling (LVDS), bus LVDS
(BLVDS), reduced swing differential signaling (RSDS®), mini-LVDS, and
point-to-point differential signaling (PPDS®).

LVDS is the technology of choice from high-speed backplane applications to high-end
switch boxes. LVDS is a low-voltage differential signaling standard, providing higher
noise immunity than single-ended I/ O technologies. Its low-voltage swing allows for
high-speed data transfers, low power consumption, and reduced electromagnetic
interference (EMI). LVDS I/O signaling is a data interface standard defined in the
TIA/EIA-644 and IEEE Std. 1596.3 specifications.

Cyclone III devices can receive LVDS signals at 875 Mbps on all I/O banks.

Cyclone III devices include dedicated differential output buffers to transmit LVDS
signals at up to 840 Mbps on the left and right I/O banks with no external resistors
required. The top and bottom I/O banks can transmit data at up to 640 Mbps using a
simple resistor network.

The BLVDS, RSDS, and mini-LVDS standards are derivatives of the LVDS standard.
The BLVDS extends the benefits of LVDS to multipoint application such as in
bidirectional backplanes. Cyclone III devices support BLVDS in all user I/O pins. The
speed of BLVDS supported in Cyclone III devices ultimately depends on the system
level design of the multipoint application such as bus topology, loading effect, and
terminations. Because the RSDS and mini-LVDS I/ O standards have smaller voltage
swing than LVDS, they provide increased power benefits and reduced EMI. National
Semiconductor Corporation and Texas Instruments introduced the RSDS and
mini-LVDS specifications, respectively. Currently, many designers use these
specifications for flat panel display links between the controller and the display
column drivers. Cyclone III devices support the RSDS and mini-LVDS I/O standards
at speeds up to 360 Mbps and 400 Mbps, respectively, at the dedicated transmitter
located on the left and right I/O banks, with no external resistors required.

The PPDS standard is the next generation of the RSDS standard introduced by
National Semiconductor Corporation. PPDS technology was introduced to address
the requirements for LCD television interfaces to improve display performance. PPDS
applications include multi-function LCD monitor and high-performance professional
LCD monitor. Cyclone Il devices support the PPDS I/O standards at speed up to 440
Mbps with no external resistors required at the dedicated transmitter located on the
left and right I/O banks.

The differential interface data serializers and deserializers (SERDES) are constructed
automatically in Cyclone III logic elements (LEs) with Quartus® Il software ALTLVDS
megafunction.
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Chapter 8: High-Speed Differential Interfaces in Cyclone Il Devices
Cyclone IlI High-Speed 1/0 Banks

This chapter describes how to use Cyclone Il I/O pins for differential signaling and
contains the following sections:

m “Cyclone Il High-Speed I/O Banks”

m “Cyclone III High-Speed I/O Interface”

m “High-Speed I/O Standards Support”

m “High-Speed I/O Timing in Cyclone III Devices”
m “Design Guidelines”

m “Software Overview”

Cyclone Il High-Speed

1/0 Banks

Cyclone III device I/Os are separated into eight I/O banks, as shown in Figure 8-1.
Each bank has an independent power supply. Dedicated output drivers for LVDS,
RSDS, mini-LVDS, and PPDS are on the left and right I/ O banks. These I/O standards
are also supported on the top and bottom I/O banks using external resistors. On the
left and right I/O banks, some of the differential pin pairs (p and n pins) of the
dedicated output drivers are not located on adjacent pins. In these cases, a power pin
is located between the p and n pins.

For more details about the location of the dedicated differential pins, refer to the pin
tables on the Altera website (www.altera.com).

Cyclone Il Device Handbook, Volume 1 © October 2008 Altera Corporation
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Figure 8-1 shows the performance target for various differential I/O standards.

Figure 8-1. Cyclone Ill 1/0 Banks

1/0 banks 7 and 8 also support the

1/0 Bank 8

HSTL-12 Class Il I/O standard

1/0 Bank 7

1/0 Bank 1

1/0 Bank 2

All I/O Banks Support:

3.3-V LVTTL/LVCMOS
3.0-V LVTTL/LVCMOS
2.5-V LVTTL/LVCMOS
1.8-V LVTTL/LVCMOS
1.5-V LVCMOS

1.2-V LVCMOS

3.0-V PCI/PCI-X (1)
LVDS

RSDS (2)

BLVDS (5)

mini-LVDS (2)

PPDS (2)

LVPECL (3)

SSTL-2 class | and Il
SSTL-18 CLass I and Il
HSTL-18 Class | and Il
HSTL-15 Class | and 1l
HSTL-12 Class |
Differential SSTL-2 (4)
Differenital SSTL-18 (4)
Differenital HSTL-18 (4)
Dlfferential HSTL-15 (4)
Differential HSTL-12 (4)

1/0 Bank 6

1/0 Bank 5

Notes to Figure 8-1:

1/0 Bank 3

1/0 Bank 4

1/0 banks 3 and 4 also support the
HSTL-12 Class Il I/O standard

(1) The PCI-X 1/0 standard does not meet the IV curve requirement at the linear region.

2
3

(
(
@

) The RSDS, mini-LVDS, and PPDS I/0 standards are only supported on output pins. These I/0 standards are not supported on input pins.
) The LVPECL I/0 standard is only supported on dedicated clock input pins. This I/0 standard is not supported on output pins.
) The differential SSTL-2, SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/0 standards are only supported on dedicated clock input pins and PLL

output clock pins. PLL output clock pins do not support Class Il interface type of differential SSTL-18, HSTL-18, HSTL-15, and HSTL-12 1/0

standards.

(5) BLVDS output uses two single-ended outputs with the second output programmed as inverted. BLVDS input uses LVDS input buffer.

© QOctober 2008  Altera Corporation
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Table 8-1. Performance Targets for Various Differential 1/0 Standards

External fun (Mbps)
Resistor
Pintahle Network at Transmitter
Differential 1/0 Standards 1/0 Bank Location Package (7) Transmitter (TX) Receiver (RX)
LVDS 1,2,5,6 Adj. Not required 840 875
1,2,5,6 Sep. Not required 840 875
Al Res. Three resistors 640 875
RSDS 1,2,5,6 Adi. Not required 360 Not supported
1,2,5,6 Sep. Not required 360
3,4,7,8 Res. Three resistors 360
All Res. Single resistor 170
BLVDS Al NA Single resistor (4) (4)
mini-LVDS 1,2,5,6 Adj. Not required 400 Not supported
1,2,5,6 Sep. Not required 400
Al Res. Three resistors 400
PPDS 1,2,5,6 Adj. Not required 440 Not supported
1,2,5,6 Sep. Not required 440
Al Res. Three resistors 440
LVPECL (2) All NA NA Not supported 875
Differential SSTL-2 (3) Al NA NA 500 500
Differential SSTL-18 (3) 1,2,5,6 NA NA 600 600
34,78 NA NA 600 600
Differential HSTL-18 (3) Al NA NA 600 600
Differential HSTL-15 (3) All NA NA 600 600
Differential HSTL-12 (3) Al NA NA 500 400

Notes to Table 8-1:

(1) “Adj.” denotes the dedicated differential output drivers with p and n pins located adjacent to each other. “Sep.” denotes the dedicated
differential output drivers with p and n pins not located adjacent to each other. “Res.” denotes the differential output drivers that require an
external resistor network.

For details on the location of these pins, refer to the pin tables on the Altera web site (www.altera.com).

(2) The LVPECL 1/0 standard is only supported on dedicated clock input pins.

(3) Thedifferential SSTL-2, SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/0 standards are only supported on clock input pins and PLL output clock
pins. PLL output clock pins do not support Class Il interface type of differential SSTL-18, HSTL-18, HSTL-15, and HSTL-12 I/0 standards.

(4) Transmitter and receiver fyax depends on system topology performance requirement.

Cyclone il High-Speed I/0 Interface

Cyclone III devices provide a multi-protocol interface that allows communication
between a variety of I/O standards, including LVDS, BLVDS, RSDS, mini-LVDS,
PPDS, LVPECL, differential HSTL, and differential SSTL. This feature makes the
Cyclone III device family ideal for applications that require multiple I/O standards,
such as protocol translation.

Cyclone Il Device Handbook, Volume 1 © October 2008 Altera Corporation
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You can use I/0 pins and internal logic to implement a high-speed I/O receiver and
transmitter in Cyclone III devices. Cyclone III devices do not contain dedicated
serialization or deserialization circuitry. Therefore, shift registers, internal
phase-locked loops (PLLs), and 1/O cells are used to perform serial-to-parallel
conversions on incoming data and parallel-to-serial conversion on outgoing data.

Table 8-2 shows the numbers of Cyclone III device differential channels.

Table 8-2. Cyclone Il Device Differential Channels (Part 1 of 2)

Number of Differential Channels
Device Package Pin Count User 1/0 Clock Input | Clock Output Total
EP3C5 EQFP 144 16 4 2 22
FBGA 256 62 4 2 68
MBGA 164 22 4 2 28
UBGA 256 62 4 2 68
EP3C10 EQFP 144 16 4 2 22
FBGA 256 62 4 2 68
MBGA 164 22 4 2 28
UBGA 256 62 4 2 68
EP3C16 EQFP 144 7 8 4 19
EQFP 240 35 8 4 47
FBGA 256 43 8 4 55
FBGA 484 128 8 4 140
MBGA 164 11 8 4 23
UBGA 256 43 8 4 55
UBGA 484 128 8 4 140
EP3C25 EQFP 144 6 8 4 18
EQFP 240 31 8 4 43
FBGA 256 42 8 4 54
FBGA 324 71 8 4 83
UBGA 256 42 8 4 54
EP3C40 EQFP 240 14 8 4 26
FBGA 324 49 8 4 61
FBGA 484 115 8 4 127
FBGA 780 215 8 4 227
UBGA 484 115 8 4 127
EP3C55 FBGA 484 123 8 4 135
FBGA 780 151 8 4 163
UBGA 484 123 8 4 135
EP3C80 FBGA 484 101 8 4 113
FBGA 780 169 8 4 181
UBGA 484 101 8 4 113

© QOctober 2008  Altera Corporation Cyclone IlI Device Handbook, Volume 1



8-6 Chapter 8: High-Speed Differential Interfaces in Cyclone Il Devices
Cyclone Il High-Speed /0 Interface

Table 8-2. Cyclone IIl Device Differential Channels (Part 2 of 2)

Number of Differential Channels

Device Package Pin Count User 1/0 Clock Input Clock Output Total
EP3C120 FBGA 484 94 8 4 106
FBGA 780 221 8 4 233

Table 8-3 shows the numbers of Cyclone III device differential channels that are
migratable.

Table 8-3. Cyclone IIl Device Migratable Differential Channels (Part 1 of 2)

Migratahle Channels
Package Migration between
Type Devices User 1/0 CLK Total
E144 EP3C5 and EP3C10 16 4 20
EP3C5 and EP3C16 5 4 9
EP3C5 and EP3C25 6 4 10
EP3C10 and EP3C16 5 4 9
EP3C10 and EP3C25 6 4 10
EP3C16 and EP3C25 5 8 13
M164 EP3C5 and EP3C10 22 4 26
EP3C5 and EP3C16 11 4 15
EP3C10and EP3C16 19 4 14
Q240 EP3C16 and EP3C25 23 8 31
EP3C16 and EP3C40 11 8 19
EP3G25 and EP3C40 12 8 20
F256 EP3C5 and EP3C10 62 4 66
EP3C5 and EP3C16 39 4 43
EP3C5 and EP3C25 40 4 44
EP3C10 and EP3C16 39 4 43
EP3C10 and EP3G25 40 4 44
EP3C16 and EP3C25 33 8 4
U256 EP3C5 and EP3C10 62 4 66
EP3C5 and EP3C16 39 4 43
EP3C5 and EP3C25 40 4 44
EP3C10 and EP3C16 39 4 43
EP3C10 and EP3C25 40 4 44
EP3C16 and EP3C25 33 8 4
F324 EP3C25 and EP3C40 47 8 55
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Table 8-3. Cyclone IIl Device Migratable Differential Channels (Part 2 of 2)

Migratahle Channels
Package Migration between

Type Devices User 1/0 CLK Total
F484 EP3C16 and EP3C40 102 8 110
EP3C16 and EP3C55 98 8 106

EP3C16 and EP3C80 79 8 87

EP3C16 and EP3C120 72 8 80

EP3C40 and EP3C55 102 8 110

EP3C40 and EP3C80 84 8 92

EP3C40 and EP3C120 74 8 82

EP3(C55 and EP3(C80 98 8 106

EP3C55 and EP3C120 85 8 93

EP3C80 and EP3C120 88 8 96

U484 EP3C16 and EP3C40 102 8 110
EP3C16 and EP3C55 98 8 106

EP3C16 and EP3C80 79 8 87

EP3C40 and EP3C55 102 8 110

EP3C40 and EP3C80 84 8 92

EP3C55 and EP3C80 98 8 106

F780 EP3C40 and EP3C55 46 8 54

EP3C40 and EP3C80 51 8 59

EP3C40 and EP3C120 54 8 62

EP3(C55 and EP3(C80 144 8 152

EP3C55 and EP3C120 142 8 150

EP3C80 and EP3C120 160 8 168

High-Speed
1/0 Standards Support

This section provides information about the high-speed I/O standards that
Cyclone III devices support.

LVDS 1/0 Standard Support in Cyclone Il Devices

The LVDS 1/0 standard is a high-speed, low-voltage swing, low power, and general
purpose I/0O interface standard. The Cyclone Il device meets the ANSI/TIA /EIA-644

standard with the following exceptions:

® The maximum voltage output differential (VOD) is increased to 600 mV. The

maximum VOD for ANSI specification is 450 mV

m The input voltage range can be reduced to the range of 1.0 Vto 1.6 V, 0.5 V to

1.85V, or 0V to 1.8 V based on different frequency ranges. The
ANSI/TIA /EIA-644 specification supports an input voltage range of 0 V to 2.4 V

© QOctober 2008  Altera Corporation
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For the LVDS I/O standard electrical specifications, refer to the DC and Switching
Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

All the Cyclone III device I/O banks support LVDS channels. The left and right I/O
banks support dedicated LVDS transmitters. On the top and bottom I/O banks, the
LVDS transmitters are supported using external resistors. The LVDS standard does
not require an input reference voltage; however, it does require an external 100-Q
termination resistor between the two signals at the input buffer.

LVDS Transmitter

Cyclone III LVDS dedicated transmitters, which are located on the left and right I/O
banks, support a data rate up to 840 Mbps, and the transmitters located on the top and
bottom I/O banks support up to 640 Mbps (using external resistors).

For LVDS data rates in Cyclone III devices with different speed grades, refer to the DC
and Switching Characteristics chapter in volume 2 of the Cyclone 111 Device Handbook.

Figure 8-2 shows a simple point-to-point LVDS application using a Cyclone III
dedicated transmitter in which the source of the data is an LVDS transmitter. These
LVDS signals are typically transmitted over a pair of PCB traces; however, a
combination of a PCB trace, connectors, and cable is a common application setup.

Figure 8-2. Typical LVDS Application

Transmitting Device

— =

Cyclone Il Device

) txout + xin + Receiving Device
txout + rxin +
X s0o X
X— soe X Cyclone Il D—|_s0e s
100 Q§ | Logic 100 Q
X—{ s0a }X—e Array
txout - rxin - X s0@
txout - rxin -

Input Buffer Output Buffer

Cyclone Il Device Handbook, Volume 1

Figure 8-3 shows the LVDS I/0O interface with dedicated output buffer on the left and
right I/ O banks.

Figure 8-3. LVDS Interface with Dedicated Output Buffer on the Left and Right I/0 Banks

Cyclone Ill Device

Dedicated. LVDS LVDS Receiver
Trasnmitter

12 =)

Figure 8-4 shows the LVDS I/0 interface with external resistor network on the top
and bottom I/0O banks.
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Figure 8-4. LVDS Interface with External Resistor Network on the Top and Bottom 1/0 Banks  (Note 1)

Cyclone IIl Device

Non-Dedicated
LVDS Transmitter

Resistor Network LVDS Beceiver
Rs \
( _50Q ) :#>
— Rp 100 Q
0 _s0Q )
Rs

Note to Figure 8-4:
(1) Rs=1200;Rp=1700Q

Figure 8-5 shows the signaling level for LVDS transmitter outputs.

Figure 8-5. Transmitter Output Waveforms for the LVDS Differential I/0 Standard

Single-Ended Waveform
Positive Channel (p) = Vo

Negative Channel (n) =V

Ground

Differential Waveform (Mathematical Function of Positive and Negative Channels)

Vob
oV

Vob

p-n(l)

Note to Figure 8-5:
(1) The p — nwaveform is a function of the positive channel (p) and the negative channel (n).

LVDS Receiver

Cyclone III LVDS receivers support a data rate up to 875 Mbps. All the Cyclone III
device I/O banks support dedicated receivers. The maximum internal clock
frequency for the receiver is 437.5 MHz.

Figure 8-6 shows the signaling level for LVDS receiver inputs.
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Figure 8-6. Receiver Input Waveforms for the LVDS Differential I/0 Standard

Single-Ended Waveform
Positive Channel (p) = Voy

ViD

Negative Channel (n) =Vg

Ground

Differential Waveform (Mathematical Function of Positive and Negative Channels)

ViD

ov

Vip Vip
p-n(1)

Note to Figure 8-6:
(1) The p — nwaveform is a function of the positive channel (p) and the negative channel (n).

BLVDS 1/0 Standard Support in Cyclone Il Devices

The BLVDS I/0 standard is a high-speed differential data transmission technology
that extends the benefits of standard point-to-point LVDS to multipoint configuration
that supports bidirectional half-duplex communication. BLVDS differs from standard
LVDS by providing a higher drive to achieve similar signal swings at the receiver
while loaded with two terminations at both ends of the bus.

Figure 8-7 shows a typical BLVDS topology with multiple transmitter and receiver
pairs.

Figure 8-7. BLVDS Topology with Cyclone Il Transmitters and Receivers
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All the Cyclone III device I/O banks support the BLVDS standard. The BLVDS
transmitter uses two single-ended output buffers with the second output buffer
programmed as inverted, while the BLVDS receiver uses a dedicated LVDS input
buffer. The transmitter and receiver share the same pins. An output enable (OE) signal
is required to tri-state the output buffers when the LVDS input buffer receives a

signal.

You can use ALTIOBUF megafunction to instantiate the output buffers, the input
buffer, and the OE signal.

For more information about ALTIOBUF megafunction, refer to the I/O Buffer
Megafunction (ALTIOBUF) User Guide.

For more information about BLVDS I/O features and electrical specifications, refer to
the Cyclone I1I Device 1/O Features chapter in volume 1 of the Cyclone III Device
Handbook and the DC and Switching Characteristics chapter in volume 2 of the

Cyclone 11l Device Handbook.

For more information and design example on implementing the BLVDS interfaces in
Cyclone III devices, refer to AN 522: Implementing Bus LVDS Interface in Cyclone I11
Devices.

Designing with BLVDS

In BLVDS, the bidirectional communication requires termination at both ends of the
bus. The termination resistor, R;, needs to match the bus differential impedance,
which in turn depends on the loading on the bus. Increasing the load decreases the
bus differential impedance. With termination at both ends of the bus, termination is
not required between the two signals at the input buffer. A single series resistor, R, is
required at the output buffer to match the output buffer impedance to the
transmission line impedance. However, this series resistor affects the voltage swing at
the input buffer. The maximum data rate achievable depends on many factors. You
should perform simulation while considering factors such as bus loading, termination
values, and output and input buffer location on the bus to ensure that the required
performance is achieved.

RSDS 1/0 Standard Support in Cyclone Ill Devices

The RSDS specification is used in chip-to-chip applications between the timing
controller and the column drivers on the display panels. Cyclone III devices meet the
National Semiconductor Corporation RSDS Interface Specification and support the
RSDS output standard. All the Cyclone III device I/O banks support the RSDS output
standard. The left and right I/O banks support dedicated RSDS transmitters, which
are able to run at up to 360 Mbps. On the top and bottom I/O banks, the RSDS
transmitters are supported using external resistors, and are able to run at up to

360 Mpbs. The RSDS standard does not require an input reference voltage; however, it
does require a 100-Q termination resistor between the two signals at the input buffer.

For the RSDS 1/0 standard electrical specifications, refer to the DC and Switching
Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

Figure 8-8 shows the RSDS transmitter output signal waveforms.
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Figure 8-8. Transmitter Output Signal Level Waveforms for RSDS

Single-Ended Waveform
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Note to Figure 8-8:
(1) The p — nwaveform is a function of the positive channel (p) and the negative channel (n).

Designing with RSDS

No external resistor network is required when using a dedicated RSDS output buffer.

Figure 8-9 shows the RSDS I/0O interface with a dedicated output buffer on the left
and right I/O banks. For a non-dedicated output buffer on the top and bottom I/0
banks, an external resistor network is required, as shown in Figure 8-10.

Figure 8-9. RSDS Interface with Dedicated Output Buffer on the Left and Right I/0 Banks

Cyclone Ill Device

Dedicated RSDS RSDS Receiver
Trasnmitter

50 Q *
_I:Z: 1009% :j>
50 Q

Figure 8-10. RSDS Interface with External Resistor Network on the Top and Bottom 1/0 Banks  (Note 1)

Cyclone Ill Device

Non-Dedicated
RSDS Transmitter

Resistor Network

RSDS Receiver

0 _s0a )
— Re 100 Q
0 _soa )

Note to Figure 8-10:
(1) Rg=1200;Rp=1700Q
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For more information about the RSDS 1/0 standard, refer to the RSDS specification
from the National Semiconductor website (www.national.com).

A resistor network is required to attenuate the output voltage swing to meet RSDS
specifications when using non-dedicated RSDS transmitters. You can modify the
resistor network values to reduce power or improve the noise margin.

The resistor values chosen should satisfy Equation 8-1.

Equation 8-1.

You should perform additional simulations using the IBIS models to validate that
custom resistor values meet the RSDS requirements.

Instead of using three resistors in the resistor network, it is possible to use a single
external resistor. The external single-resistor solution reduces the external resistor
count while still achieving the required signaling level for RSDS. However, the
performance of the single-resistor solution is lower than the performance with the
resistor network. RSDS with single external resistor is able to run up to 170 Mbps. To
transmit the RSDS signal, an external resistor (Rp) is connected in parallel between the
two adjacent I/O pins on the board, as shown in Figure 8-11.

Figure 8-11. RSDS Interface with Single Resistor Network on the Top and Bottom 1/0 Banks

Cyclone lll Device

RSDS Transmitter

d_s0e )
— Rp 100 Q
0 _s0a )

Non-Dedicated

Single Resistor Network RSDS ﬁeceiver

Note to Figure 8-11:
(1) Rp=1000

Mini-LVDS 1/0 Standard Support in Cyclone Il Devices

The mini-LVDS specification defines its use in chip-to-chip applications between the
timing controller and the column drivers on display panels. Cyclone III devices meet
the Texas Instruments mini-LVDS Interface Specification and support the mini-LVDS
output standard. All the Cyclone III device I/O banks support the mini-LVDS output
standard. The left and right I/O banks support dedicated mini-LVDS transmitters,

© QOctober 2008  Altera Corporation Cyclone IlI Device Handbook, Volume 1


http://www.national.com/

8-14 Chapter 8: High-Speed Differential Interfaces in Cyclone Il Devices
High-Speed 1/0 Standards Support

which are able to run at up to 400 Mbps. On the top and bottom I/0O banks, the
mini-LVDS transmitters are supported using external resistors, and are able to run at
up to 400 Mbps. The mini-LVDS standard does not require an input reference voltage;
however, it does require a 100-Q2 termination resistor between the two signals at the
input buffer.

<o For the mini-LVDS 1/O standard electrical specifications, refer to the DC and Switching
Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

Figure 8-12 shows the mini-LVDS transmitter output signal waveforms.

Figure 8-12. Transmitter Output Signal Level Waveforms for Mini-LVDS

Single-Ended Waveform

Positive Channel (p) = Vo
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Negative Channel (n) = Vg
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Note to Figure 8-12:
(1) The p — nwaveform is a function of the positive channel (p) and the negative channel (n).

Designing with Mini-LVDS

Similar to RSDS, there is no external resistor network required when you use a
dedicated mini-LVDS output buffer on the left and right I/O banks. Figure 8-13
shows the mini-LVDS I/0O interface with a dedicated output buffer. For a
non-dedicated output buffer on the top and bottom I/O banks, an external resistor
network is required, as shown in Figure 8-14. The resistor values chosen should
satisfy Equation 8-1.

Figure 8-13. mini-LVDS Interface with Dedicated Output Buffer on the Left and Right 1/0 Banks
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Figure 8-14. mini-LVDS Interface with External Resistor Network on the Top and Bottom I/0 Banks  (Note 1)
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Note to Figure 8-14:
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PPDS 1/0 Standard Support in Cyclone Ill Devices

The PPDS specification is used in chip-to-chip applications between the timing
controller and the column drivers on display panels such as LCD monitor panels and
LCD televisions. Cyclone III devices meet the National Semiconductor Corporation
PPDS Interface Specification and support the PPDS output standard. All the
Cyclone III device I/O banks support the PPDS output standard. The left and right
1/ O banks support dedicated PPDS transmitters, which run at up to 440 Mbps. On the
top and bottom 1/O banks, the PPDS transmitters are supported using external
resistors, and are able to run up to 440 Mbps. The PPDS standard does not require an
input reference voltage; however, it does require a 100-Q termination resistor between
the two signals at the input buffer.

“ ™. e TForthe PPDS1/0 standard electrical specification, refer to the DC and Switching

Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

Figure 8-15 shows the PPDS transmitter output signal waveforms.

Figure 8-15. Transmitter Output Signal Level Waveforms for PPDS
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p-n(1)

Note to Figure 8-15:
(1) The p — nwaveform is a function of the positive channel (p) and the negative channel (n).
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Designing with PPDS

Similar to RSDS and mini-LVDS, no external resistor network is required when you
use a dedicated PPDS output buffer. Figure 8-16 shows the PPDS I/0O interface with a
dedicated output buffer. For a non-dedicated output buffer, an external resistor
network is required, as shown in Figure 8-17. The resistor values chosen should
satisfy the Equation 8-1.

Figure 8-16. PPDS Interface with Dedicated Output Buffer on the Left and Right 1/0 Banks

Cyclone Il Device

Dedicated PPDS PPDS Receiver
Transmitter _

50 Q
_IE:: 1009% ::JI>
50 Q

Figure 8-17. PPDS Interface with External Resistor Network on the Top and Bottom 1/0 Banks

Cyclone lll Device

Non-Dedicated

PPDS Transmitter
Resistor Network PPDS Receiver
Rs
Q s0Q )
— Rp 100 Q
0 s0Q )
Rs

Note to Figure 8-17:
(1) Rg=1200;Rp=1700Q

LVPECL 1/0 Support in Cyclone Ill Devices

The LVPECL I/ O standard is a differential interface standard that requires a 2.5-V
Veceo. This standard is used in applications involving video graphics,
telecommunications, data communications, and clock distribution. The high-speed,
low-voltage swing LVPECL I/O standard uses a positive power supply. Cyclone III
devices support the LVPECL input standard at the dedicated clock input pins only.
The LVPECL standard does not require an input reference voltage; however, it does
require an external 100-Q termination resistor between the two signals at the input
buffer.

“ . Forthe LVPECLI/O standard electrical specification, refer to the DC and Switching
Characteristics chapter in volume 2 of the Cyclone III Device Handbook.

AC coupling is required when LVPECL common mode voltage of the output buffer is
higher than the Cyclone III LVPECL input common mode voltage.
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Figure 8-18 shows the AC-coupled termination scheme. The 50-Q resistors used at the

receiver end are external to the device. DC-coupled LVPECL is supported if the

LVPECL output common mode voltage is within the Cyclone III LVPECL input buffer
specification (see Figure 8-19).

Figure 8-18. LVPECL AC-Coupled Termination

LVPECL

Output Buffer

LVPECL Input Buffer

Cyclone Il Device

0.1 uF
I Z- =50 Q)
il 140 =504 y 50 Q L
ICM
| == i‘m i
0.1 uF
Figure 8-19. LVPECL DC-Coupled Termination
Cyclone Il Device
LVPECL Transmitter LVPECL Receiver
] 50 Q \ 4 L
I> 100 Q % j>
—l 50 Q r

Differential SSTL 1/0 Standard Support in Cyclone Il Devices

The differential SSTL I/O standard is a memory-bus standard used for applications
such as high-speed double-data rate (DDR) SDRAM interfaces. The differential SSTL

I/Ostandard AC and DC specifications are similar to SSTL single-ended

specifications. The standard requires two differential inputs with an external reference
voltage (VREF) as well as an external termination voltage (VTT) of 0.5 X Vo to which
termination resistors are connected. Cyclone III devices support differential SSTL-2

and SSTL-18 I/ O standards. A 2.5-V output source voltage is required for differential

SSTL-2, and a 1.8-V output source voltage is required for differential SSTL-18. The

differential SSTL output standard is only supported at PLL#_CLKOUT pins using two

single-ended SSTL output buffers (PLL#_CLKOUTp and PLL#_CLKOUTn)
programmed to have opposite polarity.

L=~ The differential SSTL input standard is supported at the global clock (GCLK) pins only,
where it treats differential inputs as two single-ended SSTL and only decodes one of
them.

«o For SSTL signaling characteristics, refer to the Cyclone III Device I/O Features chapter

and the DC and Switching Characteristics chapter in volumes 1 and 2, respectively, of
the Cyclone I1I Device Handbook.

Figure 8-20 and Figure 8-21 show the differential SSTL Class I and II interfaces,

respectively.
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Figure 8-20. Differential SSTL Class | Interface

Vit Vi
Output Buffer 50 Q §50 Q Receiver
25Q
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Figure 8-21. Differential SSTL Class Il Interface

Vo Vo Vir M
Output Buffer (1) 50 Q § 50 Q 500 §50 Q Receiver
25Q
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Note to Figure 8-21:
(1) PLL output clock pins do not support differential SSTL-18 Class Il 1/0 standard.

Differential HSTL 1/0 Standard Support in Cyclone Ill Devices

The differential HSTLI/0O standard is used for the applications designed to operate in
the0Vt012V,0Vto1.5V,or0Vto1l.8V HSTL logic switching range. Cyclone III
devices support differential HSTL-18, HSTL-15, and HSTL-12 I/O standards. The
differential HSTL AC and DC specifications are the same as the HSTL single-ended
specifications. The differential HSTL input standard is available on the GCLK pins
only, treating differential inputs as two single-ended HSTL and only decoding one of
them. The differential HSTL output standard is only supported at the PLL# CLKOUT
pins using two single-ended HSTL output buffers (PLL# CLKOUTp and

PLL#_ CLKOUTn), with the second output programmed as inverted. The standard
requires two differential inputs with an external reference voltage (VREF), as well as
an external termination voltage (VTT) of 0.5 x Vcioto which termination resistors are
connected.

«o For HSTL signaling characteristics, refer to the Cyclone III Device I/O Features and DC
and Switching Characteristics chapters in volumes 1 and 2, respectively, of the

Cyclone 11I Device Handbook.

Figure 8-22 and Figure 8-23 show differential HSTL Class I and II interfaces,
respectively.
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Figure 8-22. Differential HSTL Class | Interface
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Figure 8-23. Differential HSTL Class Il Interface

Vi1 Vi Vit VT
Output Buffer (1) 50 Q § 50 Q 50 Q gso Q Receiver
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Note to Figure 8-23:
(1) Cyclone Il devices do not support differential HSTL Class Il interface on outputs. Itis only supported as inputs on GCLK pins.

Feature of the Dedicated Output Buffer

Cyclone III dedicated differential transmitters offer programmable pre