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fAN = oYa Section I. Device Core

This section provides a complete overview of all features relating to the

HardCopy® III device family. HardCopy III devices are Altera’s latest generation of
low-cost, high-performance, low power ASICs with pin-outs, densities, and
architecture that complement Stratix® III devices. This section includes the following
chapters:

m  Chapter 1, HardCopy III Device Family Overview

m Chapter 2, Logic Array Block and Adaptive Logic Module Implementation in
HardCopy III Devices

m Chapter 3, DSP Block Implementation in HardCopy III Devices
m Chapter 4, TriMatrix Embedded Memory Blocks in HardCopy III Devices
m Chapter 5, Clock Networks and PLLs in HardCopy III Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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A |:| £ )/, 1. HardCopy Ill Device Family Overview

This chapter provides an overview of features available in the HardCopy® III device
family. More details about these features can be found in their respective chapters.

HardCopy III devices are Altera’s low-cost, high-performance, low-power ASICs with
pin-outs, densities, and architectures that complement Stratix® III devices.
HardCopy III device features, such as phase-locked loops (PLLs), embedded memory,
and I/0O elements (IOEs), are functionally and electrically equivalent to the Stratix III
FPGA features. The combination of the Quartus® II software for design, Stratix III
FPGAs for in-system prototype and design verification, and HardCopy III devices for
high-volume production, provides a complete, low-risk design solution to meet your
business needs.

HardCopy III devices improve on the successful and proven methodology of the
previous generations of HardCopy devices. Altera® HardCopy III devices use the
same base arrays across multiple customer designs for a given device density. They
are customized using only two metal and three via layers. The Quartus II software
provides a complete set of tools for designing the Stratix III FPGA prototypes and the
HardCopy III ASICs. HardCopy III devices are also supported through other
front-end design tools from Synopsys and Mentor Graphics®.

Based on a 0.9-V, 40-nm process, the HardCopy III family is an alternative to the
standard cell ASIC for low-cost, high-performance logic, digital signal processing
(DSP), and embedded designs.

This chapter contains the following sections:
m “Features” on page 1-2
m  “Architectural Features” on page 1-9

m “Software Support and Part Number Information” on page 1-13

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any cfroducts and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Chapter 1: HardCopy Ill Device Family Overview
Features

Features
HardCopy III devices offer the following features:
m General

m Fine-grained HCell architecture resulting in a low-cost, high-performance,
low-power ASIC

m Fully tested production-quality samples typically available 14 weeks from the
date of your design submission

m  Design functionality the same as the Stratix III FPGA prototype

m System performance and power

m Core logic performance up to 50% faster than the Stratix III FPGA prototype

m Power consumption reduction of typically 50% or greater from the Stratix III
FPGA prototype

m  Robust on-chip hot socketing and power sequencing support

m  Support for instant-on or instant-on-after-50 ms power-up modes

m I/O:GND:PWR ratio of 8:1:1 along with on-die and on-package decoupling for
robust signal integrity

"=~ The actual performance and power consumption improvements described

in this data sheet are design-dependent.
m Logic and Digital Signal Processing (DSP)

m 2.7 to 7 million usable gates for both logic and DSP functions (as shown in
Table 1-1)

m High-speed DSP functions supporting 9 x 9,12 x 12, 18 x 18, and 36 x 36
multipliers, multiple accumulate functions, and finite impulse response (FIR)
filters

m Internal memory

m TriMatrix memory, consisting of three RAM block sizes to implement true
dual-port memory and first-in first-out (FIFO) buffers

m  Up to 16,272 Kbits RAM in embedded RAM blocks (including parity bits)

m  Memory logic array blocks (MLAB) implemented in HCell logic fabric

m Clock resources PLLs

m  Up to 16 global clocks, 88 regional clocks, and 88 peripheral clocks per device

m  Clock control block supporting dynamic clock network enable/disable and
dynamic global clock network source selection

m Up to 12 PLLs per device supporting PLL reconfiguration, clock switchover,
programmable bandwidth, clock synthesis, and dynamic phase shifting

HardCopy 11l Device Handbook Volume 1: Device Interfaces and Integration January 2011  Altera Corporation
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Features

m [/0 standards, external memory interface, and intellectual property (IP)

Support for numerous single-ended and differential I/O standards, such as
LVTTL, LVCMOS, PCI, PCI-X, SSTL, HSTL, and LVDS

High-speed differential I/O support with serializer / deserializer (SERDES) and
dynamic phase alignment (DPA) circuitry for 1.25 Gbps performance

Support for high-speed networking and communications bus standards,
including SPI-4.2, SFI-4, SGMII, Utopia IV, 10 Gigabit Ethernet XSLI,
Rapid I/0, and NPSI

Memory interface support with dedicated DQS logic on all I/O banks

Dynamic On-Chip Termination (OCT) with auto-calibration support on all1/O
banks

Support for high-speed external memory interfaces, including DDR, DDR2,
DDR3 SDRAM, RLDRAM 1II, QDR 1II, and QDR II+ SRAM on up to 20 modular
I/0O banks

Support for multiple intellectual property megafunctions from Altera
MegaCore® functions and Altera Megafunction Partners Program (AMPPSM)

Nios® II embedded processor support

m JTAG—IEEE 1149.1 boundary scan testing (BST) support

m Packaging

Pin-compatible with Stratix III FPGA prototypes
Up to 880 user I/O pins available
Flip chip, space-saving FineLine BGA packages available (Table 1-3)

Table 1-1 lists the HardCopy III ASIC devices and available features.

Tahle 1-1. HardCopy Il ASIC Family Features (Part 1 of 2)

. Total Dedicated :
bardGony | ek | poualens | MOK | MK | RAMBiS | e | pus

Prototype Gates (7) MLABS) (2)9 (FIR Mode)

EP3SL110 2.7 M 275 12 4,203 Kb 288 4

EP3SL150 3.6 M 355 16 5,499 Kb 384 4

EP3SE110 58M 639 16 8,055 Kb 896 4

HC325 EP3SL200 53 M 468 32 8,820 Kb 576 4

EP3SE260 6.9M 864 32 12,384 Kb 768 4

EP3SL340 7.0M 864 32 12,384 Kb 576 4

January 2011 Altera Corporation
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1-4 Chapter 1: HardCopy Il Device Family Overview

Features
Table 1-1. HardCopy Ill ASIC Family Features (Part 2 of 2)
. Total Dedicated .
bardCony | ek | pouatent | MOK | MK | RAMBiS | e | pus
Prototype Gates (1) MLABS) (2)9 (FIR Mode)
EP3SL150 3.6 M 355 16 5,499 Kb 384
EP3SE110 58 M 639 16 8,055 Kb 896
EP3SL200 5.3M 468 36 9,396 Kb 576 12 (3)
HC335 EP3SE260 6.9 M 864 43 14,688 Kb 768 12 (3)
EP3SL340 7.0M 1,040 48 16,272 Kb 576 12 (3)

Notes to Table 1-1:

(1) This is the number of ASIC equivalent gates available in the HardCopy 11l base array, shared between both adaptive logic module (ALM) logic
and DSP functions from a Stratix 11l FPGA prototype. The number of ASIC equivalent gates usable is bounded by the ALMs and DSP functions
in the companion Stratix I/l FPGA device.

(2) MLAB RAMSs are implemented with HCells in the HardCopy 111 ASICs.
(3) This device has 12 PLLs in the F1517 package and 8 PLLs in the F1152 package.

HardCopy Ill ASIC and Stratix lll FPGA Mapping Paths

HardCopy III devices offer pin-to-pin compatibility with the Stratix III prototype,
making them drop-in replacements for the FPGAs. Therefore, the same system board
and software developed for prototyping and field trials can be retained, enabling the
lowest risk and fastest time-to-market for high-volume production.

HardCopy III devices also offer non-socket replacement mapping paths to smaller
standard or customized packages. For example, you can map the EP3SL110 device in
the 780-pin FBGA package to the HC325 device in the 484-pin FBGA standard
package, or to the 400-pin FBGA customized package. Because the pin-out for the two
packages are not the same, you need a separate board design for the Stratix III device
and the HardCopy III device.

The non-socket replacement offerings extend cost reduction further and allow for a
smaller foot print occupied by the HardCopy III device. The non-socket replacement
to a standard package is supported in the Quartus II software. The customized
package option is not visible in the Quartus II software. For more information, refer to
“HardCopy III Package Pro” on page 1-7.

For the non-socket replacement to a standard package, select I/Os in the Stratix III
device that can be mapped to the HardCopy III device. Not all I/Os in the Stratix III
device are available in the HardCopy III non-socket replacement device. Check the
pin-out information for both the Stratix III device and HardCopy III device to ensure
that the I/Os can be mapped, and select the companion device in the Quartus II
project setting during design development. By selecting the companion device, the
Quartus II software ensures that common resources and compatible I/Os are used
during the mapping from the Stratix FPGA to the HardCopy ASIC.

There are a number of FPGA prototype choices for each HardCopy III device, as listed
in Table 1-2. To obtain the best value and the lowest system cost, architect your
system to maximize silicon resource utilization.
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g Table 1-2. Stratix Ill FPGA Prototype to HardCopy Il ASIC Mapping Paths (Note 1)

é Stratix Il FPGA Prototype and Package

; Mt | e [Epastito]  EpasLiso EP3SE110 EP35L200 EP3SE260 EP35L340

s F780 | F780 | F1152 | F780 | F1152 | H780 | F1152 | F1517 | H780 | F1152 | F1517 | H1152 | F1517

‘% o Fmgzzﬂg'ga Ve lvel —lvel —|ve| - | —|vel —| —|vae|l -
neLineBGA | ¥ Vo = Y Ye = Y | YA

HC335 Fiii@éepgéﬁ\ _ B A N B _ i I T I _ _

FineLinepElirEEA - - - T T - - v - - - v

Notes to Table 1-2:
(1) HardCopy Ill device migration paths are not supported for the EP3SL50, EP3SL70, EP3SE50, and EP3SE80 Stratix 111 devices.
(2) This mapping is a non-socket replacement path that requires a different board design for the Stratix Il device and the HardCopy IIl device.
(3) The Hybrid FBGA package requires additional unused board space along the edges beyond the footprint, but its footprint is compatible with the regular FBGA package.

uonelfayu| pue SagepsIU| 99IA8( ;| BWN|O/ Y00gpuRH 821Aa( || AdogpieH
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Three different FineLine BGA package substrate options are available for the HardCopy III devices:

m Performance-optimized flip chip package (F)

m Cost-optimized flip chip package (L, LA)

m Low-cost wire bond package (W)

All three package types support direct replacement of the Stratix IIl FPGA prototype. The performance-optimized flip chip
package supports equivalent performance and the same number of I/Os as the corresponding FPGA prototype. The
cost-optimized flip chip package uses a substrate with fewer layers and no on-package decoupling (OPD) capacitors to offer a
low-cost package option. The performance is reduced from that of the FPGA prototype. However, the number of available
I/Os remains the same. The wire bond package offers another low-cost package option, but with the trade-off of reduced

performance and fewer available I/Os.

L=~ 1If you are going to use the low-cost wire bond package, make sure your design uses 1/Os that are available in that package.

For HardCopy III non-socket replacement devices, only the performance-optimized flip chip package and the low-cost wire

bond package are supported.
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g HardCopy III devices are available in the packages shown in Table 1-3.

S

= Table 1-3. HardCopy Ill and Stratix Il Package, 1/0 Pin Count, and LVDS Pair Count Mapping Notes (1), (2), (3), (4)

(w)

2 HardCopy Ill WF484 WF780 LF1152 LF1517

% ASIC FF484 FF780 FF1152 FF1517

g HC325 296, 48 392, 48 488, 56 — —

g HC335 — — — 774, 88 880, 88

5

i Companion

g Mapping

g Stratix 1l FPGA

2 Prototype F780 H780 H1152 F780 H780 H1152 F780 H780 H1152 F1152 H1152 F1517

% EP3SL110 488, 56 — — 488, 56 — — 488, 56 — — — - —

& EP3SL150 488, 56 — — 488, 56 — — 488, 56 — — 744, 88 — —

5 EP3SE110 488, 56 — — 488, 56 — — 488, 56 — — 744, 88 — —
EP3SL200 — 488, 56 — — 488, 56 — — 488, 56 — 744, 88 — 976, 88
EP3SE260 — 488, 56 — — 488, 56 — — 488, 56 — 744,88 — 976, 112
EP3SL340 — 744, 88 — 744, 88 — — 744, 88 — 744, 88 976, 112

Notes to Table 1-3:

(1) The numbers in the table indicate I/0 pin count and full duplex LVDS pairs.

(2) The first letter in the HardCopy 1l package name refers to the following: F-Performance-optimized flip-chip package, L-Cost optimized
flip-chip package, W-Low-cost wire bond package.

(3) Forthe F484, F780, and F1152 packaged devices, the 1/0 pin counts include the eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n) that
can be used for data inputs.

[

§ (4) Forthe F1517 packaged devices, the I/0 pin counts include the eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n) and the eight dedicated
= corner PLL clock inputs (PLL_L1 CLKp, PLL L1 CLKn, PLL L4 CLKp, PLL L4 CLKn, PLL R4 CLKp, PLL R4 CLKn, PLL_R1 CLKp, and PLL R1 CLKn) that can be used for data
NS inputs.

=

=

=

=

()

o

3

o

=

S

=S
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Chapter 1: HardCopy Ill Device Family Overview 1-7
Features

HardCopy Ill Package Pro

The Hardcopy III Package Pro is a customized package program, which gives you the
option to select a package tailored to the number of I/O's used in your design. This
customized package will support less I/O's than what is available as a standard
package offering. HardCopy III Package Pro will have a smaller foot print than a
Stratix III FPGA prototype or a HardCopy III non-socket replacement standard
package. The optimized package may further extend the cost savings over traditional
HardCopy III device offerings.

Table 14 lists the available FineLine Ball-Grid Array (FBGA) packages and the
maximum supported I/O for HardCopy III devices.

Table 1-4. HardCopy Ill FBGA Maximum I/0 Pin Count

“a“"“;‘l‘gv W ' Fraoo | FFa8a |WF572 (1)| FF572 | WF672 (1)| FF672 | FF780 | FF1020
Package
Dimension(mm) | 21x21 | 23x23 | 25x25 | 25x25 | 27x27 | 27x27 | 29x29 | 33x33
2)
HC325 216 — 336 336 384 384 — —
HC335 — 264 — 304 — 352 456 640

Notes to Table 1-4:
(1) Low-Cost Wirebond Package (W)

(2) Dimensions are approximate. See the Altera Device Package Information Datasheet for specifications that resemble the package offering in this
table.

HardCopy III Package Pro is also offered in Ultra FineLine Ball-Grid Array (UBGA)
packages. These packages have a 0.8 mm ball pitch, which increases the I/O count
when compared to an FPGA package of the same dimension. Table 1-5 lists the
available UBGA packages and the maximum supported 1/O for

HardCopy III devices.

Table 1-5. HardCopy Ill UBGA Maximum I/0 Pin Count

January 2011
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FU572

FU672

WUu780 (1)

FU780

Package Dimension (mm)

(2)

21 x 21

23 x 23

25 x 25

25 x 25

HC325

336

384

384

480

HC335

352

456

Notes to Table 1-5:
(1) Low-Cost Wirebond Package (W)

(2) Dimensions are approximate. See the Altera Device Package Information Datasheet for specifications that
resemble the package offering in this table.

HardCopy III Package Pro is not visible in the Quartus II software, so you will not be
able to select a Package Pro device as a companion device to your Stratix III device.
However, you still need the Quartus II software to compile your design into an
appropriate HardCopy III device prior to migrating to a Package Pro option.

Altera Corporation
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L=~ HardCopy III Package Pro details and specifications are not provided in the
HardCopy III handbook, and electrical and thermal performance must be considered
when designing with Package Pro. Contact your Altera representative to engage the
HardCopy III Package Pro program.

Differences Between HardGopy Ill and Stratix Ill Devices

HardCopy III devices have several architectural differences from Stratix III devices.
When implementing your design and laying out your board, consider these
differences. Use the following information to ensure that your design maps from the
Stratix IIT FPGA to the HardCopy III ASIC:

®  Maximum core voltage of 0.9-V in HardCopy III devices compared with selectable
core voltages of 0.9-V or 1.1-V in Stratix III devices

B Maximum Vo power supply of 3.0-V

m HardCopy III power supply ramp time for fast POR mode is 4 ms, and 12 ms for
Stratix III devices

®m  You may need to use external clamping diodes on the board to keep the pins
operating within specification.

m 3.3-VLVTTL/LVCMOS I/0O standard is not supported in HardCopy III
devices.

m Configuration is not required for HardCopy III devices, so the following Stratix III
features are not supported:

m Programming modes and features such as remote update and Programmer
Object File (.pof) encryption

m Cyclical redundancy check (CRC) for configuration error detection

m 256-bit (AES) volatile and non-volatile security keys to protect designs

m JTAG instructions used for configuration
m FPGA configuration emulation mode is not supported in HardCopy III devices.
m Boundary scan (BSCAN) chain length is different and varies with device density.

m HardCopy III devices contain up to a maximum of 20 I/O banks compared with 24
I/0 banks in the Stratix III devices.

B Memory Initialization Files (.mif) for embedded memories used as RAM are not
supported. The .mifs for memories used as ROM are supported because the data
are mask-programmed into the memory cells.

m Stratix Il logic array block (LAB), MLAB, and DSP functions are implemented
with HCells in HardCopy III devices instead of dedicated blocks.

m Stratix III programmable power technology is not supported in HardCopy 111
devices. However, the HardCopy III architecture offers performance on par with
Stratix III devices with significantly lower power.

HardCopy 11l Device Handbook Volume 1: Device Interfaces and Integration January 2011  Altera Corporation
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Architectural Features

This section describes the architectural features of HardCopy III ASICs.

Logic Array Block and Adaptive Logic Module Function Support

HardCopy III devices fully support the Stratix III LAB and ALM functions. The basic
building blocks of Stratix III LABs are composed of ALMs that you can configure to
implement logic, arithmetic, and register functions. Each LAB consists of 10 ALMs,
carry chains, shared arithmetic chains, LAB control signals, local interconnect, and
register chain connection lines.

In HardCopy III devices, the basic building blocks of the core array are HCells, which
are a collection of logic transistors connected together to provide the same
functionality as the Stratix III LABs and ALMs. The Quartus II software maps these
LAB and ALM functions to HCell macros, which define how the HCells are connected
together in the HardCopy III core array. Only HCells required to implement the
customer design are used, and unused HCells are powered down. This allows
efficient use of the core fabric and offers significant static power savings.

The Stratix III LAB derivative, called MLAB, is also supported in HardCopy 111
devices. The MLAB adds static random access memory (SRAM) capability to the LAB
and can provide a maximum of 640 bits of simple dual-port SRAM. Like the LAB
functions, the Quartus II software maps MLAB functions to HCell macros in
HardCopy III devices to provide the same Stratix III functionality.
“ e For more information about LABs and ALMs, refer to the Logic Array Block and
Adaptive Logic Module Implementation in HardCopy I1I Devices chapter.
“% e For more information about MLAB modes, features, and design considerations, refer
to the TriMatrix Embedded Memory Blocks in HardCopy III Devices chapter.

DSP Function Support

HardCopy III devices fully support the DSP block functions of Stratix III devices.
Complex systems such as WiMAX, 3GPP WCDMA, CDMA2000, voice over Internet
protocol (VoIP), H.264 video compression, and high-definition television (HDTV)
require high-performance DSP circuits to handle large amounts of data with high
throughput. These system designs typically use DSP to implement finite impulse
response (FIR) filters, complex FIR filters, infinite impulse response (IIR) filters, fast
Fourier transform (FFT) functions, and discrete cosine transform (DCT) functions.

In HardCopy III devices, these DSP block functions are implemented with HCells.
The Quartus II software maps the Stratix III DSP functions to HCell macros in
HardCopy III devices, preserving the same functionality. Implementing DSP
functions using HCells also allows efficient use of the HardCopy IlI device core fabric
and offers significant static power savings.

HardCopy III devices support all Stratix III DSP configurations (9 x 9,12 x 12,18 x 18,
and 36 x 36 multipliers) and block features, such as dynamic sign controls, dynamic
addition and subtraction, dynamic rounding and saturation, and dynamic input shift
registers. All five operational modes of the Stratix III DSP block are supported:

B Independent multiplier (9 x 9,12 x 12, 18 x 18, and 36 x 36)

January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration
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m Two-multiplier adder
m Four-multiplier adder
m  Multiply accumulate

m  Shift mode
“ e For more information about DSP blocks, refer to the DSP Block Implementation in
HardCopy III Devices chapter.

TriMatrix Embedded Memory Blocks

TriMatrix embedded memory blocks provide three different sizes of embedded
SRAM to efficiently address the needs of HardCopy III ASIC designs. TriMatrix
memory includes the following types of blocks:

m  640-bit MLAB blocks optimized to implement filter delay lines, small FIFO buffers,
and shift registers. MLAB blocks are implemented in HCell macros.

m  9-Kbit M9K blocks that can be used for general purpose memory applications.

m 144-Kbit M144K blocks that are ideal for processor code storage, packet, and video
frame buffering.

You can configure each embedded memory block independently to be a single- or
dual-port RAM, ROM, or shift register using the Quartus II MegaWizard™ Plug-In
Manager. Multiple blocks of the same type can also be stitched together to produce
larger memories with minimal timing penalty. TriMatrix memory provides up to
16,272 Kbits of dedicated, embedded SRAM.
“% e For more information about TriMatrix memory blocks, modes, features, and design
considerations, refer to the TriMatrix Embedded Memory Blocks in HardCopy III Devices
chapter.

Clock Networks and PLLs

HardCopy III devices provide dedicated global clock networks (GCLKSs), regional
clock networks (RCLKs), and periphery clock networks (PCLKs). These clocks are
organized into a hierarchical clock structure that provides up to 192 unique clock
domains (16 GCLK + 88 RCLK + 88 PCLK) within the HardCopy III device and allows
up to 60 unique GCLK/RCLK/PCLK clock sources (16 GCLK + 22 RCLK + 22 PCLK)
per device quadrant.

HardCopy III devices deliver abundant PLL resources, with up to 12 PLLs per device
and up to 10 outputs per PLL. You can configure each 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. HardCopy III PLLs are
feature-rich, supporting advanced capabilities such as clock switchover,
reconfigurable phase shift, PLL reconfiguration, and reconfigurable bandwidth. You
can use PLLs for general-purpose clock management, supporting multiplication,
phase shifting, and programmable duty cycles. HardCopy III PLLs also support
external feedback mode, spread-spectrum input clock tracking, and post-scale counter
cascading.

HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration January 2011  Altera Corporation
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e For more information about clock networks and PLLs, refer to the Clock Networks and
PLLs in HardCopy III Devices chapter.

1/0 Banks and 1/0 Structure

HardCopy III devices contain up to 20 modular I/O banks, each containing 24, 32, 40,
or 48 I/Os (not including dedicated clock inputs). The left- and right-side I/O banks
contain circuitry to support external memory interfaces and high-speed differential
170 interfaces capable of performance at up to 1.25 Gbps. The top and bottom 1/0
banks also contain circuitry to support external memory interfaces.

HardCopy III devices support a wide range of industry I/O standards, including
single-ended, voltage referenced single-ended, and differential I/O standards. The
HardCopy III I/O supports bus hold, pull-up resistor, slew rate, output delay control,
and open-drain output. HardCopy III devices also support on-chip series (Rg) and
on-chip parallel (Ry) termination with auto calibration for single-ended I/O
standards. The left and right I/O banks support on-chip differential termination (Rp)
to meet LVDS 1/0 standards. Bidirectional I/O pins on all I/O banks also support

Dynamic OCT.
“ e For more information about I/O features, refer to the HardCopy III Device I/O Features
chapter.

External Memory Interfaces

The HardCopy III I/O structure is equivalent to the Stratix III I/O structure,
providing high-performance support for existing and emerging external memory
standards such as DDR, DDR2, DDR3, QDRII, QDRII+, and RLDRAM II.

Packed with features such as dynamic on-chip termination, trace mismatch
compensation, read and write leveling, half-rate registers, and 4- to 36-bit DQ group
widths, HardCopy III I/Os supply the built-in functionality required for rapid and
robust implementation of external memory interfaces. Double data-rate support is
found on all sides of the HardCopy III device. HardCopy III devices provide an
efficient architecture to quickly and easily fit wide external memory interfaces
precisely.

A self-calibrating soft IP core (ALTMEMPHY) optimized to take advantage of
HardCopy III device 1/Os along with the Quartus II timing analysis tool (the
TimeQuest Timing Analyzer) provides the total solution for the highest reliable
frequency of operation across process, voltage, and temperature (PVT).
“ e For more information about external memory interfaces, refer to the External Memory
Interfaces in HardCopy 111 Devices chapter.

High-Speed Differential 1/0 Interfaces with DPA

HardCopy III devices contain dedicated circuitry for supporting differential
standards at speeds up to 1.25 Gbps. High-speed differential I/O circuitry supports
the following high-speed I/O interconnect standards and applications:

m Utopia IV
m SPI-4.2

January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration
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m SFI4

m 10 Gigabit Ethernet XSLI
m RapidI/O

m NPSI

HardCopy III devices support 2x, 4%, 6x, 7x, 8x, and 10x SERDES modes for
high-speed differential I/O interfaces, and 4x, 6x, 7x, 8x, and 10x SERDES modes
when using the dedicated DPA circuitry. DPA minimizes bit errors, simplifies PCB
layout and timing management for high-speed data transfer, and eliminates
channel-to-channel and channel-to-clock skews in high-speed data transmission
systems. The Stratix III soft CDR function can also be implemented using HCells in
HardCopy III devices, enabling low-cost 1.25-Gbps clock-embedded serial links.

HardCopy III devices have the following dedicated circuitry for high-speed
differential I/O support:

m Differential I/O buffer

B Transmitter serializer

B Receiver deserializer

m Data realignment

® Dynamic phase aligner (DPA)
m  Soft CDR functionality

m Synchronizer (FIFO buffer)

m PLLs

“ e For more information about dedicated circuitry for high-speed differential support,
refer to the High Speed Differential I/O Interfaces with DPA in HardCopy III Devices
chapter.

Hot Socketing and Power-On Reset

HardCopy III devices offer hot socketing, which is also known as hot plug-in or hot
swap, and power sequencing support without the use of any external devices.
On-chip hot socketing and power-sequencing support ensures proper device
operation independent of the power-up sequence. You can insert or remove a
HardCopy IlI board during system operation without causing undesirable effects to
the running system bus or the board itself.

The hot socketing feature also makes it easier to use HardCopy III devices on PCBs
that contain a mixture of 3.0-V, 2.5-V, 1.8-V, 1.5-V, and 1.2-V devices. With the
HardCopy III hot socketing feature, you do not need to ensure a proper power-up
sequence for each device on the board.

['=~ HardCopy III devices have a maximum V¢cjo voltage of 3.0 V, but can tolerate a 3.3-V
input level.

<o For more information about hot socketing, refer to the Hot Socketing and Power-On
Reset in HardCopy 111 Devices chapter.
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IEEE 1149.1 (JTAG) Boundary Scan Testing

HardCopy III devices support the JTAG IEEE Std. 1149.1 specification. The
Boundary-Scan Test (BST) architecture offers the capability to both test pin
connections without using physical test probes and capture functional data while a
device is operating normally. Boundary-scan cells in the HardCopy III device can
force signals onto pins or capture data from the pin or core signals. Forced test data is
serially shifted into the boundary-scan cells. Captured data is serially shifted out and
externally compared to expected results.

For more information about JTAG, refer to the IEEE 1149.1 (JTAG) Boundary Scan
Testing in HardCopy III Devices chapter.

Signal Integrity

HardCopy III devices simplify the challenge of maintaining signal integrity through a
number of chip-, package-, and board-level enhancements to enable efficient
high-speed data transfer into and out of the device. These enhancements include:

m 8:1:1 user I/O/GND/V( ratio to reduce loop inductance in the package

m Dedicated power supply for each I/O bank, with an I/O limit of 24 to 48 I/Os per
bank to help limit simultaneous switching noise (SSN)

m Slew-rate support with up to four settings to match the desired I/O standard,
control noise, and overshoot

m  Output-current drive strength support with up to four settings to match desired
I/0 standard performance

m  Output-delay support to control rise and fall times and adjust duty cycle,
compensate for skew, and reduce simultaneous switching output (SSO) noise

m Dynamic OCT with auto-calibration support for series and parallel OCT and
differential OCT support for LVDS I/O standard on the left and right banks

The supported settings for slew-rate control, output-current drive strength, and
output-delay control are mask-programmed into the HardCopy III devices and
cannot be changed after the silicon is fabricated.

For more information about signal integrity support in the Quartus II software, refer
to the Quartus I Handbook.

Software Support and Part Number Information

January 2011
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Software Support

HardCopy III devices are supported by the Altera Quartus II design software, which
provides a comprehensive environment for system-on-chip (SOC) design. The
Quartus II software includes HDL and schematic design entry, compilation and logic
synthesis, full simulation and advanced timing analysis, SignalTap™ II logic analyzer,
and device configuration.

“ e For more information about the Quartus II software features, refer to the Quartus II

Handbook.

The Quartus II software supports the Windows and Linux Red Hat operating
systems. You can obtain the specific operating system for the Quartus II software from
the Quartus II Readme.txt file or

http:/ /www.altera.com/download /os-support/oss-index.html. The Quartus II
software also supports seamless integration with industry-leading EDA tools through
the NativeLink interface.

Part Number Information

Figure 1-1 shows the generic part number for HardCopy III devices.

Figure 1-1. HardCopy lll Device Package Ordering Information

,7 HC3 35 F F 1517 N —l

Family Signature Optional Suffix

HC3: HardCopy Il Family Indicates specific device options
N: RoHS compliant

Device Type
25
35
Pin Count
Package Substrate in &oun
Type Number of pins for a particular package:
F: Performance-optimized flip chip package ‘;gg
L: Cost-optimized flip chip package e TS }; ?5

W: Low-cost wire bond package
F: FineLine BGA (FBGA)

“ e For more information about a specific package, refer to the HardCopy III Device Package

Information chapter.
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Document Revision History

Table 1-6 lists the revision history for this chapter.

Tahle 1-6. Document Revision History

Date Version Changes
m Updated Table 1-1, Table 1-2, and Table 1-3.
m Updated Figure 1-1.
m Used new document template.
January 2011 3.2 ) )
m Updated “HardCopy Il ASIC and Stratix Ill FPGA Mapping Paths” on page 1-4.
m Added “HardCopy Il Package Pro” on page 1-7.
m Made minor text edits.
July 2009 3.1 Updated “Features” on page 1-2.
m Updated Table 1-3, Table 1-6, and Table 1-9 to include non-socket replacement
June 2009 3.0 devices.
m Updated Figure 1-2.
December 2008 2.0 Edits to Table 1-1.
May 2008 1.0 Initial release.
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QA | |:| ==V 2. Logic Array Block and Adaptive Logic
= ® Module Implementation in HardCopy Il

Devices

This chapter describes how the Stratix® IIl’s logic array blocks (LABs) and memory
logic array blocks (MLABs) are implemented in a HardCopy® III device.

In Stratix III devices, the core fabric consists of an array of LABs and MLABs. LABs
and MLABs are composed of adaptive logic modules (ALMs) that are configurable
and can implement various logic, arithmetic, and register functions of a customer
design. In addition, MLABs can implement memory functions.

By comparison, the core fabric in HardCopy III devices are built using an array of
flexible, fine-grain architecture blocks called HCells that can efficiently implement all
the functionality of the ALMs, LABs, and MLABs. HardCopy III devices offer
improved performance and significant static power savings compared to Stratix III
FPGA prototype devices because only the HCells required to implement the customer
design are used, while the unused HCells are powered down.
“ e For more information about ALMs, LABs, and MLABEs, refer to the Logic Array Blocks
and Adaptive Logic Modules in Stratix I1I Devices chapter in volume 1 of the Stratix III
Device Handbook.

This chapter contains the following sections:

m “HCells”

m “ALM and LAB Function Implementation” on page 2-2
m “MLAB Function Implementation” on page 24

HCells

HCells are a collection of logic transistors based on 0.9-V, 40-nm process technology.
The construction of logic using HCells allows flexible functionality such that when
HCells are combined, all viable logic combinations of Stratix III functionality are
replicated. These HCells constitute the array of the HCell area, as shown in

Figure 2-1. Only the HCells needed to implement the design are assembled together,
which optimizes HCell use. The unused area of the HCell logic fabric is powered
down, resulting in significant static power savings compared with the Stratix III
FPGA prototype.

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Figure 2-1. Example Block Diagram of HardCopy Ill Device (Note 1)

I0Es PLL
I0Es (2)
oo
PLL
Array of HCells M144K Blocks MOK Blocks

Notes to Figure 2-1:
(1) Figure 2-1 shows a graphical representation of the device floorplan. A detailed floorplan is available in the Quartus® Il software.
(2) IOEs represents 1/0 elements.

ALM and LAB Function Implementation

The Quartus II software uses a library of pre-characterized HCell macros (HCMSs) to
place Stratix III ALM configurations into the HardCopy III HCell-based logic fabric.
An HCell macro defines how a group of HCells connect within the array. HCell
macros can construct all combinations of combinational logic, adder, and register
functions that can be implemented by a Stratix III ALM. You can use HCells that are
not used for ALM configurations to implement MLAB and DSP block functions.

“ e For more details about implementing DSP block functions using HCells, refer to the

DSP Block Implementation in HardCopy 11l Devices chapter.
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Based on design requirements, the Quartus II software chooses the appropriate HCell
macros to implement design functionality. For example, Stratix IIl ALMs offer flexible

look-up table (LUT) blocks, registers, arithmetic blocks, and LAB-wide control

signals. In HardCopy III devices, if your design requires these architectural elements,

the Quartus II synthesis tool maps the design to the appropriate HCell macros,
resulting in improved design performance compared to the Stratix IIl FPGA

prototype, as shown in Figure 2-2.

Figure 2-2. Example of ALM Functions Mapped to HCell Macros
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MLAB Function Implementation

In Stratix III devices, the MLAB is a LAB derivative that you can configure to support
up to a maximum of 640 bits of simple dual-port static random access memory
(SRAM). Similar to the LAB, each MLAB consists of ten ALMs and can implement all
the functionality of the LAB in addition to the memory function. In HardCopy III
devices, the MLAB functions are mapped to HCell macros that provide the same
memory functionality.

For more information about memory implementation using MLABEs, refer to the
TriMatrix Embedded Memory Blocks in Stratix I1I Devices chapter in volume 1 of the
Stratix III Device Handbook.

For more information about HardCopy III memory support, refer to the TriMatrix
Embedded Memory Blocks in HardCopy III Devices chapter.

In HardCopy III devices, the basic building block of the core array is the HCell. HCells
are connected together to form HCell macros that can implement all the functionality
of the ALMs, LABs, and MLAB:s in the Stratix III devices. Only HCells required to
implement the design are used, while unused HCells are powered down. This allows
the core fabric to be efficiently used and offers significant static power savings
compared to the Stratix III FPGA prototype devices.

Document Revision History

Table 2-1 shows the revision history for this chapter.

Tahle 2-1. Document Revision History

Date Version Changes Made
m Maintenance release—used new document template.
January 2011 2.1 ) .
m Minor text edits.
December 2008 2.0 Added Introductory paragraph.
May 2008 1.0 Initial release.
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fAEl = oYa 3. DSP Block Implementation in
= ® HardCopy Il Devices

HardCopy® III devices use HCells to implement the digital signal processing (DSP)
block functions of Stratix® III devices, and support all Stratix III DSP operational
modes. Implementing DSP functions using HCells allows the HardCopy III device
core fabric to be used efficiently and offers significant static power savings compared
with Stratix III prototype devices.

Stratix III devices have dedicated high-performance DSP blocks that are distributed
throughout the core fabric. These hard-wired DSP blocks are ideal for applications
such as high performance computing (HPC), video compression/decompression, and
voice over internet protocol (VoIP). Such applications typically require a large number
of mathematical computations. Stratix III DSP blocks consist of a combination of
dedicated elements that perform multiplication, addition, subtraction, accumulation,
summation, and dynamic shift operations.

In HardCopy III devices, these DSP functions are constructed using HCells instead of
dedicated DSP blocks. HCells allow HardCopy III devices to have the same
functionality as Stratix III DSP blocks. In addition, DSP blocks implemented with
HCells provide significant static power savings because only the HCells needed to
implement the functions are used.

This chapter contains the following sections:
m “DSP Function Implementation”

m “DSP Operational Mode and Feature Support” on page 3-3

DSP Function Implementation

A Stratix IIT DSP block consists of an input register bank, multiplier adders, pipeline
register bank, second-stage adders/accumulator, round and saturation units, and
second adder register and output register bank. In HardCopy III devices, HCells
make up the device logic fabric. HCells are a collection of logic transistors that are
connected together to provide the same DSP functions as the Stratix III DSP blocks.
HCells are also used to implement the Stratix III adaptive logic module (ALM) and
logic array block (LAB) functions in the HardCopy III devices.
“ e For more information about ALM, LAB, and memory logic array block (MLAB)
implementation in HardCopy III devices, refer to the Logic Array Block and Adaptive
Logic Module Implementation in HardCopy 111 Devices chapter.

The Quartus® II software uses a library of pre-characterized HCell macros (HCMs) to
place Stratix III DSP configurations into the HardCopy III HCell-based logic fabric.
An HCM defines how a group of HCells are connected together. Based on design
requirements, the Quartus II software chooses the appropriate DSP HCell macros to
implement the DSP functionality. In HardCopy III devices, HCell macros implement
Stratix III DSP block functionality with area efficiency and performance on par with
the dedicated DSP blocks in Stratix III devices.
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DSP Function Implementation

Only HCells that are required to implement the design’s DSP functions are enabled.
HCells not needed for DSP functions can be used for ALM configurations, which
results in efficient logic usage. In addition to area management, the placement of these
HCell macros allows for optimized routing and performance.

An example of efficient logic area usage is evident when comparing the 18 x 18
independent multiplier implementation in Stratix III devices using the dedicated DSP
block versus the implementation in HardCopy III devices using HCells. If the

Stratix III DSP function only calls for one 18 x 18 multiplier, the other three 18 x 18
multipliers and the DSP block's adder output block are not used, as shown in

Figure 3-1. In HardCopy III devices, the HCell-based logic fabric that is not used for
DSP functions can be used to implement other combinational logic, adder, register,

and MLAB functions.

Figure 3—1. Stratix Ill DSP Block versus HardCopy Il HCell 18 x 18-Bit Independent Multiplier Implementation
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DSP Operational Mode and Feature Support

HardCopy III devices support all Stratix III DSP configurations (9 x 9,12 x 12,18 x 18,
and 36 x 36 multipliers) and all Stratix III DSP block features, such as dynamic sign
controls, dynamic addition/subtraction, dynamic rounding and saturation, and
dynamic input shift registers.

HardCopy III devices use DSP HCell macros to implement all five operational modes
of the Stratix III DSP block:

m Independent Multiplier (9 x 9, 12 x 12, 18 x 18, 36 x 36)
m Two-Multiplier Adder

m Four-Multiplier Adder

®  Multiply Accumulate

m  Shift

For more information about Stratix III DSP blocks, refer to the DSP Blocks in Stratix II1
Devices chapter in volume 1 of the Stratix III Device Handbook.

Depending on the Stratix III DSP configurations, the Quartus II software partitions
the DSP function into a combination of DSP HCell macros for the HardCopy III
devices. This optimizes the DSP function and allows the core fabric to be used more
efficiently.

Document Revision History

Table 3-1 shows the revision history for this document.

Tahle 3-1. Document Revision History

Date Version Changes

m Maintenance release—used new document template.

January 2011 2.1 ) )
m Minor text edits.
m Updated “DSP Function Implementation” section.

December 2008 2.0 ) o
m Made minor editorial changes.

May 2008 1.0 Initial release.
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M =R 4. TriMatrix Embedded Memory Blocks in
= ® HardCopy Il Devices

This chapter describes TriMatrix memory blocks, modes, features, and design
considerations in HardCopy® III devices.

HardCopy III devices offer TriMatrix embedded memory blocks to efficiently address
the needs of ASIC designs. TriMatrix memory comes in three different sizes and
includes 640-bit memory logic array blocks (MLABs), 9-Kbit M9K blocks, and
144-Kbit M144K blocks. The MLABs have been optimized to implement filter delay
lines, small FIFO buffers, and shift registers. You can use the M9K blocks for general
purpose memory applications; you can use the M144K blocks for processor code
storage, packet buffering, and video frame buffering.

TriMatrix memory in HardCopy III devices support the same memory functions and
features as Stratix® III devices. You can independently configure each embedded
memory block to be a single- or dual-port RAM, FIFO, ROM, or shift register using
the MegaWizard™ Plug-in Manager in the Quartus® II software. You can stitch
together multiple blocks of the same type to produce larger memories with minimal
timing penalty. TriMatrix memory provides up to 16,272 Kbits of dedicated embedded
static random access memory (SRAM).

This chapter contains the following sections:
m “Memory Resources and Features”

m “Design Considerations” on page 4—4

Memory Resources and Features

HardCopy Il embedded memory consists of MLAB, M9K, and M144K memory
blocks and has a one-to-one mapping from Stratix IIl memory. However, the number
of available memory blocks differs based on density, package, and the Stratix III
device-to-HardCopy III ASIC mapping paths, as shown in Table 4-1.

Table 4-1. Embedded Memory Resources for HardCopy Il Devices (Part 1 of 2) (Note 1), (2)

Stratix Ill FPGA Total Dedicated RAM Bits (not
HardCopy lll ASIC Prototype M9K Blocks (3) | M144K Blocks (3) including MLABS)
EP3SL110 275 12 4,203 Kb
EP3SL150 355 16 5,499 Kb
EP3SE110 639 16 8,055 Kb
HC325
EP3SL200 468 32 8,820 Kb
EP3SE260 864 32 12,384 Kb
EP3SL340 864 32 12,384 Kb
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Table 4-1. Embedded Memory Resources for HardCopy Il Devices (Part 2 of 2) (Note 1), (2)

HardCopy I Asic |  Stalx lllltlv:ZGA MK Blocks (3) | M144K Blocks (3) | 1otal "Izg:ﬁ:fz: m'X'BBsi)ts (not
EP3SL150 355 16 5,499 Kb
EP3SET10 639 16 8,055 Kb
HC335 EP3SL200 468 36 9,396 Kb
EP3SE260 864 48 14,688 Kb
EP3SL340 1,040 48 16,272 Kb

Notes to Table 4-1:

(1) Inaddition to device resource usage, Stratix 11l packages also determine the optimal HardCopy 1l device mapping path. For example, the
EP3SL150 device comes in F780 and F1152 packages. The mapping paths for the F780 and F1152 packages are the HC325 and HC335 devices,
respectively.

(2) HardCopy Il devices do not have dedicated MLAB blocks but can support the same Stratix |1l MLAB functionality. The number of MLABs that
are supported in HardCopy Il devices varies depending on resource usage and the Stratix Ill device to HardCopy Il device mapping path.

(3) The M9K and M144K blocks may lock up if there is a glitch in the clock source when rden equals 1. For more information and the workaround
solution, refer to M9K and M144K RAM Block Lockup Issue in the Stratix Il Device Family Errata Sheet.

With regards to functionality, memory in HardCopy III devices and Stratix III devices
is identical. The memory blocks can implement various types of memory with or
without parity, including true dual-port, simple dual-port, and single-port RAM,
ROM, and FIFO. Table 4-2 lists the size and features of the different memory blocks.
In addition, unused memory blocks in HardCopy III devices are powered down,
allowing the HardCopy III devices to have significant power savings.

Table 4-2. Embedded Memory Features for HardCopy Il Devices (Part 1 of 2) (7)

Feature MLABs MIK Blocks M144K Blocks
Maximum performance TBD TBD TBD
Total RAM bits (including parity bits) 640 9,216 147,456
8K x 1
16K x 8
16x 8 4K x 2
16K x 9
16x9 2K x 4
8K x 16
16 x 10 1K x 8
) . . 8K x 18
Configurations (depth x width) 16 x 16 1Kx 9
4K x 32
16 x 18 512 x 16
4K x 36
16 x 20 512 x 18
2K x 64
(1) 256 x 32
2K x 72
256 x 36
Parity bits v v v
Byte enable v v v
Packed mode — v v
Address clock enable v v v
Single-port memory v/ v/ v
Simple dual-port memory v v v
True dual-port memory — v v
Embedded shift register v v v
ROM (2) v v v
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Table 4-2. Embedded Memory Features for HardCopy Ill Devices (Part 2 of 2) (1)

Feature MLABs MIK Blocks M144K Blocks
FIFO buffer v v v
Simple dual-port mixed width support — v v
True dual-port mixed width support — v v
L . Not supported, except in Not supported, except in | Not supported, except in
Memory initialization file (.mif) ROM mode ROM mode ROM mode
Mixed-clock mode v v v
§ . Outputs cleared if Outputs cleared if Outputs cleared if
Power-up condition registered. (3) registered. (4) registered. (4)
Register clears Outputs cleared Outputs cleared Outputs cleared
, . Lo Write: Falling clock edges | Write and Read: Rising | Write and Read: Rising
Write and Read operation triggering Read: Rising clock edges | clock edges clock edges
. . Outputs set to old data or | Outputs setto old or new | Qutputs set to old or new
Same-port read-during-write \
don't care data data
Mixed-port read-during-write Outputs set to don't care Outputs set to old data Outputs set to old data

Built-in support in

Soft IP support using the | Soft IP support using the | x64-wide SDP mode or
Quartus Il software Quartus Il software soft IP support using the
Quartus Il software

ECC Support

Notes to Table 4-2:

(1) Violating the setup and hold time on the memory block address registers could corrupt the memory contents. This applies to both read and
write operations.

(2) In ROM mode, MLABs support the (depth x width) configurations of 64 x 8, 64 x 9, 64 x 10, 32 x 16, 32 x 18, or 32 x 20.

(3) The contents for MLAB in RAM mode are initialized to zero on power-up.

(4) The contents for the M9K and M144K blocks power up randomly, so reads after power up are not valid.

“ e For more information about embedded memory support in Stratix IIT devices, refer to
the TriMatrix Embedded Memory Blocks in Stratix 11l Devices chapter in volume 1 of the
Stratix 111 Device Handbook.

When using the memory block in ROM, single-port, simple dual-port, or true dual
port mode, you can corrupt the memory contents if you violate the setup or hold time
on any of the memory block input registers. This applies to both read and write
operations.

CAUTION

MLAB Implementation

While the M9K and M144K memory blocks are dedicated resources that function the
same in Stratix Il and HardCopy III devices, the MLABs are implemented differently
in the two device families. In Stratix III devices, the MLABs are dedicated blocks that
you can configure for regular logic functions or memory functions. In HardCopy III
devices, the MLAB memory blocks are implemented using HCells. HCells are a
collection of logic transistors connected together to form HCell macros (HCMs). The
Quartus II software maps the Stratix III MLAB function to the appropriate memory
HCell macro that preserves the memory function. This allows the HardCopy III core
fabric to be used more efficiently, freeing up unused HCells for adaptive logic module
(ALM) or digital signal processing (DSP) functions.
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e For more information about HCells in HardCopy III devices, refer to the Logic Array

Block and Adaptive Logic Module Implementation in HardCopy 111 Devices chapter.

Design Considerations

Unlike Stratix III devices, HardCopy III devices do not have device configuration, so
memories that are configured as RAM power up with random content. Therefore, the
memory block contents cannot be pre-loaded or initialized with a memory
initialization file (.mif) in HardCopy III devices. You must ensure that your Stratix II
design does not require .mifs if you use the memory blocks as RAM. However, if you
use the memory blocks as ROM, they are mask programmed to the design’s ROM
contents.

You can use the ALTMEM_INIT megafunction to initialize the RAM after power up
for HardCopy III devices. This megafunction reads from an internal ROM (inside the
megafunction) or an external ROM (on chip or off chip) and writes to the RAM after
power up.

When using non-registered output mode for the HardCopy III MLAB memory blocks,
the outputs power up with memory content. When using registered output mode for
these memory blocks, the outputs are cleared on power up. You must take this into
consideration when designing logic that might evaluate the initial power up values of
the MLAB memory block.

Document Revision History

Table 4-3 lists the revision history for this chapter.

Table 4-3. Document Revision History

Date Version Changes
m Update Table 4-1 and Table 4-2.
January 2011 3.1 m Updated the “Memory Resources and Features” section.
m Minor text edits.
m Updated Table 4-1.
June 2009 3.0 m Minor text edits.
m Removed the Conclusion and Referenced Documents sections.
m Updated Table 4-1.
December 2008 2.0 ) o
m Made minor editorial changes.
May 2008 1.0 Initial release.
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A |:| = 0)/) 5. Clock Networks and PLLs in
Z:l = ® HardCopy Ill Devices

This chapter provides a general description of clock networks and phase-locked loops
(PLLs) in HardCopy® III devices.

HardCopy III devices support a hierarchical clock structure and multiple PLLs with
advanced features equivalent to Stratix® III devices. The large number of clocking
resources in combination with clock synthesis precision offered by the PLLs provides
a complete clock management solution for your designs. HardCopy III devices
provide dedicated global clock networks (GCLKs), regional clock networks (RCLKs),
and periphery clock networks (PCLKs). These clocks are organized into a hierarchical
clock structure that provides up to 192 unique clock domains for the entire device,
and up to 60 unique clock sources per device quadrant. Altera’s Quartus® II software
compiler automatically turns off clock networks not used in the design, thereby
reducing overall power consumption of the device.

HardCopy III devices deliver abundant PLL resources with up to 12 PLLs per device
and up to 10 outputs per PLL. These PLLs are feature rich, supporting advanced
capabilities such as clock switchover, dynamic phase shifting, PLL reconfiguration,
and reconfigurable bandwidth. HardCopy III PLLs also support external feedback
mode, spread-spectrum tracking, and post-scale counter cascading features. The
Quartus II software enables the PLLs and their features without requiring any
external devices.

(= All Stratix III PLL features are supported by HardCopy III PLLs.
“% e For detailed information about clock networks and PLLs, refer to the Clock Networks
and PLLs in Stratix III Devices chapter in volume 1 of the Stratix III Device Handbook.

Clock Networks in HardGopy Il Devices

HardCopy III devices offer the same clock network resources and features as

Stratix III devices. Clock resources that are used in Stratix III devices are mapped to
equivalent clock resources in HardCopy III devices, preserving the clocking functions.
Unused clock resources are powered down to reduce power consumption.

Clock Network Resources

Similar to Stratix III devices, HardCopy III devices have up to 32 dedicated
single-ended clock pins or 16 dedicated differential clock pins (CLK [0:15]p and
CLK[0:15]n) that can drive either the GCLK or RCLK networks. These clock pins are
arranged in the middle of the four sides of the HardCopy III device.

You can drive the 16 GCLKSs in HardCopy III devices throughout the entire device,
serving as low-skew clock sources for the core fabric and PLLs. You can also drive the
GCLKs from the device I/O elements (IOEs) and internal logic to generate global
clocks and other high fan-out control signals.

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
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Clock Networks in HardCopy |1l Devices

The RCLKSs provide the lowest clock delay and skew for logic contained within a
single device quadrant. You can drive RCLKSs from IOEs and internal logic within a
given quadrant.

The PCLKs are a collection of individual clock networks driven from the periphery of
the HardCopy III device. Clock outputs from the dynamic phase alignment (DPA)
block, horizontal I/O pins, and internal logic can drive the PCLK networks. These
PCLKs have higher skew when compared with the GCLK and RCLK networks and
can be used instead of general purpose routing to drive signals into and out of the
HardCopy III device.

The GCLKs, RCLKs, and PCLKs available in HardCopy III devices are organized into
hierarchical clock structures that provide up to 192 unique clock domains (16 GCLK +
88 RCLK + 88 PCLK) across the entire device. HardCopy III devices also allow up to
60 unique GCLK, RCLK, and PCLK clock sources (16 GCLK + 22 RCLK + 22 PCLK)
per device quadrant.

Table 5-1 lists the clock resources available in HardCopy III devices.

Table 5-1. Clock Resources in HardCopy lll Devices

Number of

Clock Resource Resources Source of Clock Resource

Available

Clock input pins

32 Single-ended

(16 Differential) CLK[0..15]pand CLK[0..15]n pins

Global clock networks

16 CLK[0..15])p/n pins, PLL clock outputs, and logic array

Regional clock networks 88 CLK[0..15]p/n pins, PLL clock outputs, and logic array

Peripheral clock networks

88 (22 per device

quadrant) (1) DPA clock outputs, horizontal I/0 pins, and logic array

GCLKs/RCLKs per quadrant 38 16 GCLKs + 22 RCLKs

GCLKs/RCLKs per device 104 16 GCLKs + 88 RCLKs

Note to Table 5-1:

(1) There are 56 PCLKs in HC325 devices and 88 PCLKs in HC335 devices.
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Clocking Regions

HardCopy III devices can implement the four different types of Stratix III clocking
regions using GCLK and RCLK networks. These types of clocking regions include the
following:

m Entire device clock region
B Regional clock region
®m  Dual-regional clock region

m Sub-regional clock region

Clock Control Block

HardCopy III devices also support the same features as the Stratix III clock control
block, which is available for each GCKL and RCLK network. The clock control block
provides the following features:

m Clock source selection (dynamic selection for GCLKSs)

You can statically or dynamically select the GCLK source. The RCLK source can
only be statically selected. Static selection involves mask programming the clock
multiplexer select inputs. The clock selection is fixed and cannot be changed when
the HardCopy III device is in user mode. Dynamic selection for the GCLK source
uses internal logic to control the clock multiplexer select inputs when the device is
in user mode. For dynamic clock source selection, you can either select two PLL
outputs (such as CLK0 or CLX1) or a combination of clock pins or PLL outputs.

m  Clock power-down (static or dynamic clock enable or disable)

You can statically or dynamically power-down the GCLK and RCLK networks,
reducing overall power consumption of the device. Unused GCLK and RCLK
networks are powered down through static settings that are automatically
generated by the Quartus II software and mask programmed into the device. The
dynamic clock enable or disable feature allows internal logic to synchronously
control power-up or power-down on GCLK and RCLK networks, including
dual-regional clock regions.

PLLs in HardCopy Il Devices

January 2011

Downloaded from AFFOW.Com.

HardCopy III devices offer up to 12 PLLs that support the same features as the
Stratix III PLLs. These PLLs provide robust clock management and synthesis for
device clock management, external system clock management, and high-speed I/O
interfaces. The nomenclature for the PLLs follows their geographical location in the
device floorplan. The PLLs that reside on the top and bottom sides of the device are
named PLL_T1, PLL_T2, PLL_B1, and PLL_B2

The PLLs that reside on the left and right sides of the device are named PLL_L1,
PLL_L2, PLL_L3, PLL_L4, PLL_R1, PLL_R2, PLL_R3, and PLL_R4, respectively.
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Table 5-2 lists the number of PLLs available in the HardCopy III device family.

Table 5-2. HardCopy il Device PLL Availahility (Part 1 of 2)

M M| protimadovice | 11|12 |13 | 14| T | 12| B1 B2 | Rt |R2|R3| R4
EP3SL110--F780 (7) — | V| = = V| = V| =] = V| =] =
EP3SL150--F780 (7) — | V| = = V| = V| =] = V| =] =
HC325WE484 EP3SE110--F780 (7) — | V| = = V| = V| =] = V| =] =
EP3SL200--H780 (1) — | V| = = V| = V| =] = V| =] =
EP3SE260--H780 (1) — | V| = = V| = V| =] = V| =] =
EP3SL340--H1152 (1) (2)| — | vV | (V)| — | V )|V )| —| vV | V)| —
EP3SL110--F780 (7) — V| -]V V|V | ==V |=|—=
EP3SL150--F780 (7) — | V| = = V| VI V| =] -] V| =] =
HC395FF434 EP3SE110--F780 (7) — | V| = = V| VI V| =] -] V| =] =
EP3SL200--H780 (1) — | V| = = V| VI V| =] =] V| =] =
EP3SE260--H780 (1) — | V| = = V| VI V| =] =] V| =] =
EP3SL340--H1152 (1) (2)| — | vV | (V)| — |V )|V )| —| vV | V)| —
EP3SL110--F780 — | V| = = V| VI V| =] -] V| =] =
EP3SL150--F780 — | V| = = V| VI V| =] -] V| =] =
HC325WETE0 EP3SE110--F780 — | V| = = V| VI V| =] -] V| =] =
EP3SL200--H780 — | V| = = V| VI V| =] -] V| =] =
EP3SE260--H780 — | V| = = V| VI V| =] -] V| =] =
EP3SL340--H1152 (1) (2)| — | vV | (V)| — | V )|V )| —| vV | (V)| —
EP3SL110--F780 — | V| = = V| VI V| =] -] V| =] =
EP3SL150--F780 — | V| = = V| VI V| =] =] V| =] =
HC395FF780 EP3SE110--F780 — | V| = = V| VI V| =] =] V| =] =
EP3SL200--H780 — | V| = = V| VI V| =] -] V| =] =
EP3SE260--H780 — | V| = = V| VI V| =] -] V| =] =
EP3SL340--H1152 (1) (2)| — | vV | (V)| — | V )|V )| —| vV |V)| —
EP3SL150--F1152 — | V| V| - | V|V I|IVI IV II—| V|V |-
EP3SE110--F1152 — | VIV | =V IV |V IV |—=|V IV |-
HC335LF1152 EP3SL200--F1152 — | VIV | =V IV |V IV |—=|V IV |-
EP3SE260--F1152 — | VIV | =V IV |V IV |—=|V IV |-
EP3SL340--H1152 — | VIV | =V IV |IVI|IV|—=|VIVv]—

January 2011 Altera Corporation HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration

Downloaded from AFFOW.Com.


http://www.arrow.com

Chapter 5: Clock Networks and PLLs in HardCopy lll Devices 5-5
PLLs in HardCopy Il Devices

Table 5-2. HardCopy Il Device PLL Availability (Part 2 of 2)

HardCopy Ill Stratix lll
Device Prototype Device

EP3SL150--F1152 —
EP3SE110--F1152 —
EP3SL200--F1152 —
EP3SE260--F1152 —
EP3SL340--H1152
EP3SL200--F1517
EP3SE260--F1517
EP3SL340--F1517
EP3SL200--F1517
EP3SE260--F1517
EP3SL340--F1517

L1

r—
N
-
w

L4

-
—r
-]
N
-]
-t
[l
N

R1

=
N
=
w

R4

HC335FF1152

NINENENENENENENENENAN

NSRRI R R RN A A

NSRRI R RN A

HC335LF1517

HC335FF1517

NESEYERY AR ESES R RN AN
NENENENENENENENENENEN
NENENENENENENENENENEN
NENENENENENENENENENEN
NENENENENENENENENENEN

NERSESESESEN
NSRRI
NEIRIRIRIA
RSN ESENEN

NOTE: to Table 5-2

(1) These are non-socket replacement devices. A board redesign is required.

(2) The HardCopy device has fourﬂ,Ls, whereas the FPGA prototype device has eight PLLs. The additional PLLs available only in the FPGA
prototype device are marked (V' ).

The PLL functionality in HardCopy III devices remains the same as in Stratix III PLLs.
Therefore, HardCopy III PLLs also support features such as PLL reconfiguration,
where you can dynamically configure the PLL in user mode.

All HardCopy III PLLs have the same core analog structure with only minor
differences in features that are supported. Table 5-3 lists the features of the
top/bottom and left/right PLLs in HardCopy III devices.
“%e For more information about Stratix III PLL features, refer to the Clock Networks and
PLLs in Stratix 11l Devices chapter in volume 1 of the Stratix III Device Handbook.

Table 5-3. HardCopy lll PLL Features (Part 1 of 2)

Feature HardCopy Il Top/Bottom PLLs HardCopy Il Left/Right PLLs
C (output) counters 10 7
M, N, C counter sizes 1t0512 1t0512

Dedicated clock outputs

6 single-ended or 4 single-ended and 1
differential pair

2 single-ended or 1 differential pair

Clock input pins

8 single-ended or 4 differential pin pairs

8 single-ended or 4 differential pin pairs

External feedback input pin

Single-ended or differential

Single-ended only

Spread-spectrum input clock
tracking

Yes (1)

Yes (1)

PLL cascading

Through GCLK and RCLK, and dedicated
path between adjacent PLLs

Through GCLK and RCLK, and dedicated
path between adjacent PLLs (2)

Compensation modes

All except LVDS clock network
compensation

All except external feedback mode when

using differential 1/0s

January 2011 Altera Corporation
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Chapter 5: Clock Networks and PLLs in HardCopy lll Devices 5-6
Design Considerations

Table 5-3. HardCopy Il PLL Features (Part 2 of 2)

Feature HardCopy Il Top/Bottom PLLs HardCopy Il Left/Right PLLs
PLL drives LVDSCLK and LOADEN No Yes
VCO output drives DPA clock No Yes
Phase shift resolution Down to 96.125ps (3) Down to 96.125ps (3)
Programmable duty cycle Yes Yes
Output counter cascading Yes Yes
Input clock switchover Yes Yes

Notes to Table 5-3:
(1) Provided input clock jitter is within input jitter tolerance specifications.
(2) The dedicated path between adjacent PLLs is not available on L1, L4, R1, and R4 PLLs.

(3) The smallest phase shift is determined by the voltage-control oscillator (VCO) period divided by eight. For degree increments, the HardCopy ||
device can shift all output frequencies in increments of at least 45°. Smaller degree increments are possible depending on the frequency and
divide parameters.

Figure 5-1 shows the PLL locations in HardCopy III devices. Some PLLs are not
available depending on the density and package of the HardCopy III device.

Figure 5-1. HardCopy lll PLL Locations

Top PLLs Top PLLs
CLK[12..15]
L[] [t [v2] [ [ ]
PLL_L1_CLK ,|L1 : R1 [«PLL_R1_CLK
LeftPLLs 7, — i e DU
L2 Q1:Q2 R2 Right PLLs
CLK[0..3] [ fremresrrermm s — CLK[8..11]
LeftPLLs . [L8 Q4 a3 RS RightPLLs
PLL_L4 CLK [L4 : R4 |“PLL-R4_CLK
[ | [ lerfef [ ] |
/ CLK[4.A7]'\
Bottom PLLs Bottom PLLs

Design Considerations

To ensure that your Stratix III design can be successfully mapped to the HardCopy III
design, follow these general guidelines when implementing your design. These
guidelines help make your design robust, ensuring it meets timing closure and
achieves the performance you need:
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Design Considerations

m  Match the PLL resources used in HardCopy III devices and Stratix III devices in
order to successfully map your design from the FPGA design to the ASIC design,
or vice-versa. This is necessary to ensure that all the resources used and the
functions implemented in both designs match. Make sure to select the companion
device during device selection in the Quartus II software. Doing this restricts the
Quartus II software to resources that are common to both the FPGA and ASIC
devices, and ensures that the design can map successfully. Refer to Table 5-2 for
the available PLLs in the HardCopy III series devices for non-socket migration.

m For non-socket migration from an FPGA to HardCopy III (Table 5-4), you must
select a companion device so that the Quartus II design software can restrict the
usage of the available PLLs in the HardCopy III device. For example, when you
migrate from a Stratix III EP3SL340-H1152 to a HC325WF484 package, the FPGA
has eight PLLs, whereas the HardCopy III device has four PLLs.

m Enable PLL reconfiguration for your design if it uses PLLs. The PLL settings in
HardCopy III devices may require different settings from the Stratix III PLLs
because of the different clock tree lengths and PLL compensations. By enabling
PLL reconfiguration, you can adjust your PLL settings on the HardCopy III device
after the silicon has been fabricated. This allows you to fine tune and further
optimize your system performance.

m Use dedicated clock input pins to drive the PLL reference clock inputs,
particularly if your design is interfacing with an external memory. This minimizes
reference clock input jitter to the PLLs, providing more margin for your design.

When you cascade PLLs for the ALTMEMPHY, ensure that:
m The input clock to the ALTMEMPHY PLL is fed by a dedicated input
m If the ALTMEMPHY PLL is fed by another PLL, the source PLL

m input must be fed by a dedicated input pin

m must be in no compensation mode

m If the input clock to the ALTMEMPHY is fed by another PLL, the ALTMEMPHY
PLL's input clock must be from a dedicated clock output from the source PLL.

Table 5-4. Non-Socket Migration for HardCopy Il and PLL Resource Availability (Part 1 of 2)

HardCopy Il Stratix Il
Device Prototype Device L1 |Ll2 L3 |14 T | T2 | Bl | B2 | Rl |R2|R3|R4
EP3SL110--F780 (1) — V=] = V| = V]| ==V ==
EP3SL150--F780 (1) — |V =] = V| = V| == V] ==
EP3SE110--F780 (1) V|||V | =V ==V ==

HC325WF484

EP3SL200--H780 (1) — V| =] = V| =V | =]|=|V|=]=
EP3SE260--H780 (1) — V| =] = V| =V | =]|=|V|=]=
EP3SL340--H1152 (1), 2) | — | YV || — | Y | )| YV || —| VYV | (V)| —
January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration
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Document Revision History

Table 5-4. Non-Socket Migration for HardCopy Ill and PLL Resource Availability (Part 2 of 2)

HartGopy il mtﬁ‘t’v‘:‘i"n'(':vice L1 12|18 |14 |T1 |72 |B1|B2|R|R2|R3|Ra
EP3SL110--F780 (7) — | V| ==YV | =Y ==Y | ==
EP3SL150--F780 (1) — | V| - = V| =V | =] = V| =] =
HC325FF434 EP3SE110--F780 (7) e B 2 e I B e B e e R B
EP3SL200--H780 (1) — | V| - = V| =V | =] = V| =] =
EP3SE260--H780 (1) — | V| ==YV | =Y ==Y | ==
EP3SL340--H1152 (1), 2) | — | YV || —| YV ||V || —| V | (V)| —
HC325WF780 | EP3SL340--H1152 (1), 2) | — | YV | ()| —| YV [ )| YV | )| —| YV | (V)| —
HC325FF780 EP3SL340--H1152 (1), (2) | — | vV | ()| — |V | )|V | ()| —| YV | (V)| —
Notes to Table 5-4
(1) These are non-socket replacement devices. A board re-design is required.
(2) The FPGA has eight available PLLs and the HardCopy Il device has four available PLLs.
Document Revision History
Table 5-5 lists the revision history for this chapter.
Table 5-5. Document Revision History
Date Version Changes
m Updated Table 5-2 and Table 5-4. Removed device HC315WF484.
January 2011 3.1 m Used new document template.
= Minor text edits.
June 2009 3.0 Added non-socket information and new part numbers.
December 2008 2.0 Made minor editorial changes.
May 2008 1.0 Initial release.
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Section Il. 1/0 Interfaces
AIERA /

This section includes the following chapters:
m Chapter 6, I/O Features for HardCopy III Devices
m Chapter 7, External Memory Interfaces in HardCopy III Devices

m Chapter 8, High-Speed Differential 1/O Interfaces and DPA in HardCopy III
Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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QA | |:| £ )/, 6. 1/0 Features for HardCopy Ill Devices

HIII51006-3.1

This chapter describes the I/O standards, features, termination schemes, and
performance supported in HardCopy® III devices. All HardCopy III devices have
configurable high-performance I/O drivers and receivers supporting a wide range of
industry standard interfaces. Both the top/bottom (column) and left/right (row) I/O
banks of HardCopy III devices support the same I/O standards with different
performance specifications.

This chapter includes the following sections:

m “Differences Between HardCopy III ASICs and Stratix III FPGAs” on page 6-2
m “I/O Standards and Voltage Levels” on page 64

m “HardCopy III I/O” on page 6-7

m “HardCopy III I/O Banks” on page 6-8

m “HardCopy III I/O Structure” on page 6-9

m  “MultiVolt I/O Interface” on page 6-9

m “3.3/3.0-VI/0O Interface” on page 6-10

m “On-Chip Termination Support and I/O Termination Schemes” on page 6-11
m “OCT Calibration Block Location” on page 6-12

m “Design Considerations” on page 6—12

Numerous I/O features assist in the high-speed data transfer into and out of the
HardCopy device.

HardCopy III devices support the following I/O standards:

m Single-ended, non-voltage-referenced or voltage-referenced 1/0O standards
m Low-voltage differential signaling (LVDS)

Reduced swing differential signal (RSDS)

Mini-LVDS

High-speed transceiver logic (HSTL)

Stub series terminated logic (SSTL)

Single data rate (SDR) and half data rate (HDR—half the frequency and twice the
data width of SDR) input and output options

m  Up to 88 full duplex 1.25 Gbps true LVDS channels (88 Tx + 88 Rx) on the row I/O
banks

Features supported in a single-ended 1/0O interface include:
B De-skew, read and write leveling, and clock-domain crossing functionality

m  Multiple output current strength setting for different I/O standards

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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m Four slew rate settings

m  Four output delay settings

m Six1/0O delay settings

m  Optional bus-hold

m Optional pull-up resistor

m Optional open-drain output

m Serial, parallel, and dynamic on-chip termination (OCT)
Features supported in a high-speed memory interface include:

m Dedicated DQ strobe (DQS) logic in both column and row 1/Os

m Each I/O bank is accessible by two delay-locked loops (DLLs) that have different
frequencies and phase shifts

m Low-power option when you do not use the memory interface
Features supported in a high-speed differential I/O interface include:
m Four slew rate settings

m Differential OCT

m Hard dynamic phase alignment (DPA) block with serializer /deserializer
(SERDES)

m Four pre-emphasis settings

m Four differential output voltage (Vop) settings

Differences Between HardCopy lll ASICs and Stratix lll FPGAs

Both HardCopy III and Stratix® III devices support the same speed, performance, [/O
standards and implementation guidelines, except I/O standards that require 3.3-V in
Stratix III devices. You can prototype I/O interfaces with Stratix III devices and map
the design to HardCopy III devices. HardCopy III devices do not support 3.3-V Vccio
due to the device reliability of 40nm process technology. However, HardCopy III
devices can interface with a 3.3 V interface. Refer to the section “3.3/3.0-VI/O
Interface” on page 6-10 for more information.

You must set the HardCopy III companion device for your Stratix III design project in
the Quartus® II software. Otherwise, you may not be able to map to a HardCopy III
device due to varying amounts of resource availability. There are four major
differences between HardCopy III and Stratix III families:

m  Unlike Stratix III devices, HardCopy III devices require external voltage regulators
to regulate Vcjo power from 3.3 V to 3 V for device reliability.

m There are up to eight calibration blocks in HardCopy III devices instead of up to
ten calibration blocks in Stratix III devices.

m Stratix Il devices support up to 24 I/O banks while HardCopy III devices support
up to 20 I/O banks.
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Stratix Il and HardCopy III devices support different I/O counts per bank. Therefore,
always set the HardCopy III companion device for your Stratix III design project in
the Quartus II software. For more information, refer to Table 6-2.

Certain HardCopy III densities may have their speed and timing performance
affected when compared with their companion FPGA due to the differences in the
architectural layout of the PLLs and I/O pins:

m I/0O pin overhang—refers to some of the vertical I/Os that are located sufficiently
away from the HCell core and RAM blocks. This can result in a larger skew when
compared with an I/O placed next to the HCell or RAM block. For more
information, refer to Figure 6-1, Figure 62, and Table 6-1.

m I/0O pin adjacent to the PLL—Some HardCopy III devices have the PLL placed in
the core when compared with their companion FPGA, which may have the PLL
located in the periphery. In this instance, when using 1/Os adjacent to the PLLs in
the HardCopy III device, if the source/destination in the HCell is blocked by the
PLL, a larger skew may result when compared with the I/Os not located next to
the HCell or RAM block.

I/0 pin overhang and I/O pin adjacent to the PLL can cause different skew results
and timing performance between the FPGA and the HardCopy III device.

I'=" If your HardCopy III device design has timing closure challenges containing a wide
parallel interface with a very tight skew budget, consider avoiding these I/O pins.
Instead, use these 1/O pins for a slower data rate or as controls.

When migrating from the FPGA to the HardCopy III device, use the Chip Planner in
both the FPGA and the HardCopy III device to plan with these I/Os.
Figure 6-1 and Figure 6-2 show the locations of the I/O pin overhang and I/O pin
adjacent to the PLL. Use the Chip Planner in the Quartus II software to obtain a more
accurate layout of these I/Os.
Figure 6-1. HC325 Devices Not Affected by 1/0 Pin Overhang and PLL Obstruction
HCell Core
y
IOEs IOEs /
PLLs
I0Es |PLL IOEs
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Figure 6-2. HC335 Devices Have a PLL Obstruction Issue for the Top and Bottom 1/0s

| IOEs | L HCell Core
PLLs
I0Es - I0Es
PLLs [ PLLS]
|0Es 1 IOEs
PLLs

PLL obstructs the
direct signal path

1?

| IOEs

Table 6-1 lists the HardCopy III devices that may be affected by architectural
differences in your I/O pin layouts.

Table 6-1. 1/0 Pin Layout for HardCopy Il Devices

Devices Affected
HC325FF484, HC325FF780, HC325WF484, and HC325WF780

1/0 Pin Layout Differences
Not affected

V10 overhang None
: . HC335FF1152, HC335LF1152, HC335FF1517, and
I/0 pins adjacent to the PLL HC335LF1517

1/0 Standards and Voltage Levels

HardCopy III devices support a wide range of industry I/O standards, including
single-ended, voltage-referenced single-ended, and differential I/O standards.
Table 6-2 lists the supported I/O standards and the typical values for input and
output Vecio, Veerp, Vrer and board Vi

Table 6-2. 1/0 Standards and Voltage Levels HardCopy Il Devices (Part 1 of 3) (Note 1)

VeciofV)
- - Veeeo (V) | Viger (V) Vrr(V)
1/0 Standard sst::;l:rrtd Input Operation Output Operation I;Ir’il";:r (I:g;ut To r(::)na;:ll on
Column Row Column Row Voltage) | Voltage) | Voltage)
1/0 Banks | 1/0 Banks | /0 Banks | I/0 Banks

3.0-V LVTTL JESDS-B 3.0/2.5 3.0/2.5 3.0 3.0 3.0 — —
3.0-V LVCMOS JESD8-B 3.0/2.5 3.0/2.5 3.0 3.0 3.0 — —
2.5-V LVTTL/LVCMOS | JESD8-5 3.0/2.5 3.0/2.5 2.5 2.5 2.5 — —
1.8-V LVTTL/LVCMOS | JESD8-7 1.8/1.5 1.8/1.5 1.8 1.8 2.5 — —
1.5-V LVTTL/LVCMOS | JESD8-11 1.8/1.5 1.8/1.5 1.5 1.5 2.5 — —
1.2-V LVTTL/ LVCMOS | JESD8-12 1.2 1.2 1.2 1.2 2.5 — —
3.0-VPCI (4) PCI Rev 2.2 3.0 3.0 3.0 3.0 3.0 — —
3.0V PCIX (4) PO a0 3.0 3.0 3.0 3.0 — —
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Table 6-2. 1/0 Standards and Voltage Levels HardCopy Il Devices (Part 2 of 3) (Note 1)

VeenolV)
Standard Input Operati Output Operati vc(ll:’m v v(fEF "t/) (‘:3" (Vt)l
andar nput Operation utput Operation re- npu oar
/0 Standard Support Driver Ref Termination
Column Row Column Row Voltage) | Voltage) | Voltage)
1/0 Banks | 1/0 Banks | I/0 Banks | I/0 Banks

SSTL-2 Class | JESD8-9B (2) (2) 2.5 2.5 2.5 1.25 1.25

SSTL-2 Class Il JESD8-9B (2) 2) 2.5 2.5 2.5 1.25 1.25

SSTL-18 Class | JESD8-15 (2) (2) 1.8 1.8 2.5 0.90 0.90

SSTL-18 Class Il JESD8-15 2 ) 18 18 25 0.90 0.90

SSTL-15 Class | — 2 ) 15 15 25 0.75 0.75

SSTL-15 Class Il (3) — ) 2) 15 — 25 0.75 0.75

HSTL-18 Class | JESD8-6 (2) 2) 1.8 1.8 2.5 0.90 0.90

HSTL-18 Class Il JESD8-6 (2) (2) 1.8 1.8 2.5 0.90 0.90

HSTL-15 Class | JESD8-6 (2) 2) 1.5 1.5 2.5 0.75 0.75

HSTL-15 Class Il (3) | JESD8-6 2) 2) 15 — 25 0.75 0.75

HSTL-12 Class | JESD8-16A (2) (2) 1.2 1.2 25 0.6 0.6

HSTL-12 Class Il (3) JESD8-16A (2) 2) 1.2 —_ 2.5 0.6 0.6

Differential SSTL-2 | jespg-98 | (2) @) 25 25 25 — 1.25

Class |

Differential SSTL-2

Class I JESDS-9B ) ) 25 25 25 — 1.25

Differential SSTL-18 | jeopg 15 ©) ©) 18 18 25 — 0.90

Class |

Differential SSTL-18

Class |l JESD8-15 (2) (2) 1.8 1.8 2.5 — 0.90

Differential SSTL-15

Class | — ) ) 15 15 25 — 0.75

Differential SSTL-15

Class || — (2) 2) 1.5 — 2.5 — 0.75

Differential HSTL-18 | £qpg.g ©) ©) 18 18 25 — 0.90

Class |

Differential HSTL-18

Class || JESD8-6 (2) 2) 1.8 1.8 2.5 —_ 0.90

Differential HSTL-15 | jeqpg.g ©) ©) 15 15 25 — 0.75

Class |

Differential HSTL-15

Class I JESD8-6 ) ) 15 — 25 — 0.75

Differential HSTL-2 | jeong16n | (2) @) 12 12 25 — 0.60

Class |

Differential HSTL-12

Class |l JESD8-16A (2) 2) 1.2 — 2.5 — 0.60

ANSI/TIA/

LVDS (6) EIA644 ) 2) 25 25 25 — —

RSDS (7), (8) — 2 ) 25 25 25 — —
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Table 6-2. 1/0 Standards and Voltage Levels HardCopy Il Devices (Part 3 of 3) (Note 1)

VeenlV)

Standard Input Operati Output Operati v?l:’m v v(fEF (It” (VBTT(Vc)I

andar nput Operation utput Operation re- npu oar

/0 Standard Support Driver Ref Termination
Column Row Column Row Voltage) | Voltage) | Voltage)
1/0 Banks | 1/0 Banks | I/0 Banks | I/0 Banks
mini-LVDS (7), (8) — 2) 2) 2.5 2.5 2.5 — —
LVPECL — (5) 2.5 — — 2.5 — —

Notes to Tahle 6-2:

(1) HardCopy Il devices do not support the 3.3-V I/0 standard. Vcpp is either 2.5 V or 3.0 V. For a 3.0-V I/0 standard, VCCPD = 3.0 V. For 2.5 V and
below I/0 standards, VCCPD = 2.5 V. However, HardCopy Il devices can interface with a 3.3 V interface. For more information, refer to the section

“3.3/3.0-V /0 Interface” on page 6—10.

(2) Single-ended HSTL/SSTL, differential SSTL/HSTL, and LVDS input buffers are powered by V¢epp. Row 1/0 banks support both true differential input
buffers and true differential output buffers. Column 1/0 banks support true differential input buffers, but not true differential output buffers. 1/0 pins
are organized in pairs to support differential standards. Column 1/0 differential HSTL and SSTL inputs use LVDS differential input buffers without on-

chip RD support.

wW

—~ o~~~
o Ol
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Row 1/0s do not support HSTL-12 Class Il output, HSTL-15 Class Il output, or SSTL-15 Class Il output.
Column 1/0 supports PCI/PCI-X with an on-chip clamping diode. Row 1/0 supports PCI/PCI-X with an external clamping diode.
Column 1/0 banks support LVPECL I/0 standards only for input clock operation. Differential clock inputs in column 1/0 use Viceigin-

Column 1/0 banks support LVDS outputs using two single-ended output buffers and external one-resistor (LVDS_E_1R) and a three-resistor
(LVDS_E_3R) network.

Row I/0 banks support RSDS and mini-LVDS 1/0 standards using a dedicated LVDS output buffer without a resistor network.

(8) Column 1/0 banks support RSDS and mini-LVDS /0 standards using two single-ended output buffers with one-resistor (RSDS_E_1R and
mini-LVDS_E_1R) and three-resistor (RSDS_E_3R and mini-LVDS_E_3R) networks.

“ e For detailed electrical characteristics of each I/0O standard, refer to the DC and
Switching Characteristics of HardCopy III Devices chapter in volume 2 of the HardCopy II1
Device Handbook.
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HardCopy 111 1/0

HardGopy 111 1/0

HardCopy III devices contain up to 20 I/O banks, as shown in Figure 6-3. Row I/O
banks contain true differential input and output buffers and banks with dedicated
circuitry to support differential standards at speeds up to 1.25 Gbps.

Figure 6-3. 1/0 Banks for HardCopy lll Devices (Note 1), (2), (3), (4), (5), (6), (7), (8), (9)

PLL_ LY Bank 8A Bank 8B Bank 8C PLL_T1|PLL_T2 Bank 7C Bank 7B Bank 7A PLL_RY
é 1/0 banks 8A, 8B & 8C support all 1/0 banks 7A, 7B & 7C support all Aé
[ single-ended and differential input single-ended and differential input @
o and output operation and output operation o0
5 2
% Row 1/0 banks support LVTTL, LVCMOS, 2.5-V, 1.8-V, _\é
g 1.5-V, 1.2-V, SSTL-2 Class | & Il, SSTL-18 Class | & Il, ]
SSTL-15 Class |, HSTL-18 Class | & Il, HSTL-15 Class |, 0
HSTL-12 Class |, LVDS, RSDS, mini-LVDS, differential
SSTL-2 Class | & Il, differential SSTL-18 Class | & II,
PLL L2l differential SSTL-15 Class I, differential HSTL-18 Class | & PLL R2
- 11, differential HSTL-15 Class | and differential HSTL-12 —
Class | standards for input and output operation.
PLL_L3 P patop PLL R3
SSTL-15 class Il, HSTL-15 Class II, HSTL-12 Class I, —
differential SSTL-15 Class Il, differential HSTL-15 Class I,
differential HSTL-12 Class Il standards are only supported
O for input operations Q
N o
x X
3 8
om [an]
< 1/0 banks 3A, 3B & 3C support all 1/0 banks 4A, 4B & 4C support all <
S single-ended and differential input single-ended and differential input 2
% and output operation and output operation %
) m m ]
PLL_L4] Bank 3A Bank 3B Bank 3C  |PLL_B1|PLL_B2| Bank4C Bank 4B Bank 4A PLL_R4

Notes to Figure 6-3:

(1) There are 12 1/0 banks for the 484-pin package, 16 I/0 banks for the 780-pin package, and 20 I/0 banks for the 1152- and 1517-pin packages.

(2) Differential HSTL and SSTL outputs are not true differential outputs. They use two single-ended outputs with the second output programmed as
inverted.

(3) Column 1/0 differential HSTL and SSTL inputs use LVDS differential input buffers without differential OCT support.

(4) Column 1/0 supports LVDS outputs using single-ended buffers and external resistor networks.

(5) Column 1/0 supports PCI/PCI-X with an on-chip clamping diode. Row I/0 supports PCI/PCI-X with an external clamping diode.

(6) Differential clock inputs on column 1/0 use Veeoukn- All outputs use the corresponding bank Vegyo.

(7) Row I/0 supports the dedicated LVDS output buffer.

(8) Column 1/0 banks support LVPECL-only standards for input clock operation.

(9) Figure 6-3 is a top view of the silicon die that corresponds to a reverse view for flip chip packages. It is a graphical representation only.
(10) Single-ended inputs and outputs are not allowed when true differential 10 (DPA and non-DPA) exist in a given 1/0 bank.
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HardCopy 111 1/0 Banks

Every I/0 bank in HardCopy III devices can support high-performance external
memory interfaces with dedicated circuitry. The I/O pins are organized in pairs to
support differential standards. Each I/O pin pair can support both differential input
and output buffers. The only exceptions are the c1k1, c1k3, c1k8, c1k10, PLL L1 clk,
PLL L4 clk, PLL R1 clk, and PLL R4 clk pins which support differential input
operations only.
“ e For more information about the number of channels available for the LVDS 1/O
standard, refer to the High-Speed Differential 1/O Interface with DPA in HardCopy 111
Devices chapter in volume 1 of the HardCopy 11l Device Handbook.

HardCopy Il I/0 Banks

The I/0 pins in HardCopy III devices are arranged in groups called modular I/O
banks. Depending on the device package, the number of I/O banks varies. The size of
each bank can also vary. Table 6-3 lists the I/O count per bank for all available pin
packages.

Table 6-3. 1/0 Count Per Bank for HardCopy Il Devices (Part 1 of 2) (Note 1)

Device Package Pin Count
Bank
484 780 1152 1517
1A 24 32 48 50
1C 24 26 42 42
2A 24 32 48 50
2C 24 26 42 42
3A — 40 40 48
3B — — 24 48
3C 24 24 32 32
4A — 40 40 48
4B — — 24 48
4C 24 24 32 32
5A 24 32 48 50
5C 24 26 42 42
6A 24 32 48 50
6C 24 26 42 42
7A — 40 40 48
7B — — 24 48
7C 24 24 32 32
8A — 40 40 48
8B — — 24 48
8C 24 24 32 32
Total Banks 12 16 20 20
HardCopy Ill Device Handbook Volume 1: Device Interfaces and Integration January 2011 Altera Corporation
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HardCopy 111 1/0 Structure

Tabhle 6-3. 1/0 Count Per Bank for HardCopy Il Devices (Part 2 of 2) (Note 1)

Device Package Pin Gount
Bank
484 780 1152 1517
Total 1/0 Pins 288 488 744 880 (2)

Notes to Table 6-3:

(1) These numbers include dedicated clock pins and regular I/0 pins.

(2) The HardCopy Il F1517-pin package supports less I/0 count than the Stratix I1l F1517-pin package. Therefore, always set HardCopy companion
devices in your Quartus Il project to ensure proper mapping.

HardCopy Il I/0 Structure

The I/O element (IOE) in HardCopy III devices contains a bidirectional I/O buffer
and I/O registers to support a complete embedded bidirectional SDR or DDR transfer.
Figure 6-3 shows that certain I/O banks support certain I/O standards. The IOEs are
located in I/0O blocks around the periphery of the HardCopy III device.

The HardCopy III bidirectional IOE also supports features such as:
m  MultiVolt I/O interface
m Dedicated circuitry for external memory interface
m Input delay
m Four output-current strength settings for single-ended I/Os
m Four slew rate settings for both single-ended and differential I/Os
m Four output delay settings for single-ended 1/Os
m Six I/O delay settings for single-ended I/Os
m  Optional bus-hold
m  Optional pull-up resistor
m Optional open-drain output
m Optional on-chip series termination with or without calibration
m  Optional on-chip parallel termination with calibration
m  Optional on-chip differential termination

m  Optional PCle clamping diode

MultiVolt 1/0 Interface

The HardCopy III architecture supports the MultiVolt I/O interface feature that
allows HardCopy III devices in all packages to interface with systems of different
supply voltages.

The Vo pins can be connected to a 1.2-, 1.5-, 1.8-, 2.5-, or 3.0-V power supply,
depending on the output requirements. The output levels are compatible with
systems of the same voltage as the power supply. (For example, when Vo pins are
connected to a 1.5-V power supply, the output levels are compatible with 1.5-V
systems.)

January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration
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3.3/3.0-V I/0 Interface

The HardCopy III Vcepp power pins must be connected to a 2.5- or 3.0-V power
supply. Using these power pins to supply the pre-driver power to the output buffers
increases the performance of the output pins. Table 64 lists HardCopy III MultiVolt
I/0 support.

Table 6-4. MultiVolt I/0 Support for HardCopy Il Devices (Note 1)

Input Signal (V) Output Signal (V)

Voo (V) 12 | 15 | 1.8 | 25 | 30 | 33 | 1.2 | 1.5 | 1.8 | 25 | 3.0 | 3.3
1.2 — — — — — — — — — —
15 — v o vel — — — — v | = — — —
1.8 — vl v | — — — — — v | = — —
25 — — — v |velvel|l — — — v | = —
3.0 — — — v v vl — — — — v | =
3.3 (3) — — — — — — — — — — — —

Notes to Table 6-4:
(1) HardCopy Il devices do not support the 3.3-V I/0 standard.

(2) The pin current may be slightly higher than the default value. You must verify that the driving device's Vo, maximum and Vg minimum voltages
do not violate the applicable HardCopy IIl V,, maximum and V;y minimum voltage specifications.

(3) Column I/0 supports PCI/PCI-X with an on-chip clamping diode. Row I/0 supports PCI/PCI-X with an external clamping diode.

3.3/3.0-V 1/0 Interface

Unlike Stratix III, HardCopy III I/O buffers do not support 3.3-V I/O standards. The
maximum I/O voltage is 3.0-V. However, for 3.3-V LVTTL, the output high voltage
(Von), output low voltage (Vo ), input high voltage (Viy), and input low voltage (V)
levels meet the 3.3-V LVTTL standard of Stratix III devices. For 3.3V-LVCMOS, these
parameters are compatible, except Vo, which depends on Vcio.

For more information about 3.3/3.0-V I/O interfaces, refer to DC and Switching
Characteristics of HardCopy III Devices chapter in volume 2 of the HardCopy III Device
Handbook.

To ensure device reliability and proper operation when interfacing with a 3.3-V 1/0
system using HardCopy III devices, it is important to make sure that the absolute
maximum ratings of HardCopy III devices are not violated.

For information about ensuring device reliability and proper operation, refer to the
DC and Switching Characteristics of HardCopy I1I Devices chapter in volume 2 of the
HardCopy 111 Device Handbook.

Altera recommends performing IBIS simulation to determine that the overshoot and
undershoot voltages are within the guidelines.

When using the HardCopy III device as a transmitter, you can use several techniques
to limit the overshoot and undershoot at the I/O pins, such as using slow slew rate
and series termination, but they are not required. Transmission line effects that cause
large voltage deviation at the receiver are associated with impedance mismatch
between the driver and transmission line. By matching the impedance of the driver to
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On-Chip Termination Support and 1/0 Termination Schemes

the characteristic impedance of the transmission line, you can significantly reduce
overshoot voltage. You can use a series termination resistor placed physically close to
the driver to match the total driver impedance to transmission line impedance.
HardCopy III devices support series on-chip termination (OCT) for all
LVTTL/LVCMOS 1/0 standards in all I/O banks.

When using the HardCopy IlI device as a receiver, a technique you can use to limit the
overshoot, though not required, is using a clamping diode (on-chip or off-chip).
HardCopy III devices provide an optional on-chip PCle clamping diode for column
I/0 pins. You can use this diode to protect I/O pins against overshoot voltage.

For more information about absolute maximum rating and maximum allowed
overshoot during transitions, refer to the DC and Switching Characteristics of
HardCopy III Devices chapter in volume 2 of the HardCopy III Device Handbook.
The following features are identical to those in Stratix III devices:

m External memory interface

m High-speed differential I/O with DPA support

m Four levels of pre-emphasis for LVDS transmitters

m Four levels of differential output voltage for LVDS transmitters

m Output current strength

m Slew rate control

®m  Output buffer delay

m  Open-drain output

m Bushold

m Pull-up resistor

For more information about particular features, refer to the Stratix III Device I/O
Features chapter in volume 1 of the Stratix III Device Handbook.

On-Chip Termination Support and 1/0 Termination Schemes

January 2011

Downloaded from AFFOW.Com.

HardCopy III devices support the same termination schemes and on-chip termination
(OCT) architecture as Stratix III devices. I/O termination provides impedance
matching and helps maintain signal integrity while on-chip termination saves board
space and reduces external component costs.

HardCopy III devices support on-chip series termination (Rg) with or without
calibration, parallel (Ry) with calibration, dynamic series and parallel termination for
single-ended I/0O standards, and on-chip differential termination (Rp) for differential
LVDS I/0 standards.

HardCopy III devices support OCT in all 1/O banks by selecting one of the OCT I/O
standards. Unlike Stratix III devices, which support up to ten calibration blocks,
HardCopy III devices support up to eight OCT calibration blocks.

For more information about termination schemes for I/0O standards, refer to the
Stratix 11l Device 1/O Features chapter in volume 1 of the Stratix III Device Handbook.
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OCT Calibration Block Location

OCT Calibration Block Location

Figure 6-4 shows the location of OCT calibration blocks in HardCopy III devices.
Figure 6-4. OCT Calibration Block Location in HardCopy Ill Devices (Note 1)
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Note to Figure 6-4:

(1) Figure 6-4 is a top view of the silicon die that corresponds to a reverse view for flip-chip packages. It is a graphical representation only.

You can calibrate the I/O banks with any OCT calibration block with the same Vcjo.
Also, I/Os are allowed to transmit data during OCT calibration.
“ e For more information about the OCT calibration modes of operation and their

implementation, refer to the Stratix III Device I/O Features chapter in volume 1 of the
Stratix 11l Device Handbook.

Design Considerations

While HardCopy III devices feature various I/O capabilities for high-performance
and high-speed system designs, there are several other considerations that require
attention to ensure the success of those designs. These design practices are consistent
with the design practices for Stratix III devices.

I/0 Banks Restrictions

Each I/O bank can simultaneously support multiple I/O standards. The following
sections provide guidelines for mixing non-voltage-referenced and voltage-referenced
I/0 standards in HardCopy III devices.
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Design Considerations

Non-Voltage-Referenced Standards

Each HardCopy III I/O bank has its own VCCIO pins and can be powered by only one
Vccio voltage supply level, either 1.2-, 1.5-, 1.8-, 2.5-, or 3.0-V. An I/O bank can
simultaneously support any number of input signals with different I/O standard
assignments, as shown in Table 6—4. For example, an I/O bank with a 2.5-V Vo
setting can support 2.5-V standard inputs and outputs and 3.0-V LVCMOS inputs (not
output or bidirectional pins).

For output signals, a single I/O bank supports non-voltage-referenced output signals
that are driving at the same voltage as Vcjo. Because an I/O bank can only have one
Vccio value, it can only drive out that one value for non-voltage-referenced signals.

Voltage-Referenced Standards

To accommodate voltage-referenced 1/0O standards, each HardCopy III device’s I/O
bank, such as 1A and 1C, supports separate VREF pins feeding its individual VREF bus.
You cannot use the VREF pins as generic I/O pins. Thus, if an I/O bank does not use
any voltage-referenced 1/0 standards, the VREF pin for that I/O bank must be tied to
Vccro or GND. Each bank can only have a single Vo voltage level and a single Vg
voltage level at a given time.

An I/0 bank featuring single-ended or differential standards can support
voltage-referenced standards as long as all voltage-referenced standards use the same
Vger setting.

For performance reasons, voltage-referenced input standards use their own Vcpp
level as the power source. This feature allows you to place voltage-referenced input
signals in an I/O bank with a Vo of 2.5 or below. For example, you can place
HSTL-15 input pins in an I/O bank with a 2.5-V V0.

Voltage-referenced bidirectional and output signals must be the same as the I/O
bank’s Vcio voltage. For example, you can only place SSTL-2 output pins in an I/O
bank with a 2.5-V Vcpo.

Mixing Voltage-Referenced and Non-Voltage-Referenced Standards

An1/0 bank can support both non-voltage-referenced and voltage-referenced pins by
applying each of the rule sets individually. For example, an I/O bank can support
SSTL-18 inputs and 1.8-V inputs and outputs with a 1.8-V Vcjp and a 0.9-V Vigr
Similarly, an I/O bank can support 1.5-V standards, 1.8-V inputs (but not outputs),
and HSTL and HSTL-151/0 standards with a 1.5-V Vo and 0.75-V Vigg.

Non-Socket Replacement and 1/0 Resource Availability

HardCopy III devices offer non-socket replacement of the FPGA devices. Non-socket
replacement requires a board re-design. Table 6-5 lists the non-socket replacement
options.

To ensure I/O resource availability, refer to the Mapping Stratix Il Device Resources to
HardCopy 111 Devices chapter in volume 2 of the HardCopy III Device Handbook.
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Table 6-5. Non-Socket Replacement 1/0 Resource Availability for HardCopy lll Devices

. . HardCopy Ill Stratix I
HardCopy Ill Stratix I HardCopy Ill Stratix 1l
Device Prototype Device 1/0 Pins 1/0 Pins Fall Dg[;lit:;( VDS | Full n:;;ni.:: LvDs
EP3SL110--F780 296 488 48 56
EP3SL150--F780 296 488 48 56
EP3SE110--F780 296 488 48 56
HC325WF484
EP3SL200--H780 296 488 48 56
EP3SE260--H780 296 488 48 56
EP3SL340--H1152 296 744 48 88
EP3SL110--F780 296 488 48 56
EP3SL150--F780 296 488 48 56
EP3SE110--F780 296 488 48 56
HC325FF484
EP3SL200--H780 296 488 48 56
EP3SE260--H780 296 488 48 56
EP3SL340--H1152 296 744 48 88
HC325WF780 EP3SL340--H1152 392 744 48 88
HC325FF780 EP3SL340--H1152 488 744 56 88

Document Revision History

Table 6-6 lists the revision history for this chapter.

Tahle 6-6. Document Revision History

Date Version Changes

m Updated Table 6-5 and Table 6-2.

m Updated the “Differences Between HardGopy Il ASICs and Stratix Il FPGAS” section.
January 2011 3.1 m Added Figure 6-1 and Figure 6-2.

m Added Table 6-1.

= Minor text edits.

m Added Note 10 to Figure 6-1

m Replaced Note 3 in Table 67

June 2009 3.0 = Added new section “Non-Socket Replacement and 1/0 Resource Availability” on
page 6-21

m Added Table 6-9

m Updated “Introduction”

December 2008 2.0 m Updated “Voltage-Referenced Standards” on page 6-11
m Made minor editorial changes

Initial release.

May 2008 1.0
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This chapter describes the hardware features that support high-speed memory
interfacing for each double data rate (DDR) memory standard in HardCopy® III
devices. HardCopy III devices feature delay-locked loops (DLLs), phase-locked loops
(PLLs), dynamic on-chip termination (OCT), read-and-write leveling, and deskew
circuitry.

This chapter contains the following sections:
m “Memory Interfaces Pin Support” on page 7-3
m “HardCopy III External Memory Interface Features” on page 7-15

Similar to the Stratix® III I/ O structure, the HardCopy III I/ O structure has been
redesigned to provide flexible and high-performance support for existing and
emerging external memory standards. These include high-performance DDR memory
standards such as DDR3, DDR2, DDR SDRAM, QDRII+, QDRII SRAM, and
RLDRAM II.

HardCopy III devices offer the same external memory interface features found in
Stratix III devices. These features include DLLs, PLLs, dynamic OCT, trace mismatch
compensation, read-and-write leveling, deskew circuitry, half data rate (HDR) blocks,
4- to 36-bit DQ group widths, and DDR external memory support on all sides of the
HardCopy III device. HardCopy III devices provide an efficient architecture to
quickly and easily fit wide external memory interfaces with the small modular I/O
bank structure.

HardCopy III devices are designed to support the same 1/0O standards and
implementation guidelines for external memory interfaces as Stratix III devices.

In addition, the Quartus® II timing analysis tool (TimeQuest Timing Analyzer)
provides a complete solution for the highest reliable frequency of operation across
process, voltage, and temperature (PVT) variations.

PLL reconfiguration is not required for AtMEMPHY-based designs. The
AIMEMPHY megafunction has an auto calibration feature so implementing PLL
reconfiguration does not add value.

For more information about the ALTMEMPHY megafunction, refer to the External
Memory Interface Handbook.

Altera recommends enabling the PLL reconfiguration feature and the DLL phase
offset feature (DLL reconfiguration) for HardCopy III devices. Because HardCopy III
devices are mask programmed, they cannot be changed after the silicon is fabricated.
By implementing these two features, you can perform timing adjustments to improve
or resolve timing issues after the silicon is fabricated.

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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“ e For information about the clock rate support for Hardcopy III devices, refer to the

System Performance Specifications section of the External Memory Interface Handbook.

Figure 7-1 shows a package-bottom view for HardCopy III external memory support.

Figure 7-1. Package-Bottom View for HardCopy Ill Devices (Note 1), (2), (3)

DLLO DLL3
8A 8B 8C PLL_T1 | PLL_T2 7C 7B 7A
PLL_L1 PLL_R1
1A 6A
1c 6C
PLL_L2 PLL_R2
PLL_L3 PLL_R3
2C 5C
2A 5A
PLL L4 PLL R4
3A 3B 3C PLL_B1 | PLL_B2 4C 4B 4A
DLL1 DLL2

Notes to Figure 7-1:

(1) The number of I/0 banks and PLLs available depend on the device density.

(2) Not all HardCopy Ill devices support 1/0 banks 1B, 2B, 5B, and 6B.

(3) There is only one PLL on each side of the HC325W and HC325F devices. These devices do not support 1/0 banks 3B, 4B, 7B, and 8B.
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Figure 7-2 shows the memory interface data path that uses all the HardCopy III I/O
element (IOE) features.

Figure 7-2. External Memory Interface Data Path Overview (Note 1), (2), (3)
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Notes to Figure 7-2:
(1) Each register block can be bypassed.
(2) The blocks for each memory interface may differ slightly.

(3) These signals may be bidirectional or unidirectional, depending on the memory standard. When bidirectional, the signal is active during both read
and write operations.

Memory Interfaces Pin Support

A typical memory interface requires data (D, Q, or DQ), data strobe (DQS and
DQSn/CQn), address, command, and clock pins. Some memory interfaces use data
mask (DM) pins to enable write masking and QVLD pins to indicate that the read data
is ready to be captured. This section describes how HardCopy III devices support
these pins.
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Data and Data Clock/Strobe Pins

HardCopy III DDR memory interface read data-strobes or clocks are called DQS pins.
Depending on the memory specifications, the DQS pins can be bidirectional
single-ended signals (in DDR2 and DDR SDRAM), bidirectional differential signals
(DDR3 and DDR2 SDRAM), unidirectional differential signals (in RLDRAM II), or
unidirectional complementary signals (QDRII+ and QDRII SRAM). Connect the
unidirectional read-and-write data-strobes or clocks to HardCopy III DQS pins.

HardCopy III devices offer differential input buffers for differential read
data-strobe/clock operations and provide an independent DQS logic block for each
CQn pin for complementary read data-strobe/clock operations. In the HardCopy III
pin tables, the differential DQS pin-pairs are denoted as DQS and DQSn pins; the
complementary DQS signals are denoted as DQS and CQn pins. DQSn and CQn pins
are marked separately in the pin table. Each CQn pin connects to a DQS logic block
and the shifted CQn signals go to the negative-edge input registers in the DQ IOE
registers.

Use differential DQS signaling for DDR2 SDRAM interfaces running higher than
333 MHz.

HardCopy III DDR memory interface data pins are called DQ pins. The DQ pins can
be bidirectional signals, as in DDR3, DDR2, and DDR SDRAM, and RLDRAM II
common I/O (CIO) interfaces, or unidirectional signals, as in QDRII+, QDRII SRAM,
and RLDRAM II separate I/O (SIO) devices. Connect the unidirectional read data
signals to HardCopy III DQ pins and the unidirectional write data signals to a
DQS/DQ group other than the read DQS/DQ group. Furthermore, the write clocks
must be assigned to the DQS/DQSn pins associated with this write DQS/DQ group.
Do not use the DQS/CQn pin-pair for write clocks.

Using a DQS/DQ group for the write data signals minimizes output skew and allows
access to the write leveling circuitry (for DDR3 SDRAM interfaces). These pins also
have access to deskewing circuitry that can compensate for delay mismatch between
signals on the bus.

Table 7-1 lists the pin connections between a HardCopy III device and an external
memory device.

Tahle 7-1. Memory Interfaces Pin Utilization for HardCopy Ill Devices (Part 1 of 2)

Pin Description Memory Standard HardCopy Ill Pin Utilization
Read Data All DQ
Write Data All DQ (1)
Parity, DM, BWSn,
NWSn, QULD, ECC Al ba (7). (2)
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Table 7-1. Memory Interfaces Pin Utilization for HardCopy Il Devices (Part 2 of 2)

Pin Description

Memory Standard

HardCopy Ill Pin Utilization

Read Strobes/Clocks

DDR3 SDRAM DDR2 SDRAM (with
differential DQS signaling) (3)

RLDRAM II

Differential DQS/DQSN

DDR2 SDRAM (with single-ended DQS
signaling) (3)

DDR SDRAM

Single-ended DQS

QDRI+ SRAM
QDRII SRAM

Complementary DQS/CQn

QDRII+ SRAM (4)

Memory Clocks

Write Clocks QDRII SRAM (4) Any unused DQS and DQSn pin pairs (1)
RLDRAM 11 SIO
Any unused DQ or DQS pins with DIFFIO_RX capability for
the mem_c1k[0] and mem clk n[0] signals.
DDR3 SDRAM Any unused DQ or DQS pins with DIFFOUT capability for

the mem clk[n:1] andmem clk n[n:1] signals (where
n is greater than or equal to 1).

DDR2 SDRAM (with differential DQS
signaling)

Any DIFFIO RX pins for the mem clk{0] and
mem_clk n[0] signals.

Any unused DIFFOUT pins for the mem clk[n:1] and
mem_clk n[n:1] signals (where nis greater than or equal
to 1).

DDR2 SDRAM (with single-ended DQS
signaling)

DDR SDRAM
RLDRAM II

Any DIFFOUT pins

QDRII+ SRAM (4)
QDRI SRAM (4)

Any unused DQSn pin pairs (1)

Notes to Table 7-1:

(1) Ifthe write data signals are unidirectional including the data mask pins, connect them to a separate DQS/DQ group other than the read DQS/DQ
group. Connect the write clock to the DQS and DQSn pin-pair associated with that DQS/DQ group. Do not use the DQS and CQn pin-pair as

write clocks.

—_— o~
Bow N
= = =

The BWSn, NWSn, and DM pins must be part of the write DQS/DQ group. Parity, QVLD, and ECC pins must be part of the read DQS/DQ group.
DDR2 SDRAM supports either single-ended or differential DQS signaling.
QDRII+/QDRII SRAM devices typically use the same clock signals for both write and memory clock pins (K/K# clocks) to latch data and address,

and command signals. The clocks must be part of the DQS/DQ group in this case.

March 2012
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The DQS and DQ pin locations are fixed in the pin table. Memory interface circuitry is
available in every HardCopy III1 I/O bank. All memory interface pins support the I/O
standards required to support DDR3, DDR2, DDR SDRAM, QDRII+, QDRII SRAM,

and RLDRAM II devices.
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HardCopy III devices support DQS and DQ signals with DQ bus modes of x4, x8/x9,
x16/x18, or x32/x36, although not all devices support DQS bus mode x32/x36. When
any of these pins are not used for memory interfacing, you can use them as user 1/Os.

In addition, you can use any DQSn or CQn pin not used for clocking as DQ (data)
pins. Table 7-2 lists pin support per DQS/DQ bus mode, including the DQS and
DQSn/CQn pin pair.

Table 7-2. DQS/DQ Bus Mode Pins for HardCopy lll Devices (Note 1), (2), (3), (4), (5)

. Typical Number of | Maximum Number

ote | 08| e | TR | gmty | hamrmmper | ofuss e
x4 Yes No No No 4 5
x8/x9 Yes Yes Yes Yes 8or9 11
x16/x18 Yes Yes Yes Yes 16 0r 18 23
x32/x36 Yes Yes Yes Yes 32 0r 36 47

Notes to Tahle 7-2:

(1) The QVLD pin is not used in the ALTMEMPHY megafunction.

(2) This represents the maximum number of DQ pins (including parity, data mask, and QVLD pins) connected to the DQS bus network with
single-ended DQS signaling. When you use differential or complementary DQS signaling, the maximum number of data per group decreases
by one. This number may vary per DQS/DQ group in a particular device. Check the pin table for the accurate number per group.

—_— o~~~
a1 B~ W
—_ = =
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Two x4 DQS/DQ groups are stitched to make a x8/x9 group, so there are a total of 12 pins in this group.
Four x4 DQS/DQ groups are stitched to make a x16/x18 group.
Eight x4 DQS/DQ groups are stitched to make a x32/x36 group.

You can also use DQS/DQSn pins in some of the x4 groups as Ryp/Rpy pins (listed in
the pin table). You cannot use a x4 DQS/DQ group for memory interfaces if any of its
pin members are being used as Ryp and Rpy pins for OCT calibration. You may use
the x8/x9 group that includes this x4 DQS/DQ group, if either of the following
circumstances apply:

B You are not using DM pins with your differential DQS pins
B You are not using complementary or differential DQS pins

You can do this because a DQS/DQ x8/x9 group is comprised of 12 pins, as the
groups are formed by stitching two DQS/DQ groups in x4 mode with six total pins
each (Table 7-2). A typical x8 memory interface contains 10 pins, consisting of one
DQS, one DM, and eight DQ pins. If you choose your pin assignment carefully, you
can use the two extra pins for Ryp and Rpy. In a DDR3 SDRAM interface, you must
use differential DQS, which means that you only have one extra pin. In this case, pick
different pin locations for the Ryp and Rpy pins (for example, in the bank that contains
the address and command pins).

You cannot use the Ryp and Rpy pins shared with DQS/DQ group pins when using x9
QDRII+/QDRII SRAM devices, as the Ryp and Rpy pins have a dual purpose with the
CQn pins. In this case, pick different pin locations for the Ryp and Rpy pins to avoid
conflict with memory interface pin placement. You have the choice of placing the Ryp
and Rpy pins in the data-write group or in the same bank as the address and
command pins. There is no restriction for using x16/x18 or x32/x36 DQS/DQ groups
that include the x4 groups in which the pin members are used as Ryp and Rpy pins.
These groups contain enough extra pins that they can be used as DQS pins.
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You must pick your DQS and DQ pins manually for the x8/x9, x16/x18, or x32/x36
DQS/DQ group in which the members are used for Ryp and Rpy. Otherwise, the
Quartus II software might not be able to place these pins correctly if there are no
specific pin assignments and might give you a “no-fit” error instead.

Table 7-3 lists the maximum number of DQS/DQ groups per side of the

HardCopy III device.
Table 7-3. Number of DQS/DQ Groups in HardCopy lll Devices per Side
Device Package Side x4 (1) x8/x9 x16/x18 x32/x36

Left 12 4 0 0
o Bottom 5 2 0 0

484-pin FineLine BGA -
Right 12 4 0 0
HC325W Top 5 2 0 0
HC325F Left 14 6 2 0
o Bottom 17 8 2 0

780-pin FineLine BGA -
Right 14 6 2 0
Top 17 8 2 0
Left 26 12 4 0
I , Bottom 26 12 4 0

FineLine BGA 1152-pin -
Right 26 12 4 0
HC335L Top 26 12 4 0
HC335F Left 26 12 4 0
o Bottom 38 18 8 4

1517-pin FineLine BGA -
Right 26 12 4 0
Top 38 18 8 4

Note to Table 7-3:

(1) Insome x4 groups, DQS/DQ pins can also be used as Ryp/Rpy pins. You cannot use these x4 groups if the pins are used as Ryp and Rpy pins

for OCT calibration. Make sure that the DQS/DQ groups that you chose are not also used for OCT calibration.

Figure 7-3 through Figure 7-6 show the number of DQS/DQ groups available per
bank in each HardCopy III device. These figures present the package-bottom view of

the specified HardCopy Il devices.

March 2012 Altera Corporation
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Figure 7-3. Number of DQS/DQ Groups per Bank in HG4E25W and HC325F Devices in a 484-pin FineLine BGA Package

(Note 1), (2)

1/0 Bank 3C 1/0 Bank 4C
24 User I/Os 24 User I/Os
DLLO x4=2 x4=3 DLL3
x8/%9=1 x8/x9=1
x16/x18=0 x16/x18=0
1/0 Bank 2A 1/0 Bank 6A
24 User 1/0Os 24User I1/0Os
x4=3 x4=0
x8/x9=1 x8/x9=0
x16/x18=0 x16/x18=0
1/0 Bank 2C 1/0 Bank 6C
24 User I/Os 24User I/0Os
x4=3 x4=0
x8/x9=1 x8/x9=0
x16/x18=0 x16/x18=0
484-pin FineLine BGA
1/0 Bank 1C 1/0 Bank 5C
24 User |/Os 24User I/0s
x4=3 x4=0
x8/x9=1 x8/x9=0
x16/x18=0 x16/x18=0
1/0 Bank 1A 1/0 Bank 5A
24 User I/Os 24User I/0Os
x4=3 x4=0
x8/x9=1 x8/x9=0
x16/x18=0 x16/x18=0
1/0 Bank 8C 1/0 Bank 7C
24 User I/Os 24 User |/Os
DLL 1 x4=2 x4=3 DLL 2
x8/x9=1 x8/x9=1
x16/x18=0 x16/x18=0

Notes to Figure 7-3:
(1) These devices do not support x32/x36 mode.
(2) All'l/0 pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n).
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Figure 7-4. Number of DQS/DQ Groups per Bank in HC325W and HC325F Devices in a 780-pin FineLine BGA

Package (Noie 1)

DLLO

/0 Bank 8A (2)

40 User I/Os
x4=6
x8/x9=3
x16/x18=1

1/0 Bank 8C

24 User I/Os
x4=2
x8/x9=1
x16/x18=0

1/0 Bank 7C

24 User I/Os
x4=3
x8/x9=1
x16/x18=0

1/0 Bank 7A (2)

40 User I/0s
x4=6
x8/x9=3
x16/x18=1

DLL 3

1/0 Bank 1A (2)

32 User I/0s
x4=4
x8/x9=2
x16/x18=1

I/0 Bank 1C

26 User I/0s (3)
x4=3
x8/x9=1
x16/x18=0

I/O Bank 2C

26 User I/0s (3)
x4=3
x8/x9=1
x16/x18=0

1/0 Bank 2A (2)

780-pin FineLine BGA

/0 Bank 6A (2)

32 User I/Os
x4=4
x8/x9=2
x16/x18=1

1/0 Bank 6C

26 User I/Os (3)
x4=3
x8/x9=1
x16/x18=0

1/0 Bank 5C

26 User 1/Os (3)
x4=3
x8/x9=1
x16/x18=0

1/0 Bank 5A (2)

32 User I/Os 32 User I/Os
x4=4 x4=4
x8/x9=2 x8/x9=2
x16/x18=1 x16/x18=1
1/0 Bank 3A (2) 1/0 Bank 3C 1/0 Bank 4C 1/0 Bank 4A (2)

40 User I/Os 24 User I/Os 24 User |/Os 40 User I/Os
DLL 1 x4=6 x4=2 x4=3 x4=6 DLL 2
x8/x9=3 x8/x9=1 x8/x9=1 x8/x9=3
x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1

Notes to Figure 7-4:

(1) These devices do not support x32/x36 mode.

(2) You can use DQS/DQSn pins in some of the x4 groups as Ryp/Rpy pins. You cannot use a x4 group for memory interfaces if two pins in the group
are used as Ryp and Rpy pins for OCT calibration. You can still use the x16/x18 groups, including the x4 groups. However, there are restrictions
on using x8/x9 groups that include these x4 groups.

(3) All'l/0 pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n).
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Figure 7-5. Number of DQS/DQ Groups per Bank in HGC335L and HC335F Devices in a 1152-pin FineLine BGA Package

(Note 1)
1/0 Bank 8A (2) 1/0 Bank 8B 1/0 Bank 8C 1/0 Bank 7C 1/0 Bank 7B 1/0 Bank 7A (2)
40 User I/0s 24 User I/Os 32 User I/Os 32 User I/0s 24 User I/Os 40 User 1/0s
DLLO x4=6 x4=4 x4=3 x4=3 B x4=6 DLL3
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1 x16/x18=1
1/0 Bank 1A (2) 1/0 Bank 6A (2)
48 User I/0s 48 User I/0s
x4=7 x4=7
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
1/0 Bank 1C 1/0 Bank 6C
42 User 1/Os (3) 42 User 1/0s (3)
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
/0 Bank 2C 1152'pm FineLine BGA 1/0 Bank 5C
42 User I/Os (3)
=6 42 Use‘:_lg)s (3)
x8/x9=3 e
ESIIE x16/x18=1
1/0 Bank 2A (2) 1/0 Bank 5A (2)
48 User 1/0s
x4=7 48 User 1/0s
x8/x9=3 R
x16/x18=1 x8/x9=3
x16/x18=1
1/0 Bank 3A (2) 1/0 Bank 3B 1/0 Bank 3C 1/0 Bank 4C 1/0 Bank 4B 1/0 Bank 4A (2)
40 User I/Os 24 User I/0s 32 User I/0s 32 User I/0s 24 User I/0s 40 User I/Os
DLL1 x4=6 x4=4 x4=3 x4=3 x4=4 x4=6 DLL2
x8/x9=3 x8/x9=2 x8/x9=1 x8/x9=1 x8/x9=2 x8/x9=3
x16/x18=1 x16/x18=1 x16/x18=0 x16/x18=0 x16/x18=1 x16/x18=1

Notes to Figure 7-5:
(1) These devices do not support x32/x36 mode.

(2) You can use DQS/DQSn pins in some of the x4 groups as Ryp/Rpy pins. You cannot use a x4 group for memory interfaces if two pins in the group
are used as Ryp and Rpy pins for OCT calibration. You can still use the x16/x18 groups including the x4 groups. However, there are restrictions
on using x8/x9 groups that include these x4 groups.

(3) All'l/0 pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n).
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Figure 7-6. Number of DQS/DQ Groups per Bank in HC335L and HC335F Devices in a 1517-pin FineLine BGA Package

1/0 Bank 8A (1) I/0 Bank 8B 1/0 Bank 8C 1/0 Bank 7C 1/0 Bank 7B 1/0 Bank 7A (1)
48 User I/Os 48 User I/Os 32 User I/Os 32 User I/Os 48 User I/Os 48 User I/Os
DLL x4=8 x4=8 x4=3 x4=3 x4=8 x4=8 DLL3
0 x8/x9=4 x8/x9=4 x8/x9=1 x8/x9=1 x8/x9=4 x8/x9=4
x16/x18=2 x16/x18=2 x16/x18=0 x16/x18=0 x16/x18=2 x16/x18=2
x32/x36=1 x32/x36=1 x32/x36=0 x32/x36=0 x32/x36=1 x32/x36=1
I/0 Bank 1A (1) 1/0 Bank 6A (1)
50 User I/Os (2) 50 User I/Os (2)
x4=7 x4=7
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
/0 Bank 1C 1/0 Bank 6C
42 User I/Os (2) 42 User I/0s (2)
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
VO Bank 2 1517-Pin FineLine BGA VO Bank 5C
42 User I/Os (2) 42 User I/Os (2)
x4=6 x4=6
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
1/0 Bank 2A (1) 1/0 Bank 5A (1)
50 User I/Os (2) 50 User I/Os (2)
x4=7 x4=7
x8/x9=3 x8/x9=3
x16/x18=1 x16/x18=1
x32/x36=0 x32/x36=0
1/0 Bank 3A (1) I/0 Bank 3B 1/0 Bank 3C 1/0 Bank 4C 1/0 Bank 4B 1/0 Bank 4A (1)
48 User I/Os 48 User I/Os 32 User I/Os 32 User I/Os 48 User I/Os 48 User I/Os
DLL1 x4=8 x4=8 x4=3 x4=3 x4=8 x4=8 DLL2
x8/x9=4 x8/x9=4 x8/x9=1 x8/x9=1 x8/x9=4 x8/x9=4
x16/x18=2 x16/x18=2 x16/x18=0 x16/x18=0 x16/x18=2 x16/x18=2
x32/x36=1 x32/x36=1 x32/x36=0 x32/x36=0 x32/x36=1 x32/x36=1

Notes to Figure 7-6:

(1) You can use DQS/DQSn pins in some of the x4 groups as Ryp/Rpy pins. You cannot use a x4 group for memory interfaces if two pins in the group
are used as Ryp and Rpy pins for OCT calibration. You can still use the x16/x18 or x32/x36 groups including the x4 groups. However, there are
restrictions on using x8/x9 groups that include these x4 groups.

(2) All'l/0 pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n) and eight dedicated
corner PLL clock inputs (PLL_L1_CLKp, PLL_L1_CLKn, PLL_L4 CLKp, PLL L4 CLKn, PLL_R4_CLKp, PLL_R4_CLKn, PLL_R1_CLKp, and
PLL_R1 CLKn) that can be used for data inputs.

The DQS and DQSn pins are listed in the HardCopy III pin tables as DQSXY and
DQSnXY, respectively, where X denotes the DQS/DQ grouping number, and Y
denotes whether the group is located on the top (T), bottom (B), left (L), or right (R)
side of the device.

The corresponding DQ pins are marked as DQXY, where X indicates which DQS
group the pins belong to and Y indicates whether the group is located on the top (T),
bottom (B), left (L), or right (R) side of the device. For example, DQS1L indicates a DQS
pin, located on the left side of the device, as shown in Figure 7-7. The DQ pins
belonging to that group are shown as DQ1L in the pin table.
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Figure 7-7 show how the DQS/DQ groups are numbered in a package-bottom view
of the device. The numbering scheme starts from the top left side of the device going
counter-clockwise. The top and bottom sides of the HardCopy III device can contain
up to 38 x4 DQS/DQ groups; the left and right sides of the device can contain up to 26
x4 DQS/DQ groups.

The parity, DM, BWSn, ECC, and QVLD pins are shown as DQ pins in the pin table.
When not used as memory interface pins, these pins are available as regular I/O pins.

Figure 7-7. DQS Pins in HardCopy Il E 1/0 Banks

DQS38T DQS20T DQS19T DQS1T

DLLO

PLL_L1

PLL_T1 | PLL_T2

DLL3

PLL_R1

8A 8B 8C 7C 7B 7A

DQS1L

DQS13L

PLL_L2

PLL_L3

DQs14L

2C

2A

DQs26L

DQS26R

6A

6C

DQS14R

PLL_R2

PLL_R3

DQS13R

5C

5A

DQS1R

PLL L4

DLL1

3A 3B 3C 4C 4B 4A
PLL_R4

PLL_B1 | PLL_B2

T R

T
DQS1B

T T T
DQS19B DQS20B DQs38B

The DQ pin numbering is based on x4 mode. In x4 mode, there are up to eight
DQS/DQ groups per I/O bank. Each x4 mode DQS/DQ group consists of a DQS pin,
a DQSn pin, and four DQ pins. In x8/x9 mode, the I/O bank combines two adjacent
x4 DQS/DQ groups; one pair of DQS and DQSn/CQn pins can drive all the DQ and
parity pins in the new combined group that consists of up to 10 DQ pins (including
parity or DM and QVLD pins) and a pair of DQS and DQSn/CQn pins. Similarly, in
x16/x18 mode, the I/O bank combines four adjacent x4 DQS/DQ groups to create a
group with a maximum of 19 DQ pins (including parity or DM and QVLD pins) and a
pair of DQS and DQSn/CQn pins. In x32/x36 mode, the I/O bank combines eight
adjacent x4 DQS/DQ groups together to create a group with a maximum of 37 DQ
pins (including parity or DM and QVLD pins) and a pair of DQS and DQSn/CQn
pins.
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HardCopy III modular I/O banks allow easy formation of the DQS/DQ groups. If all
the pins in the I/O banks are user I/O pins and are not used for Ryp/Rpy OCT
calibration or PLL clock output pins, you can divide the number of I/O pins in the
bank by six to get the maximum possible number of x4 groups. You can then divide
that number by two, four, or eight to get the maximum possible number of x8/x9,
x16/x18, or x32/x36, respectively, as listed in Table 7—4. However, some of the pins in
the I/O bank may be used for other functions.

Table 7-4. DQ/DQS Group in HardCopy Il Modular I/0 Banks

. Maximum Possible Maximum Possible Maximum Possible Maximum Possible
Modular ";’1)3““" Size Number of x4 Number of x8/x3 | Number of x16/x18 | Number of x32/x36
Groups Groups Groups Groups
24 pins 4 (2) 2 1 0
32 pins 5 (3) 2 1 0
40 pins 6 3 1 0
48 pins 8 4 2 1

Notes to Tahle 7-4:

(1) This 1/0 pin count does not include dedicated clock inputs or the dedicated corner PLL clock inputs.
(2) Some of the x4 groups may use the Ryp and Rpy pins. You cannot use these groups if you use the HardCopy Il calibrated OCT feature.
(3) The actual maximum number of x4 groups for an I/0 bank with 32 pins is four in the HardCopy Il devices.

Optional Parity, DM, BWSn, ECC, and QVLD Pins

You can use any DQ pin from the same DQS/DQ group for data as parity pins in
HardCopy III devices. The HardCopy III device family supports parity in the x8/x9,
x16/x18, and x32/x36 modes. There is one parity bit available per eight bits of data
pins. Use any of the DQ (or D) pins in the same DQS/DQ group as data for parity
because parity bits are treated, set, and generated similar to a DQ pin.

DM pins are only required when writing to DDR3, DDR2, DDR SDRAM, and
RLDRAM II devices. QDRII+ and QDRII SRAM devices use the BiSn signal to select
which byte to write into the memory. A low on the DM or BWSn signals indicates the
write is valid. If the DM or BiSn signal is high, the memory masks the DQ signals. If the
system does not require write data masking, connect the memory DM pins low to
indicate every write data is valid. You can use any of the DQ pins in the same
DQS/DQ group as write data for the DM or BWSn signals.

Each group of DQS and DQ signals in DDR3, DDR2, and DDR SDRAM devices
requires a DM pin. There is one DM pin per RLDRAM II device and one BWSn pin
per nine bits of data in x9, x18, and x36 QDRII+/QDRII SRAM. The x8 QDRI SRAM
device has two BWSn pins per eight data bits, which are referred to as the NWSn pins.
Generate the DM or BWSn signals using DQ pins and configure the signals similarly to
the DQ (or D) output signals. HardCopy III devices do not support the DM signal in x4
DDR3 SDRAM or in x4 DDR2 SDRAM interfaces with differential DQS signaling.
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Some DDR3, DDR2, and DDR SDRAM devices or modules support error correction
coding (ECC), which is a method of detecting and automatically correcting errors in
data transmission. In 72-bit DDR3, DDR2, or DDR SDRAM interfaces, the typical
eight ECC pins are used in addition to the 64 data pins. Connect the DDR3, DDR?2,
and DDR SDRAM ECC pins to a HardCopy III device DQS/DQ group. These signals
are also generated similar to DQ pins. The memory controller requires encoding and
decoding logic for the ECC data. You can also use the extra byte of data for other error
checking methods.

QVLD pins are used in RLDRAM II and QDRII+ SRAM interfaces to indicate the read
data availability. There is one QVLD pin per memory device. A high on the QVLD pin
indicates that the memory is outputting the data requested. Similar to DQ inputs, this
signal is edge-aligned with the read clock signals (CQ/con in QDRII+/QDRII SRAM
and QK/QK# in RLDRAM II) and is sent half-a-clock cycle before data starts from the
memory. The QVLD pin is not used in the ALTMEMPHY solution for QDRII+ SRAM.

For more information about the parity, ECC, and QVLD pins, and when these pins are
treated as DQ pins, refer to “Data and Data Clock/Strobe Pins” on page 7—4.

Address and Control/Command Pins

Address and control/command signals are typically sent at single data rate. The only
exception is in QDRII SRAM burst-of-two devices, in which case the read address
must be captured on the rising edge of the clock and the write address must be
captured on the falling edge of the clock by the memory. There is no special circuitry
required for the address and control/command pins. You can use any of the user I/O
pins in the same I/O bank as the data pins.

Memory Clock Pins

In addition to DQS (and CQn) signals to capture data, DDR3, DDR2, DDR SDRAM,
and RLDRAM II use an extra pair of clocks, called CK and CK# signals, to capture the
address and control/command signals. The CK and CK# signals must be generated to
mimic the write data-strobe using HardCopy III DDR I/O registers (DDIOs) to ensure
that the timing relationships between the CK, CK#, and DQS signals (tDQSS in DDR3,
DDR2, and DDR SDRAM or tCKDK in RLDRAM II) are met. QDRI+ and

QDRII SRAM devices use the same clock (K/K#) to capture the data, address, and
control/command signals.

Memory clock pins in HardCopy III devices are generated using a DDIO register
going to differential output pins, marked in the pin table with DIFFOUT, DIFFIO TX,
and DIFFIO_RX prefixes. For more information about which pins to use for memory
clock pins, refer to Table 7-2 on page 7-6.
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Figure 7-8 shows memory clock generation for HardCopy III devices.

Figure 7-8. Memory Clock Generation Block Diagram (Note 1)
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Notes to Figure 7-8:
(1) For the pin location requirements for these pins, refer to Table 7-1 on page 7-4.

(2) Themem clk[0] and mem clk n[o] pins for DDR3, DDR2, and DDR SDRAM interfaces use the 1/0 input buffer for feedback. For memory
interfaces using a differential DQS input, the input feedback buffer is configured as differential input; for memory interfaces using a single-ended
DQS input, the input buffer is configured as a single-ended input. Using a single-ended input feedback buffer requires that Vger is provided to that
1/0 bank’s VREF pins.

HardCopy lll External Memory Interface Features

HardCopy III devices are rich with features that allow robust high-performance
external memory interfacing. The ALTMEMPHY megafunction allows you to set
these external memory interface features and helps set up the physical interface
(PHY) best suited for your system.

This section describes each HardCopy III device feature that is used in external
memory interfaces from the DQS phase-shift circuitry, DQS logic block, leveling
multiplexers, dynamic OCT control block, IOE registers, IOE features, and the PLL.

['=~ When using the Altera® memory controller MegaCore® functions, the PHY is
instantiated for you.

[~ The ALTMEMPHY megafunction and the Altera memory controller MegaCore
functions can run at half the frequency of the I/O interface of the memory devices to
allow better timing management in high-speed memory interfaces. HardCopy III
devices have built-in registers to convert data from full-rate (I/O frequency) to
half-rate (controller frequency) and vice versa. You can bypass these registers if your
memory controller is not running at half the rate of the I/O frequency.

“ e For more information about the ALTMEMPHY megafunction, refer to the External

Memory Interface Handbook.
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DQS Phase-Shift Circuitry

The HardCopy III phase-shift circuitry provides phase shift to the DQS and CQn pins
on read transactions when the DQS and CQn pins are acting as input clocks or strobes
to the HardCopy III device. The DQS phase-shift circuitry consists of DLLs that are
shared between multiple DQS pins and the phase-offset module to further fine-tune
the DQS phase shift for different sides of the device. Figure 7-9 shows how the DQS
phase-shift circuitry is connected to the DQS and CQn pins in the device.

Figure 7-9. DQS and CQn Pins and DQS Phase-Shift Circuitry
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The DQS phase-shift circuitry is connected to the DQS logic blocks that control each
DQS or COn pin. The DQS logic blocks allow the DQS delay settings to be updated
concurrently at every DQS or CQn pin.

DLL

DQS phase-shift circuitry uses a DLL to dynamically measure the clock period
required by the DQS/CQn pin. The DLL, in turn, uses a frequency reference to
generate dynamically controlled signals for the delay chains in each of the DQS and
CQn pins, allowing it to compensate for PVT variations. The DQS delay settings are
Gray-coded to reduce jitter when the DLL updates the settings. The phase-shift
circuitry requires a maximum of 1,280 clock cycles to calculate the correct input clock
period. Do not send data during these clock cycles because there is no guarantee that
it will be captured properly. Because the settings from the DLL may not be stable until
this lock period has elapsed, anything using these settings (including the leveling
delay system) may be unstable during this period.

"=~ You can still use the DQS phase-shift circuitry for any memory interfaces that are less
than 100 MHz. The DQS signal is shifted by 2.5 ns. Even if the DQS signal is not
shifted exactly to the middle of the DQ valid window, the IOE must be able to capture
the data in low frequency applications where a large amount of timing margin is
available.

There are four DLLs in a HardCopy III device, located in each corner of the device.
These four DLLs can support a maximum of four unique frequencies, with each DLL
running at one frequency. Each DLL can have two outputs with different phase
offsets, allowing one HardCopy III device to have eight different DLL phase shift
settings. Figure 7-10 shows the DLL and I/O bank locations in HardCopy III devices,
from a package-bottom view.

Altera recommends enabling the PLL reconfiguration feature and the DLL phase
offset feature (DLL reconfiguration) for HardCopy III devices. Because HardCopy III
devices are mask programmed, they cannot be changed after the silicon is fabricated.
By implementing these two features, you can perform timing adjustments to improve
or resolve timing issues after the silicon is fabricated.
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Figure 7-10. HardCopy Il DLL and 1/0 Bank Locations (Package-Bottom View)
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The DLL can access the two adjacent sides from its location within the device. For
example, DLLO on the top left of the device can access the top side (I/O banks 7A, 7B,
7C, 8A, 8B, and 8C) and the left side of the device (I/O banks 1A, 1C, 2A, and 2C).
This means that each I/O bank is accessible by two DLLSs, giving more flexibility to
create multiple frequencies and multiple-types interfaces. For example, you can
design an interface spanning one side of the device or two sides adjacent to the DLL.
The DLL outputs the same DQS delay settings for both sides of the device adjacent to
the DLL.
['=" Interfaces that span across two sides of the device are not recommended for
high-performance memory interface applications.
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Each bank can use settings from either or both DLLs of the adjacent bank. For
example, DQS1L can use phase-shift settings from DLLO0, and DQS2L can use phase-shift
settings from DLL1. Table 7-5 lists the DLL location and supported I/O banks for
HardCopy III devices.

You can only have one memory interface in I/O banks with the same I/O bank

number (such as I/O banks 1A and 1C) when you use the leveling delay chains
because there is only one leveling delay chain shared by these I/O banks.

Table 7-5. DLL Location and Supported 1/0 Banks

DLL Location Accessible 1/0 Banks

DLLO | Top left corner 1A, 1C, 2A, 2C, 7A, 7B, 7C, 8A, 8B, 8C
DLL1 Bottom left corner 1A, 1G, 2A, 2C, 3A, 3B, 3C, 4A, 4B, 4C
DLL2 Bottom right corner 3A, 3B, 3C, 4A, 4B, 4C, 5A, 5C, 6A, 6C
DLL3 Top right corner 5A, 5C, 6A, 6C, 7A, 7B, 7C, 8A, 8B, 8C

The reference clock for each DLL may come from the PLL output clocks or any of the
two dedicated clock input pins located in either side of the DLL. Table 7-6 through
Table 7-8 show the available DLL reference clock input resources for HardCopy III

devices.

Table 7-6. DLL Reference Clock Input for HG325W, and HC325F Devices

DLL CLKIN (Top/Bottom) CLKIN (Left/Right) PLL (Top/Bottom) | PLL (Left/Right)
DLLO | CLK12P, CLK13P, CLK14P, CLK15P | CLKOP, CLK1P, CLK2P, CLK3P PLL_T1 PLL_L2
DLL1 | CLK4P, CLK5P, CLK6P, CLK7P CLKOP, CLK1P, CLK2P, CLK3P PLL_B1 PLL_L2
DLL2 | CLK4P, CLK5P, CLK6P, CLK7P CLK8P, CLK9P, CLK10P, CLK11P PLL_B1 PLL_R2
DLL3 | CLK12P, CLK13P, CLK14P, CLK15P | CLK8P, CLK9P, CLK10P, CLK11P PLL_T1 PLL_R2

Table 7-7. DLL Reference Clock Input for HC335L and HC335F with F1152-Pin Package Devices

DLL CLKIN (Top/Bottom) CLKIN (Left/Right) PLL (Top/Bottom) | PLL (Left/Right)
DLLO | CLK12P, CLK13P, CLK14P, CLK15P | CLKOP, CLK1P, CLK2P, CLK3P PLL_T1 PLL_L2
DLL1 | CLK4P, CLK5P, CLK6P, CLK7P CLKOP, CLK1P, CLK2P, CLK3P PLL_B1 PLL_L3
DLL2 | CLK4P, CLK5P, CLK6P, CLK7P CLK8P, CLK9P, CLK10P, CLK11P PLL_B2 PLL_R3
DLL3 | CLK12P, CLK13P, CLK14P, CLK15P | CLK8P, CLK9P, CLK10P, CLK11P PLL_T2 PLL_R2

Table 7-8. DLL Reference Clock Input for HC335L and HC335F with F1517-Pin Package Devices

DLL CLKIN (Top/Bottom) CLKIN (Left/Right) PLL (Top/Bottom) | PLL (Left/Right)
DLLO | CLK12P, CLK13P, CLK14P, CLK15P | CLKOP, CLK1P, CLK2P, CLK3P PLL_T1 PLL_L1, PLL_L2
DLL1 | CLK4P, CLK5P, CLK6P, CLK7P CLKOP, CLK1P, CLK2P, CLK3P PLL_B1 PLL_L3, PLL_L4
DLL2 | CLK4P, GLK5P, CLK6P, CLK7P CLK8P, CLK9P, CLK10P, CLK11P PLL_B2 PLL_R3, PLL_R4
DLL3 | CLK12P, CLK13P, CLK14P, CLK15P | CLK8P, CLK9P, CLK10P, CLK11P PLL_T2 PLL_R1, PLL_R2
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When you have a dedicated PLL that only generates the DLL input reference clock, set
the PLL mode to No Compensation; otherwise, the Quartus II software changes it
automatically. Because the PLL does not use any other outputs, it does not have to
compensate for any clock paths.

Figure 7-11 shows a block diagram of the DLL. The input reference clock goes into the
DLL to a chain of up to 16 delay elements. The phase comparator compares the signal
coming out of the end of the delay chain block to the input reference clock. The phase
comparator then issues the upndn signal to the Gray-code counter. This signal

increments or decrements a six-bit delay setting (DQS delay settings) that increases or
decreases the delay through the delay element chain to bring the input reference clock
and the signals coming out of the delay element chain in phase.

Figure 7-11. Simplified Diagram of the DQS Phase Shift Circuitry (Note 1)
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(1) All features of the DQS phase-shift circuitry are accessible from the ALTMEMPHY MegaWizard Plug-In Manager in the Quartus Il software.

(2) Forexact PLL and input clock pin information, the input reference clock for the DQS phase-shift circuitry can come from a PLL output clock or an
input clock pin. For more information, refer to Table 7-6 through Table 7-8.

(3) Phase offset settings can go only to the DQS logic blocks.

(4) DQS delay settings can go to the core array, the DQS logic block, and the leveling circuitry.
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The DLL can be reset from either the core array or a user I/O pin. Each time the DLL
is reset, you must wait for 1,280 clock cycles before you can capture the data properly.

Depending on the DLL frequency mode, the DLL can shift the incoming DQS signals
by 0°,22.5°, 30°, 36°, 45°, 60°, 67.5°, 72°,90°, 108°, 120°, 135°, 144°, or 180°. The shifted
DQS signal is then used as the clock for the DQ IOE input registers.
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All DQS and CQn pins referenced to the same DLL can have their input signal phase
shifted by a different degree amount, but all must be referenced at one particular
frequency. For example, you can have a 90° phase shift on DQS1T and a 60° phase shift
on DQS2T referenced from a 200-MHz clock. However, not all phase-shift combinations
are supported. The phase shifts on the DQS pins referenced by the same DLL must all
be a multiple of 22.5° (up to 90°), a multiple of 30° (up to 120°), a multiple of 36° (up to
144°), or a multiple of 45° (up to 180°).

There are seven different frequency modes for the HardCopy IIl DLL, as shown in
Table 7-9. Each frequency mode provides different phase shift selections. In frequency
modes 0, 1, 2, and 3, the 6-bit DQS delay settings vary with PVT to implement the
phase-shift delay. In frequency modes 4, 5, and 6, only 5 bits of the DQS delay settings
vary to implement the phase-shift delay; the MSB of the DQS delay setting is set to 0.
“ e For the frequency range of each mode, refer to the DC and Switching Characteristics of
HardCopy 111 Devices chapter.

Table 7-9. DLL Frequency Modes in HardCopy Il Devices

Frequency Mode Das Del%ﬁ‘:ﬁ““g Bus Available Phase Shift Numl::e; a‘;;sn elay
0 6 bits 22.5°, 45°, 67.5°, 90° 16
1 6 bits 30°, 60°, 90°, 120° 12
2 6 bits 36°, 72°,108°, 144° 10
3 6 bits 45°, 90°, 135°, 180° 8
4 5 bits 30°, 60°, 90°, 120° 12
5 5 bits 36° 72°, 108°, 144° 10
6 5 bits 45°, 90°, 135°, 180° 8

For the 0° shift, the DQS signal bypasses both the DLL and the DQS logic blocks. The
Quartus II software automatically sets the DQ input delay chains so that the skew
between the DQ and DQS pin at the DQ IOE registers is negligible when the 0° shift is
implemented. You can feed the DQS delay settings to the DQS logic block and the core
array.

The shifted DQS signal goes to the DQS bus to clock the IOE input registers of the DQ
pins. The signal can also go into the core array for resynchronization if you are not
using the IOE resynchronization registers. The shifted COn signal can only go to the
negative-edge input register in the DQ IOE and is only used for QDRII+ and QDRII
SRAM interfaces.

Phase Offset Gontrol

Each DLL has two phase-offset modules and can provide two separate DQS delay
settings with independent offset, one for the top and bottom I/O banks and one for
the left and right I/O banks, so you can fine-tune the DQS phase shift settings
between two different sides of the device. Even though you have an independent
phase offset control, the frequency of the interface using the same DLL must be the
same. Use the phase offset control module for making small shifts to the input signal
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and use the DQS phase-shift circuitry for larger signal shifts. For example, if the DLL
only offers a multiple of a 30° phase shift, but your interface requires a 67.5° phase
shift on the DQS signal, you can use two delay chains in the DQS logic blocks to give
you a 60° phase shift and use the phase offset control feature to implement the extra
7.5° phase shift.

You can use either a static phase offset or a dynamic phase offset to implement the
additional phase shift. The available additional phase shift is implemented in
2’s-complement in Gray-code between settings —64 to +63 for frequency modes 0, 1, 2,
and 3, and between settings —32 to +31 for frequency modes 4, 5, and 6. The DQS
phase shift is the sum of the DLL delay settings and the user selected phase offset
settings, which reaches a maximum at setting 64 for mode frequency modes 0, 1, 2
and 3, and a maximum at setting 32 for frequency modes 4, 5, and 6. The actual
physical offset setting range is 64 or 32 subtracted by the DQS delay settings from the
DLL.

You must monitor the DQS delay settings to determine how many offsets you can add
and subtract in the system.

[l =~ The DQS delay settings output by the DLL are also Gray-coded.

For example, if the DLL determines that a DQS delay setting of 28 is required to
achieve a 30° phase shift in DLL frequency mode 1, you can subtract up to 28 phase
offset settings and add up to 35 phase offset settings to achieve the optimal delay that
you need. However, if the same DQS delay setting of 28 is required to achieve a 30°
phase shift in DLL frequency mode 4, you can still subtract up to 28 phase offset
settings, but you can only add up to 3 phase offset settings before the DQS delay
settings reach their maximum settings. This is because DLL frequency mode 4 only
uses 5-bit DLL delay settings.

“%e Forinformation about the value for each step, refer to the DC and Switching

Characteristics of HardCopy III Devices chapter.

If you use the static phase offset, specify the phase-offset amount in the
ALTMEMPHY megafunction as a positive number for addition or a negative number
for subtraction. You can also have a dynamic phase offset that is always added to,
subtracted from, or both added to and subtracted from the DLL phase shift. When
you always add or subtract, you can dynamically input the phase offset amount into
the d11_offset [5..0] port. When you want to both add and subtract dynamically,
you control the addnsub signal in addition to the d11_offset [5..0] signals.
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DQS Logic Block

Each DQS and CQn pin is connected to a separate DQS logic block, which consists of
the DQS delay chains, the update enable circuitry, and the DQS postamble circuitry as
shown in Figure 7-12.

Figure 7-12. DQS Logic Block in HardCopy Il Devices
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Notes to Figure 7-12:
(1) The dgsenable signal can also come from the HardCopy Ill core fabric.

(2) The input reference clock for the DQS phase-shift circuitry can come from a PLL output clock or an input clock pin. For the exact PLL and input
clock pin, refer to Table 7-6 through Table 7-8.

DQS Delay Chain

The DQS delay chains consist of a set of variable delay elements to allow the input
DQS and CQn signals to be shifted by the amount specified by the DQS phase-shift
circuitry or the core array. There are four delay elements in the DQS delay chain; the
first delay chain closest to the DQS pin can be shifted either by the DQS delay settings
or by the sum of the DQS delay setting and the phase-offset setting. The number of
delay chains required is transparent to you because the ALTMEMPHY megafunction
automatically sets it when you choose the operating frequency. The DQS delay
settings can come from the DQS phase-shift circuitry on either end of the I/O banks or
from the core array.
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The delay elements in the DQS logic block have the same characteristics as the delay
elements in the DLL. When the DLL does not control the DQS delay chains, you can
input your own Gray-coded 6-bit or 5-bit settings using the dgs_delayctrlin[5..0]
signals available in the ALTMEMPHY megafunction. These settings control 1, 2, 3, or
all 4 delay elements in the DQS delay chains. The ALTMEMPHY megafunction can
also dynamically choose the number of DQS delay chains required for the system. The
amount of delay is equal to the sum of the delay element’s intrinsic delay and the
product of the number of delay steps and the value of the delay steps.

You can also bypass the DQS delay chain to achieve a 0° phase shift.

For more information about the ALTMEMPHY megafunction, refer to the External
Memory Interface Handbook.

Update Enable Circuitry

Both the DQS delay settings and the phase-offset settings pass through a register
before entering the DQS delay chains. The registers are controlled by the update
enable circuitry to allow enough time for changes in the DQS delay setting bits to
arrive at all the delay elements. This allows them to be adjusted at the same time. The
update enable circuitry enables the registers to allow enough time for the DQS delay
settings to travel from the DQS phase-shift circuitry or core logic to all the DQS logic
blocks before the next change. It uses the input reference clock or a user clock from the
core to generate the update enable output. The ALTMEMPHY megafunction uses this
circuit by default. Figure 7-13 shows an example waveform of the update enable
circuitry output.

Figure 7-13. DQS Update Enable Waveform
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DQS Postamble Circuitry

For external memory interfaces that use a bidirectional read strobe such as DDR3,
DDR2, and DDR SDRAM, the DQS signal is low before going to or coming from a
high-impedance state. The state where DQS is low, just after a high-impedance state,
is called the preamble state; the state where DQS is low, just before it returns to a
high-impedance state, is called the postamble state. There are preamble and
postamble specifications for both read and write operations in DDR3, DDR2, and
DDR SDRAM.
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The DQS postamble circuitry, shown in Figure 7-14, ensures that data is not lost when
there is noise on the DQS line at the end of a read postamble time. HardCopy III
devices have a dedicated postamble register that can be controlled to ground the
shifted DQS signal used to clock the DQ input registers at the end of a read operation.
This ensures that any glitches on the DQS input signals at the end of the read
postamble time do not affect the DQ IOE registers.

Figure 7-14. DQS Postamble GCircuitry in HardCopy Ill Devices
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In addition to the dedicated postamble register, HardCopy III devices also have an
HDR block inside the postamble enable circuitry. These registers are used if the
controller is running at half the frequency of the I/Os.

Using the HDR block as the first stage capture register in the postamble enable
circuitry block in Figure 7-14 is optional. The HDR block is clocked by the half-rate
resynchronization clock, which is the output of the I/O clock divider circuit (shown in
Figure 7-20). The AND gate after the postamble register outputs is used to avoid
postamble glitches from a previous read burst on a non-consecutive read burst. This
scheme allows a half-a-clock cycle latency for dgsenable assertion and zero latency for
dgsenable deassertion, as shown in Figure 7-15.
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Figure 7-15. Avoiding Glitch on a Non-Consecutive Read Burst Waveform
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Leveling Circuitry

DDR3 SDRAM unbuffered modules use a fly-by clock distribution topology for better
signal integrity. This means that the CK/CK# signals arrive at each DDR3 SDRAM
device in the module at different times. The difference in arrival time between the first
DDR3 SDRAM device and the last device on the module can be as long as 1.6 ns.
Figure 7-16 shows the clock topology in DDR3 SDRAM unbuffered modules.

Figure 7-16. DDR3 SDRAM Unbuffered Module Clock Topology
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Because the data and read strobe signals are still point-to-point, special consideration
must be taken to ensure that the timing relationship between the CK/Ck# and DQS
signals (tDQSS) during a write is met at every device on the modules. Furthermore,
read data returning to the HardCopy III ASIC from the memory is also staggered in a
similar way. HardCopy III ASICs have leveling circuitry to compensate for the
different CK/CK# arrival time at each device in the memory module.

There is one group of leveling circuitry per I/O bank, with the same I/O number (for
example, there is one leveling circuitry shared between I/O bank 1A and 1C) located
in the middle of the I/O bank. These delay chains are PVT-compensated by the same
DQS delay settings as the DLL and DQS delay chains. The generated clock phases are
distributed to every DQS logic block that is available in the I/O bank. The delay chain
taps, then feeds a multiplexer controlled by the ALTMEMPHY megafunction to select
which clock phases are to be used for that x4 or x8 DQS group. Each group can use a

different tap output from the read-leveling and write-leveling delay chains to
compensate for the different CK/Ck# delay going into each device on the module.

Figure 7-17 and Figure 7-18 show the HardCopy III read-and-write leveling circuitry.

Figure 7-17. Write-Leveling Delay Chains for HardCopy Ill Devices (Noie 1)
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Note to Figure 7-17:

(1) There is only one leveling delay chain per 1/0 bank with the same I/0 number (for example, 1/0 banks 1A and 1C). You can only have one memory
controller in these 1/0 banks when you use the leveling delay chains.

Figure 7-18. Read-Leveling Delay Chains and Multiplexers for HardCopy lll Devices (Note 1)
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Note to Figure 7-18:

(1) There is only one leveling delay chain per I/0 bank with the same I/0 number (for example, 1/0 banks 1A and 1C). You can only have one memory
controller in these 1/0 banks when you use the leveling delay chains.

The -90° write clock of the ALTMEMPHY megafunction feeds the write-leveling
circuitry to produce the clock to generate the DQS and DQ signals. During
initialization, the ALTMEMPHY megafunction picks the correct write-leveled clock
for the DQS and DQ clocks for each DQS/DQ group after sweeping all the available
clocks in the write calibration process. The DQ clock output is —90° phase-shifted
compared to the DQS clock output.
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Similarly, the resynchronization clock feeds the read-leveling circuitry to produce the
optimal resynchronization and postamble clock for each DQS/DQ group in the
calibration process. The resynchronization and postamble clocks can use different
clock outputs from the leveling circuitry. The output from the read-leveling circuitry
can also generate the half-rate resynchronization clock that goes to the core fabric.
“ e The ALTMEMPHY megafunction calibrates the alignment for read and write leveling
dynamically during the initialization process. For more information about the
ALTMEMPHY megafunction, refer to the External Memory Interface Handbook.

Dynamic On-Chip Termination Control

Figure 7-19 shows the dynamic OCT control block. The block includes all the registers
required to dynamically turn OCT on during a read and turn OCT off during a write.

«® For more information about OCT, refer to “OCT” on page 7-31, or to the HardCopy 111
Device 1/O Features chapter.

Figure 7-19. Dynamic OCT Control Block in HardCopy Il Devices
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Note to Figure 7-19:
(1) The write clock comes from either the PLL or the write-leveling delay chain.

1/0 Element Registers

The IOE registers have been expanded to allow source-synchronous systems to have
faster register-to-register transfers and resynchronization. Both top, bottom, left, and
right IOEs have the same capability, although left and right IOEs have extra features
to support LVDS data transfer.
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Figure 7-20 shows the registers available in the HardCopy III input path. The input
path consists of the DDR input registers, resynchronization registers, and HDR block.
You can bypass each block of the input path.

Figure 7-20. 10E Input Registers in HardCopy Ill Devices (Note 1)

DQ

Qs (3)
=

can (4)

Half Data Rate Registers
Alignment & Synchronization Registers P!
Double Data Rate Input Registers To Core (rdata0)
D Q 4
D Q —
DFF
DFF
Input Reg A To Core
(rdatat) dataoutbypass
D Q o o @ ®
5 neg reg_out| ) o
<
oFF DFF
oFF DFF -
Input Reg B, Input Reg C,
To Core (data2)
b Q @)
*—
o
1 DFF
To Core
(rdatad)
D Q b o
& q
Resynchronization
Clock DFF DFF

Notes to Figure 7-20:

(resync_clk_2x)
()

1/0 Clock
Divider ()

to core (7)

Half-Rate Resynchronization Clock (resync_clk_1x)

1) You can bypass each register block in this path.
) This is the 0-phase resynchronization clock from the read-leveling delay chain.
) The input clock can be from the DQS logic block (whether the postamble circuitry is bypassed or not) or from a global clock line.
4) This input clock comes from the CQn logic block.
) This resynchronization clock can come either from the PLL or from the read-leveling delay chain.
) The 1/0 clock divider resides adjacent to the DQS logic block. In addition to the PLL and read levelled resync clock, the 1/0 clock divider can also

be fed by the DQS bus or CQn bus.
(7) The half-rate data and clock signals feed into a FIFO in the core.
(8) You can change the dataoutbypass signal dynamically after the device enters user mode.
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There are three registers in the DDR input registers block. Two registers capture data
on the positive and negative edges of the clock, while the third register aligns the
captured data. You can choose to have the same clock for the positive edge and
negative edge registers, or two different clocks (DQS for positive-edge register and
CQn for negative-edge register). The third register that aligns the captured data uses
the same clock as the positive-edge register.

The resynchronization registers consist of up to three levels of registers to
resynchronize the data to the system clock domain. These registers are clocked by the
resynchronization clock that is either generated by the PLL or the read-leveling delay
chain. The outputs of the resynchronization registers can go straight to the core or to
the HDR blocks, which are clocked by the divided-down resynchronization clock.

For more information about the read-leveling delay chain, refer to “Leveling
Circuitry” on page 7-26.
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Figure 7-21 shows the registers available in the HardCopy III output and
output-enable paths. The path is divided into the HDR block, resynchronization
registers, and output/output-enable registers. The device can bypass each block of the
output and output-enable path.

Figure 7-21. 10E Output and Output-Enable Path Registers in HardCopy Il Devices (Note 1)
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Notes to Figure 7-21:

1) You can bypass each register block of the output and output-enable paths.

Data coming from the ASIC core are at half the frequency of the memory interface.
Half-rate and alignment clocks come from the PLL.

These registers are only used in DDR3 SDRAM interfaces.

The write clock can come from either the PLL or from the write-leveling delay chain. The DQ write clock and DQS write clock have a 90° offset
between them.

The output path is designed to route combinational or registered SDR outputs and
full-rate or half-rate DDR outputs from the core. Half-rate data is converted to
full-rate data using the HDR block, clocked by the half-rate clock from the PLL. The
resynchronization registers are also clocked by the same 0° system clock, except in the
DDR3 SDRAM interface. In DDR3 SDRAM interfaces, the leveling registers are
clocked by the write-leveling clock.

For more information about the write leveling delay chain, refer to “Leveling
Circuitry” on page 7-26.

The output-enable path has a structure similar to the output path. You can have a
combinational or registered output in SDR applications and you can use half-rate or
full-rate operation in DDR applications. You also have the resynchronization registers
similar to the output path registers’ structure, ensuring that the output enable path
goes through the same delay and latency as the output path.
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I0E Features

This section describes how OCT, delay chains, output delay, slew rate control, and
drive strength setting are useful in memory interfaces.

['=" These IOE features are mask programmed and cannot be changed after the silicon is

fabricated.

“ e For more information about the features listed below, refer to the HardCopy I1I Device
I/O Features chapter.
OCT

HardCopy III devices feature dynamic calibrated OCT, in which the series
termination (OCT Rg) is turned on when driving signals and turned off when
receiving signals, and the parallel termination (OCT Ry) is turned off when driving
signals and turned on when receiving signals. This feature complements the
DDR3/DDR2 SDRAM on-die termination (ODT), in which the memory termination is
turned off when the memory is sending data and turned on when receiving data. You
can use OCT for other memory interfaces to improve signal integrity.

['=”  You cannot use the drive strength and slew rate features when using OCT Rs.

To use the dynamic calibrated OCT feature, you must use the Ryp and Rpy pins to
calibrate the OCT calibration block. You can use one OCT calibration block to calibrate
one type of termination with the same Vo on the entire device. There are up to eight
OCT calibration blocks to allow for different types of terminations throughout the
device. For more information, refer to “Dynamic On-Chip Termination Control” on
page 7-28.

L=~ You have the option to use the OCT Rg feature with or without calibration. However,
the OCT Ry feature is only available with calibration.

You can also use the Ryp and Rpy pins as DQ pins, so you cannot use the DQS/DQ
groups where the Ryp and Rpy pins are located if you are planning to use dynamic
calibrated OCT. The Ryp and Rpy pins are located in the first and last x4 DQS/DQ

group on each side of the device.

Use the OCT Ry or Rg setting for unidirectional read-and-write data and a dynamic
OCT setting for bidirectional data signals.

I0E Delay Chains

You can use the delay chains in the HardCopy III I/O registers as deskewing circuitry.
Each pin can have a different input delay from the pin to the input register or a delay
from the output register to the output pin to ensure that the bus has the same delay
going into or out of the device. This feature helps read and write time margins
because it minimizes the uncertainties between signals in the bus.
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Output Buffer Delay

In addition to allowing for output buffer duty-cycle adjustment, the output buffer
delay chain allows you to adjust the delays between the data bits in your output bus
to introduce or compensate channel-to-channel skew. Incorporating skew to the
output bus can help minimize simultaneous switching events by enabling smaller
parts of the bus to switch simultaneously instead of the whole bus. This feature is
useful in DDR3 SDRAM interfaces where the memory system clock delay can be
much larger than the data and data clock/strobe delay. You can use this delay chain to
add delay to the data and data clock/strobe to better match the memory system clock
delay.

Slew Rate Control

HardCopy III devices provide four levels of static output slew rate control—0, 1, 2,
and 3; Level 0 is the slowest slew rate setting and level 3 is the fastest slew rate setting.
The default setting for the HSTL and SSTL I/O standards is 3. A fast slew rate setting
allows you to achieve higher I/O performance; a slow slew-rate setting reduces
system noise and signal overshoot. This feature is disabled if you use the OCT Rg
features.

Drive Strength

You can choose the optimal drive strength required for your interface after
performing board simulation. Higher drive strength helps provide a larger voltage
swing, which in turn provides bigger eye diagrams with greater timing margin.
However, higher drive strengths typically require more power, result in faster slew
rates, and add to simultaneous switching noise (SSN). You can use the slew rate
control with this feature to minimize SSN with higher drive strengths. This feature is
also disabled if you use the OCT Rg feature, which is the default drive strength in
HardCopy III devices. Use the OCT Ry/Rg setting for unidirectional read-and-write
data and the dynamic OCT setting for bidirectional data signals. You must simulate
the system to determine the drive strength required for command, address, and clock
signals.

PLL

You can use PLLs to generate the memory interface controller clocks, such as the

0° system clock, the —-90° or 270° phase-shifted write clock, the half-rate PHY clock,
and the resynchronization clock. You can also use the PLL reconfiguration feature to
calibrate the resynchronization phase shift to balance the setup and hold margin. The
VCO and counter setting combinations may be limited for high-performance memory
interfaces.

Altera recommends enabling the PLL reconfiguration feature and the DLL phase
offset feature (DLL reconfiguration) for HardCopy III devices. Because HardCopy III
devices are mask programmed, they cannot be changed after the silicon is fabricated.
By implementing these two features, you can perform timing adjustments to improve
or resolve timing issues after the silicon is fabricated.
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PLL reconfiguration is not required for the ALTMEMPHY AFI because it uses

auto-calibration. Adding PLL reconfiguration adds very little value and the
ALTMEMPHY IP which is generated is not PLL-reconfiguration friendly. Altera
strongly recommends implementing PLL reconfiguration for the UniPHY IP.

For more information about HardCopy III PLLs, refer to the Clock Networks and PLLs

in HardCopy III Devices chapter.

Document Revision History

Table 7-10 lists the revision history for this chapter.

Table 7-10. Document Revision History

Date Version Changes
m Updated DLLx numbering in Figure 7—1, Figure 7-3, Figure 7—4, Figure 7-5, Figure 7-6,
March 2012 3.9 Figure 77, and Figure 7-8.
m Updated DLLx numbering in Table 7-5, Table 7-6, Table 77, and Table 7-8.
m Updated Figure 7-1.
m Updated Table 7-2 and Table 7-6.
January 2011 31 m Updated to include UniPhy IP information.
m Changed the External DDR Memory PHY Interface Megafunction User Guide
(ALTMEMPHY) link to the External Memory Interface Handbook link.
m Minor text edits.
m Updated Table 7-1, Table 7-2, and Table 7-5.
m Added Figure Table 7-8.
June 2009 3.0
m Updated “DLL” on page 7-19.
m Removed “Conclusion” and “Referenced Documents” sections.
December 2008 2.0 Format changes.
May 2008 1.0 Initial release.
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=0/ 8. High-Speed Differential 1/0 Interfaces

o and DPA in HardCopy Ill Devices

il

The HardCopy® III device family offers up to 1.25-Gbps differential I/O capabilities
to support source-synchronous communication protocols such as Utopia, RapidIO®,
XSBI, SGMII, SFI, and SPI. HardCopy III and Stratix® III devices have identical
circuitry for high-speed differential I/O interfaces and dynamic phase alignment
(DPA). HardCopy III high-speed 1/Os support the same I/O standards and
implementation guidelines as Stratix III devices. You can prototype high-speed
interfaces with Stratix III devices and map the design to HardCopy III devices.

Because of differences in resource availability, you must set the HardCopy III
companion device option in the Quartus® II software to map your Stratix III project to
a HardCopy III device.

HardCopy III devices have the same dedicated circuitry as Stratix III devices for
high-speed differential I/O support:

m Differential I/O buffer

m Transmitter serializer

B Receiver deserializer

m Data realignment

m DPA

m Synchronizer (FIFO buffer)

B Analog phase-locked looks (PLLs) located on the left and right sides of the device

For high-speed differential interfaces, HardCopy III devices support the following
differential I/O standards:

m Low voltage differential signaling (LVDS)

®  Mini-LVDS

m Reduced swing differential signaling (RSDS)
m Differential HSTL

m Differential SSTL

You can use HSTL and SSTL 1/0O standards only for PLL clock inputs and outputs in
differential mode.

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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1/0 Banks

HardCopy III I/Os are divided into 12 to 20 I/O banks. The dedicated circuitry that
supports high-speed differential I/Os is located in the left and right (row) I/O banks
of the device. Figure 8-1 shows the different banks and the I/O standards supported

by the banks.

Figure 8-1. 1/0 Banks in HardCopy Il Devices (Note 1), (2), (3), (4), (5), (6)
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Notes to Figure 8-1:

M
(2)

The 1152- and 1517-pin packages have 20 I/0 banks. The 780-pin package has 16 /0 banks. The 484-pin package has 12 1/0 banks.

@)

(

4
5

(®)
(6)

6

)

Figure 81 is a top view of the silicon die that corresponds to a reverse view for flip-chip packages. It is a graphical representation only. For exact
locations, refer to the pin list and Quartus Il software.

Differential HSTL and SSTL 1/0s use two single-ended outputs with the second output programmed as inverted for the transmitter and uses a true
SSTL/HSTL differential input buffer for the receiver.

Top and bottom I/0 differential HSTL and SSTL inputs use LVDS differential input buffers without on-chip differential termination support.
Top and bottom I/0 supports LVDS outputs using single-ended buffers and external resistor networks.

The PLL blocks are shown for location purposes only and are not considered additional banks. The PLL input and output uses the I/0s in adjacent
banks.

HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration

January 2011 Altera Corporation

Downloaded from AFFOW.Com.


http://www.arrow.com

Chapter 8: High-Speed Differential 1/0 Interfaces and DPA in HardCopy Il Devices 8-3
LVDS Channels

LVDS Channels

HardCopy III devices support LVDS on both row I/0O banks and column I/O banks.
There are true LVDS input and output buffers on row I/O banks. On column I/O
banks, there are true LVDS input buffers but neither true LVDS output buffers nor
dedicated high-speed circuitry. However, you can configure all column user I/Os,
including I/Os with true LVDS input buffers, as emulated LVDS output buffers.
Table 8-1 lists the LVDS channels supported in HardCopy III device row I/O banks.

Table 8-1. LVDS Channels Supported in HardCopy Il Device Left and Right (Row) I/0 Banks
(Note 1), (2), (3)

HardCopy Ill | 484 - Pin FineLine | 780 - Pin FinelLine 1152-Pin 1517-Pin FinelLine
Device BGA BGA FineLine BGA BGA (4)
HC325W 48Rx + 48Tx 48Rx + 48Tx — —
HC325F 48Rx + 48Tx 56Rx + 56Tx — —
HC335L — — 88Rx + 88Tx 88Rx + 88Tx (5)
HC335F — — 88Rx + 88Tx 88Rx + 88Tx (5)

Downloaded from AFFOW.Com.

Notes to Table 8-1:

(1) The LVDS channel count does not include dedicated clock input pins.

(2) The HardCopy Il device family does not offer a 1760-pin package.

(3) Rx=true LVDS input buffers with OCT RD, Tx = true LVDS output buffers, and eTx = emulated LVDS output buffers
(either LVDS_E_1R or LVDS_E_3R).

(4) The HardCopy Il device family does not offer a 1517-pin package for Stratix |1l EP3SL110 and EP3SL150

prototype devices.

(5) Stratix Ill devices EP3SL340F1517 and EP3SE260F1517 offer 112Rx + 112Tx or 224eTx channels, and thus have
more transceiver channels than HardCopy Il devices.

Table 8-2 lists the LVDS channels supported in HardCopy III device column I/O

banks.

Table 8-2. LVDS Channels Supported in HardCopy Il Device Top and Bottom (Column) I/0
Banks (Note 1), (2), (3) (Part 1 of 2)

HardGopy W Device | pinct "oy | Fitoline BBA | Finolic BBA | FinoLine BEA
24Rx + 24eTx 48Rx + 48eTx
HC325W or or — —
48eTx 96eTx
24Rx + 24eTx | 64Rx + 64eTx
HC325F or or — —
48eTx 128eTx
96Rx + 96eTx 128Rx + 128eTx
HC335L — — or or
192eTx 256eTx (4)
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Table 8-2. LVDS Channels Supported in HardCGopy lll Device Top and Bottom (Column) /0
Banks (Note 1), (2), (3) (Part 2 of 2)

HardCopy Il Device | 2t-Pt, | (R -SBGA | FinoLeoBGA | FinLine BGA
96Rx + 96eTx | 128Rx + 128eTx
HC335F — — or or
1926Tx 2566Tx (4)

Notes to Table 8-2:

(1) The LVDS channel count does not include dedicated clock input pins.

(2) LVDS input buffers at top and bottom I/0 banks are true LVDS input buffers. All user 1/0s, including 1/0s with true
LVDS input buffers, can be configured as emulated LVDS output buffers.

(3) Rx=true LVDS input buffers with OCT RD, Tx = true LVDS output buffers, and eTx = emulated LVDS output buffers
(either LVDS_E_1R or LVDS_E_3R).

(4) The HardCopy IlI device family does not offer a 1517-pin package for Stratix [Il EP3SL110 and EP3SL150 prototype
devices.

For more information about high-speed differential I/O interfaces and DPA, refer to
“Design Recommendations” on page 8-22 and “Differences Between Stratix III and
HardCopy III Devices” on page 8-23.

Differential Transmitter

HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration

Downloaded from AFFOW.Com.

The HardCopy III transmitter has dedicated circuitry to provide support for LVDS
signaling. The dedicated circuitry consists of a differential buffer, a serializer, and a
shared analog PLL (left or right PLL). The differential buffer can drive out LVDS,
mini-LVDS, and RSDS signaling levels. The serializer takes up to 10 bits-wide parallel
data from the FPGA core, clocks it into the load registers, and serializes it using shift
registers clocked by the left or right PLL before sending the data to the differential
buffer. The MSB of the parallel data is transmitted first.

The load and shift registers are clocked by the load enable (1oad_en) signal and the
diffioclk (clock running at serial data rate) signal generated from PLL_Lx (left PLL)
or PLL_Rx (right PLL). You can statically set the serialization factor to x4, x6, x7, x8, or
x10 by using the Quartus II software. The load enable signal is derived from the
serialization factor setting. Figure 8-2 is a block diagram of the HardCopy III
transmitter.

January 2011 Altera Corporation


http://www.arrow.com

Chapter 8: High-Speed Differential 1/0 Interfaces and DPA in HardCopy Il Devices 8-5

Differential Transmitter

Figure 8-2. Transmitter for HardCopy lll Devices
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diffioclk

PLL_Lx/
PLL_Rx load_en

You can configure the HardCopy III transmitter data channel to generate a source
synchronous transmitter clock output, allowing you to place the output clock near the
data outputs to simplify board layout and reduce clock-to-data skew. Different
applications often require specific clock-to-data alignments or specific data rate to
clock rate factors. The transmitter can output a clock signal at the same rate as the
data. Depending on the serialization factor, the output clock can also be divided by a
factor of 2, 4, 8, or 10. You can set the phase of the clock in relation to the data at 0° or
180° (edge or center aligned). The left and right PLLs (PLL Lx and PLL_Rx) provide
additional support for other phase shifts in 45° increments. These settings are made
statically in the Quartus Il MegaWizard™ Plug-In Manager. Figure 8-3 shows the
HardCopy III transmitter in clock output mode.

Figure 8-3. Transmitter in Clock Output Mode for HardCopy Il Devices

Transmitter Circuit
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> >
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Differential Receiver

You can bypass the HardCopy III serializer to support double data rate (DDR) (x2)

and single data rate (SDR) (x1) operations to achieve a serialization factor of 2 and 1,
respectively. The I/O element (IOE) contains two data output registers that can each
operate in either DDR or SDR mode. The clock source for the registers in the IOE can
come from any routing resource, from the left or right PLL (PLL_Lx/PLL_Rx), or from
the top or bottom (PLL_Tx/PLL_Bx) PLL. Figure 8—4 shows the serializer bypass path.

Figure 8-4. Serializer Bypass for HardCopy Il Devices

IO Supports SDR, DDR, or
Non-Registered Data Path

Txclkout+
— =8

Txclkout—

Internal Logic —
Serializer

Not used (connection exists)

Differential Receiver

HardCopy III devices have dedicated circuitry for receiving high-speed differential
signals. Figure 8-5 shows a HardCopy III receiver block diagram. The receiver has a
differential buffer, a shared PLL_Lx/PLL Rx, DPA, synchronization FIFO buffer, data
realignment block, and a deserializer. The differential buffer can receive LVDS,
mini-LVDS, and RSDS signal levels, which are statically set in the Quartus II software
Assignment Editor. The PLL receives the external source clock input that is
transmitted with the data and generates different phases of the same clock. The DPA
block chooses one of the clocks from the left or right PLL and aligns the incoming data
on each channel.

Figure 8-5. Receiver Block Diagram for HardCopy lll Devices

DPA Bypass Multiplexer
|
Input data stream”|" >>—¢ Q Data [
- Realignment] 10
—> Circuitry Internal
Logic
] Dedicated
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Interface
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Eight Phase Clocks ———
8
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" Global Clock
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Receiver Data Realignment Circuit (Bit Slip)

The synchronizer circuit is a 1-bit wide by 6-bit deep FIFO buffer that compensates for
any phase difference between the DPA clock and the data realignment block. If
necessary, the data realignment circuit inserts a single bit of latency in the serial bit
stream to align to the word boundary. The deserializer includes shift registers and
parallel load registers and sends a maximum of 10 bits to the internal logic. The data
path in the HardCopy III receiver is clocked by either a diffioclk signal or the DPA
recovered clock. You can statically set the deserialization factor to 4, 6, 7, 8, or 10 by
using the Quartus II software. The left or right PLLs (PLL_Lx/PLL Rx) generate the
load enable signal, which is derived from the deserialization factor setting.

You can bypass the HardCopy III deserializer in the Quartus Il MegaWizard Plug-In
Manager to support DDR (x2) or SDR (x1) operations. You cannot use the DPA and
the data realignment circuit when you bypass the deserializer. The IOE contains two
data input registers that can operate in DDR or SDR mode. The clock source for the
registers in the IOE can come from any routing resource, from the left or right PLLs, or
from the top or bottom PLLs. Figure 8-6 shows the deserializer bypass data path.

Figure 8-6. Deserializer Bypass

|0E Supports SDR, DDR, or
Non-Registered Data Path

Deserializer,

HardCopy
Logic Array

DPA
Circuitry

Receiver Data Realignment Circuit (Bit Slip)

Skew in the transmitted data, along with skew added by the link, causes
channel-to-channel skew on the received serial data streams. If the DPA is enabled,
the received data is captured with different clock phases on each channel. This may
cause the received data to be misaligned from channel to channel. To compensate for
this channel-to-channel skew and establish the correct received word boundary at
each channel, each receiver channel has a dedicated data realignment circuit that
realigns the data by inserting bit latencies into the serial stream.

An optional RX_CHANNEL DATA ALIGN port controls the bit insertion of each receiver
independently controlled from the internal logic. The data slips one bit for every pulse
on RX CHANNEL DATA ALIGN. The following conditions are required for the
RX_CHANNEL DATA ALIGN signal:

m  The minimum pulse width is one period of the parallel clock in the logic array
B The minimum low time between pulses is one period of the parallel clock
m There is no maximum high or low time

m Valid data is available two parallel clock cycles after the rising edge of
RX_CHANNEL DATA ALIGN

January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration
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Dynamic Phase Aligner

Figure 8-7 shows the receiver output (rx_out) after one bit slip pulse with the
serialization factor set to 4.

Figure 8-7. Data Realignment Timing

ik /N / _/ __/
min X8 X2 10X 0 X8X2 X1 X0 X8 X2 X1 X0

rx_outclock

rx_channel_data_align

rx_out 3210 321x xx21 0321

The data realignment circuit can have up to 11 bit-times of insertion before a rollover
occurs. The bit rollover point can be from 1 to 11 bit-times, independent of the
deserialization factor. An optional status port, rx_cda_max, is available to the FPGA
from each channel to indicate when the preset rollover point is reached.

Dynamic Phase Aligner

The dynamic phase aligner (DPA) block takes in high-speed serial data from the
differential input buffer and selects one of the eight phase clocks from the left or right
PLL to sample the data. The DPA chooses a phase closest to the phase of the serial
data. The maximum phase offset between the received data and the selected phase is
1/8 unit interval (UI), which is the maximum quantization error of the DPA. The eight
phases of the clock are equally divided, giving a 45° resolution. Figure 8-8 shows the
possible phase relationships between the DPA clocks and the incoming serial data.

Figure 8-8. DPA Clock Phase to Serial Data Timing Relationship
min X Do X Dt X D2 X D38 X D4 X Do X

—| | |‘*Tvc04'|
0.125T o

The DPA block continuously monitors the phase of the incoming serial data and
selects a new clock phase if required. You can prevent the DPA from selecting a new
clock phase by asserting the optional rx_dpll hold port, which is available for each
channel.
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Soft-CDR Mode

The DPA block requires a training pattern and a training sequence of at least 256
repetitions. The training pattern is not fixed, so you can use any training pattern with
at least one transition on each channel. An optional output port (rx_dpa_locked) is
available to the internal logic to indicate when the DPA block has settled on the closest
phase to the incoming data phase. The DPA block de-asserts rx_dpa_locked
depending on the option selected in the Quartus II MegaWizard Plug-In Manager,
when either a new phase is selected, or when the DPA has moved two phases in the
same direction. The rx_dpa_locked signal is synchronized to the DPA clock domain
and should be considered as the initial indicator for the lock condition. Use data
checkers to validate the data integrity.

An independent reset port (rx_reset) is available to reset the DPA circuitry. The DPA
circuitry must be retrained after reset.

Soft-CDR Mode

The HardCopy III LVDS channel offers soft-CDR mode to support the Gigabit
Ethernet/SGMII protocols. Clock-data recovery (CDR) is required to extract the clock
out of the clock-embedded data to support SGMIL. In HardCopy III devices, the CDR
circuit is implemented in HCells.

In soft-CDR mode, the DPA circuitry selects an optimal DPA clock phase to sample
the data and carry on the bit-slip operation and deserialization. The selected DPA
clock is also divided down by the deserialization factor and then forwarded to the
PLD core along with the de-serialized data. The LVDS block has an output called
divelkout for the forwarded clock signal. This signal is put on the periphery clock
network. In HardCopy III devices, you can use every LVDS channel in soft-CDR mode
and can drive the core using the periphery network. Figure 8-9 shows the path
enabled in soft-CDR mode.

Figure 8-9. Soft-CDR Mode Data and Clock Path (Noie 1)

Data 12 Core
10

ReTimed

v

CLK_BS_DES

L Data LVDS Data
Deserializer Bit Slip
DPA
e > <
DPA
CLOCK  |€—| PLL <2
TREE Clock
DPA CLK Divide Down
and

Note to Figure 8-9:

Clock Forwarding
PCLK

(1) The synchronizer FIFO is bypassed in soft-CDR mode. The reference clock frequency must be suitable for the PLL to generate a clock that matches
the data rate of the interface. The DPA circuitry can track parts per million (PPM) differences between the reference clock and the data stream.
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Synchronizer

Synchronizer

The synchronizer is a 1-bit x 6-bit deep FIFO buffer that compensates for the phase
difference between the recovered clock from the DPA circuit and the diffioclk that
clocks the rest of the logic in the receiver. The synchronizer can only compensate for
phase differences, not frequency differences between the data and the receiver’s
inclk.

An optional port (rx_fifo_reset) is available to the internal logic to reset the
synchronizer. The synchronizer is automatically reset when the DPA first locks to the
incoming data. Altera recommends using rx fifo_reset to reset the synchronizer
when the DPA signals a loss-of-lock condition beyond the initial locking condition.

Pre-Emphasis and Output Differential Voltage

HardCopy III LVDS transmitters support four pre-emphasis and four output
differential voltage (VOD) settings. Pre-emphasis increases the amplitude of the high
frequency component of the output signal and helps compensate for the frequency
dependent attenuation along the transmission line. Figure 8-10 shows an LVDS
output with pre-emphasis. The overshoot is produced by pre-emphasis. This
overshoot must not be included in the VOD voltage. The definition of VOD is also
shown in Figure 8-10.

Figure 8-10. Output Differential Voltage

/ Overshoot

ouT

ouT

T

Pre-emphasis is an important feature for high-speed transmission. Without
pre-emphasis, the output current is limited by the VOD setting and the output
impedance of the driver. At high frequency, the slew rate might not be fast enough to
reach the full VOD before the next edge, producing a pattern dependent jitter.

Undershoot

With pre-emphasis, the output current is boosted momentarily during switching to
increase the output slew rate. The overshoot introduced by the extra current happens
only during switching and does not ring, unlike the overshoot caused by signal
reflection. The amount of pre-emphasis required depends on the attenuation of the
high-frequency component along the transmission line.
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Differential 1/0 Termination

You can adjust pre-emphasis in HardCopy III devices to create the right amount of
overshoot at different transmission conditions. There are four settings for
pre-emphasis: zero, low, medium, and high. The default setting is low. For a particular
design, you can use simulation with an LVDS buffer and transmission line to
determine the best pre-emphasis setting. You can also fix the VOD to any of the four
settings: low, medium low, medium high, and high. The default setting is medium
low.

"=~ A re-compile is required for each new setting.

Differential 1/0 Termination

HardCopy III devices provide a 100-Q, on-chip differential termination option on
each differential receiver channel for LVDS standards. On-chip termination (OCT)
saves board space by eliminating the need to add external resistors on the board. You
can enable OCT in the Quartus II Assignment Editor.

On-chip differential termination is supported on all row I/O pins and

serial / deserializer (SERDES) block clock pins: c1k[0,2,9,11]. It is not supported for
column I/0O pins, high speed clock pins c1k[1,3,8,10], or the corner PLL clock
inputs. Figure 8-11 shows device OCT.

Figure 8-11. On-Chip Differential OCT

HardCopy llI Differential
LVDS Receiver with On-Chip
Transmitter 100 Q Termination

Zy=50Q

Rp

(=00}

Left and Right PLLs (PLL_Lx and PLL_Rx)

HardCopy III devices contain a maximum of eight left or right PLLs with up to four
PLLs located on the left side (PLL_L1, PLL_L2, PLL L3, and PLL L4) and four on the
right side (PLL_R1, PLL_R2, PLL_R3, and PLL_R4) of the device. The left PLLs can
support high-speed differential I/O banks on the left side; the right PLLs can support
banks only on the right side of the device. The high-speed differential I/O receiver
and transmitter channels use these left and right PLLs to generate the parallel clocks
(rx_outclock and tx_outclock) and high-speed clocks (diffioclk). Figure 8-1 on
page 8-2 show the locations of the left/right PLLs for HardCopy III devices. The PLL
VCO operates at the clock frequency of the data rate. Each left or right PLL offers a
single serial data rate support, but up to two separate serialization or deserialization
factors (from the C0 and C1 of left or right PLL clock outputs), or both. Clock
switchover and dynamic left and right PLL reconfiguration are available in high-
speed differential I/O support mode.
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Clocking

Figure 8-12 shows a simplified diagram of the major components of a HardCopy III
PLL.

Figure 8-12. PLL for HardCopy lll Devices
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Clocking

The left and right PLLs feed into the differential transmitter and receiver channels
through the LVDS and DPA clock networks. Figure 8-13 and Figure 8-14 show the
corner and center PLL clock in HardCopy III devices. Each left or right I/O bank
consists of one LVDS clock network, for a total of four clock trees on the device. The
center left and right PLLs can drive the LVDS clock network, therefore, clocking the
transmitter and receiver channels above and below them. The corner left and right
PLLs can drive the adjacent row-1/0 banks only. For example, corner PLL_L1 can
drive the LVDS clock network only in I/O bank 1A and bank 1C. Therefore, with
corner PLLs, each LVDS clock network can be driven by three PLLs: two center PLLs
and one corner PLL. For HardCopy III devices without a corner PLL, each clock tree
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Clocking

can be driven by two center PLLs. Each clock network supports two full-duplex
transceiver channels. However, Altera recommends sharing the diffioclk and
load_en signals between the transmitting and the receiving channels in the same I/O
bank whenever possible. For more information about PLL clocking restrictions, refer
to “Differential Pin Placement Guidelines” on page 8-15.

Figure 8-13. LVDS/DPA Clocks in HardCopy Il and Stratix Ill Devices with Center PLLs
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Figure 8-14. Clocks in HardCopy Il and Stratix Ill Devices with Center and Corner PLLs
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High-Speed Differential 1/0 Interfaces and DPA in HardCopy Ill Devices
Differential Data Orientation

There is a set relationship between an external clock and the incoming data. For
operation at 1 Gbps with a SERDES factor of 10, the external clock is multiplied by 10,
and phase-alignment is set in the PLL to coincide with the sampling window of each
data bit. The data is sampled on the falling edge of the multiplied clock. Figure 8-15
shows the data bit orientation of the x10 mode.

Figure 8-15. Bit Orientation in Quartus Il Software Differential I/0 Bit Position

inclock/outclock J

VISB 10 LVDS Bits 4LS~

SR.0)0:9)0)010/0/0)0/ 0

Data synchronization is necessary for successful data transmission at high
frequencies. Figure 8-16 shows the data bit orientation for a channel operation. This
figure is based on the following:

m SERDES factor equals clock multiplication factor
m Edge alignment is selected for phase alignment

m Implemented in hard SERDES

Figure 8-16. Bit-Order and Word Boundary for One Differential Channel (Noie 1)
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Note to Figure 8-16:
(1) These are only functional waveforms and are not intended to convey timing information.
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Differential Pin Placement Guidelines

For other serialization factors, use the Quartus II software tools and find the bit
position within the word. The bit positions after deserialization are listed in Table 8-3.

Table 8-3 shows the conventions for differential bit naming for eight differential
channels. The MSB and LSB positions increase with the number of channels used in a
system.

Table 8-3. LVDS Channels Supported in HardCopy Ill Device Left and Right (Row) I/0 Banks

Internal 8-Bit Parallel Data
Receiver Channel Number
MSB Position LSB Position
1 7 0
2 15 8
3 23 16
4 31 24
5 39 32
6 47 40
7 55 48
8 63 56

Differential Pin Placement Guidelines

To ensure proper high-speed operation, differential pin placement guidelines have
been established. Also, the Quartus II compiler automatically verifies these guidelines
and issues an error message if they are not met.

Because DPA usage adds some constraints on the placement of high-speed differential
channels, this section is divided into pin placement guidelines with and without DPA
usage.
“ e Ifyouwant to place both single-ended and differential I/Os in the same row or
column I/O bank, refer to the HardCopy III Device I/O Features chapter.

Guidelines for DPA-Enabled Differential Channels

HardCopy III devices have differential receivers and transmitters in I/O banks on the
left and right sides of the device. Each receiver has a dedicated DPA circuit to align the
phase of the clock to the data phase of its associated channel. When you use
DPA-enabled channels in differential banks, you must adhere to the guidelines listed
in the following sections.

Using Corner and Center Left/Right PLLs

If a differential bank is being driven by two left or right PLLs, and the corner left or
right PLL is driving one group and the center left or right PLL is driving another
group, there must be at least one row of separation between the two groups of
DPA-enabled channels (refer to Figure 8-17). The two groups can operate at
independent frequencies.
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Differential Pin Placement Guidelines

No separation is necessary if a single left or right PLL is driving DPA-enabled
channels as well as DPA-disabled channels.

Figure 8-17. Corner and Center Left/Right PLLs Driving DPA-Enabled Differential I/0s in the Same
Bank Using Both Center Left/Right PLLs
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You can use center left or right PLLs to drive DPA-enabled channels simultaneously,
as long as they drive these channels in their adjacent banks only, as shown in
Figure 8-18.
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Differential Pin Placement Guidelines

If one of the center left or right PLLs drives the top and bottom banks, you cannot use
the other center left or right PLL to drive differential channels, as shown in
Figure 8-18.

Figure 8-18. Center Left/Right PLLs Driving DPA-Enabled Differential 1/0s

Corner Corner
Left/Right PLL Left/Right PLL
Reference Reference
CLK CLK
DPA-enabled DPA-enabled
Diff I/O Diff 1/0
Maximum 26 channels L4 b
driven by the center ° L4
leftrright PLL hd °
DPA-enabled i DPA-enabled .
Diff /O ngmum 26 channels Diff 1/0 Méleum 26 channels
DPA-enabled driven by the upper center DPA-enabled driven by the upper center
Diff /O left/right PLL Diff /O left/right PLL
DPA-enabled DPA-enabled
Diff I/O Diff I/O
Reference Reference
CLK CLK
Center Center
Left/Right PLL Left/Right PLL

Center Cente One Unused
Left/Right PLL Left/Righ Channel for Buffer
Reference Reference
CLK CLK
DPA-enabled DPA-enabled | )
Diff I/O Diff 1/O
DPA-.enabIed Maximum 26 channels DPA-lenabIed Maximum 26 channels
Diff /0 >~ driven by the upper center Diff 1/O > driven by the upper center
DPA-enabled leftright PLL DPA-enabled left/right PLL
Diff /10 Diff 1/0
Maximum 26 channels ° °
driven by the center ° L _
left/right PLL hd ®
DPA-enabled DPA-enabled
Diff I/O Diff 1/O
Reference Reference
CLK CLK
Corner Corner
Left/Right PLL Left/Right PLL
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If the top PLL_L2/PLL_R2 drives the DPA-enabled channels in the lower differential
bank, the PLL_L3/PLL_R3 cannot drive the DPA-enabled channels in the upper
differential banks and vice versa. In other words, the center left or right PLLs cannot
drive cross-banks simultaneously, as shown in Figure 8-19.

Figure 8-19. Invalid Placement of DPA-Enabled Differential I/0s Driven by Both Center Left/Right
PLLs

DPA-enabled
Diff I/O
°
°
°
DPA-enabled
Diff I/O
DPA-enabled
Diff I/O
DPA-enabled
Diff I/O
Reference
CLK

»

»

»

Center
Left/Right PLL

Center
Left/Right PLL

Reference
CLK
DPA-enabled
Diff I/O
DPA-enabled
Diff I/O
DPA-enabled
Diff I/O
°
°
°
DPA-enabled
Diff I/O

Guidelines for DPA-Disabled Differential Channels

When you use DPA-disabled channels in the left and right banks of a HardCopy III
device, you must adhere to the guidelines in the following sections.

DPA-Disabled Channel Driving Distance
Each left or right PLL can drive all the DPA-disabled channels in the entire bank.

Using Corner and Center Left and Right PLLs

The following guidelines show how you can use corner and center left and right PLLs:

®  You can use a corner left or right PLL (PLL_L1, PLL L4, PLL R1, and PLL_R4) to
drive all the transmitter channels and a center left or right PLL (PLL L2, PLL_L3,
PLL R2, and PLL R3) to drive all DPA-disabled receiver channels within the same
differential bank. A transmitter channel and a receiver channel in the same LAB
row can be driven by two different PLLs, as shown in Figure 8-20.
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Guidelines for DPA-Disabled Differential Channels

m A corner left or right PLL and a center left or right PLL can drive duplex channels
in the same differential bank as long as the channels driven by each PLL are not
interleaved. No separation is necessary between the group of channels driven by
the corner and center left or right PLLs. Refer to Figure 8-20 and Figure 8-21.

Figure 8-20. Corner and Center Left and Right PLLs Driving DPA-Disabled Differential I/0s in the Same Bank

Corner Corner
Left/Right PLL Left/Right PLL
Reference Reference
CLK CLK -
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°
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! Diff Ry | Diff Ty |« ™ b0
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->{Diff Ry | Diff Ty | €] Ly, rCISaDIE
Diff 1/0 .
DPA-disabled < No separation buffer needed
—> Diff Ry | Diff Ty [— — > Diff 1/O
X X DPA-disabled
—>| Diff Ry | Diff Ty [« —> Diff /O
DPA-disabl
—>| Diff Ry | Diff Ty [« > D?flslfob ed
OPA ldi blad s Channels driven by
> Diff Ry | Diff T, [€— > Diffsl/aO © Center Left/Right PLL
°
°
°
. . DPA-disabled
—> Diff Ry | Diff Ty [ 1 bt io )
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Figure 8-21. Invalid Placement of DPA-Disabled Differential I/0s Due to Interleaving of Channels
Driven by the Corner and Center Left and Right PLLs
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Using Both Center Left and Right PLLs

You can use both center left and right PLLs simultaneously to drive DPA-disabled
channels on upper and lower differential banks, as shown in Figure 8-22. Unlike
DPA-enabled channels, the center left and right PLLs can drive cross-banks. For
example, the upper center left or right PLL can drive the lower differential bank while
the lower center left or right PLL is driving the upper differential bank and vice versa,
as shown in Figure 8-23.

Figure 8-22. Both Center Left and Right PLLs Simultaneously Driving DPA-Disabled Upper and
Lower Bank Channels

| DPA-disabled |
1/0

DPA-disabled | |
1/0

DPA-disabled
1/0

DPA-disabled | |
1/0

DPA-disabled
I/0

LVDS PLL

LVDS PLL

DPA-disabled | |
1/0

DPA-disabled | |
1/0

DPA-disabled | |
1/0

DPA-disabled
1/0

DPA-disabled
I/0

January 2011  Altera Corporation HardCopy 1l Device Handbook Volume 1: Device Interfaces and Integration

Downloaded from AFFOW.Com.


http://www.arrow.com

8-22 Chapter 8: High-Speed Differential I/0 Interfaces and DPA in HardCopy Il Devices
Design Recommendations

Figure 8-23. Both Center Left/Right PLLs Driving Cross-Bank DPA-Disabled Channels
Simultaneously
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Design Recommendations

To implement the high-speed differential interface successfully, Altera recommends
following these design guidelines:

1. Altera provides HardCopy III IBIS models to verify I/O timing and characteristics.
Altera strongly recommends verifying the I/O interfaces with simulation before
you submit the design to the HardCopy Design Center.
“ e For more information about signal integrity simulations with third-party tools, refer
to the Signal Integrity Analysis with Third-Party Tools chapter in volume 3 of the
Quartus I1 Handbook.

2. You can use center PLLs for both Tx and Rx, but corner PLLs are preferred for Tx
applications over Rx applications.

3. Altera recommends sharing the 1vdsclk and load en signals between
transmitting and receiving channels in the same I/O bank whenever possible.
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Differences Between Stratix lll and HardCopy Ill Devices

The HardCopy III device family supports full high-speed differential I/O and DPA
mapping from the Stratix III family. Both families are designed with identical
dedicated circuitry and thus support the same I/O standard, implementation
guidelines, and performance. Table 8—4 shows the LVDS channels supported in
Stratix III and HardCopy III devices.

Tahle 8-4. LVDS Channels Supported in Stratix Ill and HardCopy Ill Devices (Note 1), (2)

HardCopy Ill | Package . .
Device (3) LVDS Channels Stratix Il Devices Package LVDS Channels
HC325W EP3SL150
F484 F780
HC325F 48Rx + 48Tx EP3SE110
56Rx + 56Tx
HC325W EP3SL200
F780 H780
HC325F 56Rx + 56Tx EP3SE260
EP3SL150
HC335L
EP3SL200
F1152
F1152 88Rx + 88Tx EP3SE110 88Rx + 88Tx
HC335F EP3SE260
EP3SL340 H1152
HC335L EP3SL200
F1517 88Rx + 88Tx EP3SL340 F1517 112Rx + 112Tx
HC335F
EP3SE260

Notes to Table 8-4:

(1) The HardCopy Il family does not offer a 1760-pin package.
(2) LVDS channels supported in HardCopy Il and Stratix I devices left and right (row) I/0 banks.
(3) There is no socket-replacement to the F484-package HardCopy from the F780-package FPGA.

Document Revision History

Table 8-5 lists the revision history for this chapter.

Table 8-5. Document Revision History

Date Version Changes

m Removed the note before Table 8-1.
m Updated Table 81, Table 8-2, and Table 8—4.

January 2011 3.2 ) ) ) )
m Updated the “Pre-Emphasis and Output Differential Voltage” section.
= Minor text edits.
m Updated Table 8—1 and Table 8-3.

January 2010 3.1 ) )
m Minor text edits.

June 2009 3.0 Updated tables for device part number updates.

December 2008 2.0 Made minor editorial changes.

May 2008 1.0 Initial release.
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This section includes the following chapters:
m Chapter 9, Hot Socketing and Power-On Reset in HardCopy III Devices
m Chapter 10, IEEE 1149.1 (JTAG) Boundary Scan Testing in HardCopy III Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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A |:| =/ 9. Hot Socketing and Power-On Reset in
® HardCopy Ill Devices

HIII51009-2.0

This chapter contains information about hot-socketing specifications, power-on reset
(POR) requirements, and their implementation in HardCopy® III devices.

HardCopy III devices offer hot socketing, which is also known as hot plug-in or hot
swap, and power sequencing support without the use of any external devices. You
can insert or remove a HardCopy III device or a board in a system 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 also removes some of the difficulty when you use
HardCopy III devices or PCBs that contain a mixture of 3.0-, 2.5-, 1.8-, 1.5-, and 1.2-V
devices. With the HardCopy III hot-socketing feature, you no longer need to ensure a
proper power-up sequence for each device on the board.

The HardCopy III hot-socketing feature provides:

m Board or device insertion and removal without external components or board
manipulation

m Support for any power-up sequence
m Non-intrusive I/O buffers to system buses during hot insertion

This chapter also discusses hot-socketing specification, its implementation, and the
POR circuitry in HardCopy III devices. The POR circuitry keeps the devices in the
reset state until the power supplies are within operating range.

HardCopy lIl Hot-Socketing Specifications

HardCopy III devices are hot-socketing compliant without the need for any external
components or special design requirements. Hot-socketing support in HardCopy III
devices has the following advantages:

®m  You can drive the device before power-up without damaging it.

m I/0O pins remain tri-stated during power-up. The device does not drive out before
or during power-up and does not affect other buses in operation.

®  You can insert or remove a HardCopy III device from a powered-up system board
without damaging or interfering with normal system and board operation.

Devices Can Be Driven Before Power-Up

You can drive signals into I/O pins, dedicated input pins, and dedicated clock pins of
HardCopy III devices before or during power-up or power-down without damaging
the device. HardCopy III devices support power-up or power-down of all power
supplies in any sequence to simplify system level design.

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any C{)roducts and services at any time without notice. Altera assumes no responsibility or liability arisinlgl out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Hot-Socketing Feature Implementation in HardCopy Il Devices

L=~ HardCopy III ASICs power up to user mode instantly, while Stratix Il devices require
configuration after power up. If you design a board where a HardCopy III device will
replace the Stratix III device, check that all the important signals in your design are
ready before the HardCopy III device enters usermode. For example: clocks, resets,
and control signals. Otherwise, your system’s operation may be erratic until the
proper reset and initialization of your design is performed.

“ e For more information about the HardCopy IIT power up behavior, refer to the
Matching Stratix 111 Power and Configuration Requirements with HardCopy III Devices
chapter in volume 2 of the HardCopy III Device Handbook.

1/0 Pins Remain Tri-Stated During Power-Up

A device that does not support hot socketing may interrupt system operation or cause
contention by driving out before or during power-up. In a hot-socketing situation, the
HardCopy III device’s output buffers are turned off during system power-up or
power-down. Also, the HardCopy III device does not drive out until the device is in
user mode and working within recommended operating conditions.

Insertion or Removal of a HardCopy Ill Device from a Powered-Up System

Devices that do not support hot socketing can short power supplies when powered
up through the device signal pins. This irregular power-up can damage both the
driving and driven devices and can disrupt card power-up.

A HardCopy III device may be inserted into (or removed from) a powered-up system
board without damaging or interfering with system board operation. You can
power-up or power-down all power supplies in any sequence, as long as they are all
ramped up to full rail before the HardCopy III device starts to communicate with
other devices on the board. This requirement is discussed in “Power-On Reset
Circuitry” on page 9—4. HardCopy III devices are immune to latch-up when
performing hot socketing.
“ e For more information about the hot-socketing specification, refer to the DC and
Switching Characteristics of HardCopy I1I Devices chapter in volume 2 of the HardCopy 111
Handbook.

Hot-Socketing Feature Implementation in HardCopy Ill Devices

The hot-socketing feature turns off the output buffer during power-up and
power-down of the V¢, Vcio, Vecrams 0F Vecpp power supplies. Each I/0 pin has
the circuitry shown in Figure 9-1.
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Figure 9-1. Hot-Socketing Circuit Block Diagram for HardCopy Il Devices
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The POR circuit monitors the voltage level of power supplies (Vcc, Veer, Veepp, and
Veeaux) and keeps the I/O pins tri-stated until the device is in user mode. The weak

pull-up resistor (R) in the HardCopy III input/output element (IOE) keeps the I/O
pins from floating. The voltage tolerance control circuit permits the I/O pins to be
driven by external voltages before V¢, Vccio, Vecpam, and/or Veepp supplies are

powered, and it prevents the I/O pins from driving out when the device is not in user

mode.

Altera Corporation

HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration


http://www.arrow.com

9-4

Chapter 9: Hot Socketing and Power-On Reset in HardCopy Il Devices
Power-On Reset Circuitry

Power-0On Reset Circuitry

A power-on reset event occurs if all the POR-monitored power supplies, shown in
Figure 9-1 reach the recommended operating range within a certain period of time
(specified as power supply ramp time, Tramp). Figure 9-2 shows the power supply
specification. All power supplies’ voltages have to rise monotonically within Tgapp.
This ensures the voltage levels do not remain indeterminate for a long time during
power-up.

Figure 9-2. Power Supply Ramp Behavior

=== == :|deal
: Acceptable (see Tramp SpPecs)

<—— All power supplies should reach full rail ~——

Time g
o

HardCopy III devices provide a dedicated input pin (PORSEL) to select a Tgayp range
from 50 p to 4 ms or from 50 p to 100 ms for all power supplies to ramp up. When the
PORSEL pin is connected to ground, the Trayp can be from 50 p to 100 ms. When the
PORSEL pin is set to high, the Tranp can be from 50 p to 4 ms.

The POR block consists of a regulator POR, satellite POR, and main POR to check the
power supply levels for proper device operation. The regulator POR monitors the
internal reference voltage for the temperature sensing diode and POR. The satellite
POR monitors Ve, Veer, Veerp, Vecram and Vecaux power supplies to ensure
proper device operation. It also checks for functionality of /O level shifters powered
by Vcepp and Vecpgy during power-up mode. The main POR collects signals from
both regulator and satellite PORs and generates POR pulse according to the PORSEL
signal. A simplified block diagram of the POR block is shown in Figure 9-3.
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Power-On Reset Circuitry

All configuration-related dedicated and dual function I/O pins must be powered by
Veerau-

Figure 9-3. Simplified POR Block Diagram

Regulator POR
- = — — — — — 1
Monitored V ~~ Supplies (7 |
CCL()» Satellite POR . > P(;FE*TF’TllJll\-éE POR
| —» (12 ms or 100 ms)
|
PORSEL |

Note to Figure 9-3:
M

For more details about these supplies, refer to Table 9-1.

Main POR

The POR circuit monitors the power supplies specified in Table 9-1.

Table 9-1. Power Supplies Monitored by the POR Circuitry

Power Supply Description Setting (V)
Vee I/0 registers power supply 09
Veel Core voltage power supply 0.9
Vecaux (1) Power supply for temperature sensing diode and POR circuitry 2.5
Veerp I/0 pre-driver power supply 2.5,3.0
Vecram Configuration pins power supply 1.8,25,3.0
Note to Table 9-1:

(1) This power supply is for the auxiliary power supply in Stratix |1l devices.

The POR circuit does not monitor the power supplies listed in Table 9-2.

Table 9-2. Power Supplies Not Monitored by the POR Circuitry
Voltage Supply Description Setting (V)
Vecio I/0 power supply 1.2,1.5,1.8,25,3.0
Veea pLL PLL analog global power supply 2.5
Veen, pLL PLL digital power supply 0.9
Vee ok PLL differential clock input power supply (top and bottom 95

- I/0 banks only)
Veesar Battery back-up power supply for design security volatile /A
key storage

January 2011 Altera Corporation
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Conclusion

The POR signal pulse width is selectable using the PORSEL input pin. When PORSEL is
set to low, the POR signal pulse width is set to 100 ms minimum. When the PORSEL is
set to high, the POR signal pulse width is set to minimum. The POR specification is
designed to ensure that all circuits in the HardCopy III device are at certain known
states during power up.

Because not all power supplies are monitored by POR, ensure that the power supplies
are fully ramped up before the device starts to communicate with other devices on the
system.

Regardless of the voltage level of these power supplies, a HardCopy III device
continues to enter user-mode. One difference between Stratix III and HardCopy III
devices is that Stratix III devices allow more time for power supplies to ramp up
during the configuration phase, before the device enters user mode. HardCopy III
devices, however, can enter user mode and release CONF_DONE within 12 ms or 100 ms.
Therefore, you should always verify the voltage level of the power supply system
before the HardCopy III device starts to run.

For more information about the POR specification, refer to the DC and Switching
Characteristics of HardCopy 111 Devices chapter in volume 2 of the HardCopy 111
Handbook.

HardCopy III devices are hot-socketing compliant and allow successful device
power-up without the need for any power sequencing. The POR circuitry keeps the
devices in the reset state until the power supply voltage levels are within operating
range.

Document Revision History

Table 9-3 shows the revision history for this chapter.

Tahle 9-3. Document Revision History

Date Version Changes Made
m Updated PORSEL and POR signal pulse information.
January 2011 2.1 , )
m Updated “Devices Can Be Driven Before Power-Up” on page 9-1.
m Updated “Power-On Reset Gircuitry” on page 9-4.
m Updated Table 9-1.
December 2008 2.0 m Updated Figure 9-1.
m Updated Figure 9-3.
m Made minor editorial changes.
May 2008 1.0 Initial release.
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=/ 10. IEEE 1149.1 (JTAG) Boundary Scan

® Testing in HardCGopy Il Devices

All HardCopy® III ASICs provide Joint Test Action Group (JTAG) boundary-scan test
(BST) circuitry that complies with the IEEE Std. 1149.1 specification. The BST
architecture offers the capability to efficiently test components on PCBs with tight
lead spacing. Pin connections can be tested without using physical test probes, and
functional data can be captured while a device is in normal operation. Boundary-scan
cells in a device can force signals onto pins, or capture data from pin or core logic
signals. Forced test data is serially shifted into the boundary-scan cells. Captured data
is serially shifted out and externally compared to expected results.

A device using the JTAG interface uses four required pins: TDI, TDO, TMS, and TCK, and
one optional pin, TRST. The TCK pin has an internal weak pull-down resistor, and the
TDI, TMS, and TRST pins have internal weak pull-up resistors. The TDO output pin and
all the JTAG input pins are powered by the 2.5-V/3.0-V Vcpp supply of I/O bank 1A.

For more information about the BST architecture and JTAG instructions supported in
Stratix III devices, refer to the IEEE 1149.1 (JTAG) Boundary-Scan Testing in Stratix III
Devices chapter in volume 1 of the Stratix III Device Handbook.

For more information about the JTAG pin description, refer to the IEEE 1149.1 (JTAG)
Boundary-Scan Testing in Stratix 11l Devices chapter in volume 1 of the Stratix III Device
Handbook.

HardCopy III devices only support a maximum I/O voltage of 3.0 V. Consider this
when designing your Stratix® III FPGA prototypes and your board so you can
successfully map the HardCopy III device.

JTAG Instructions

Table 10-1 shows the JTAG instructions supported in HardCopy III devices for
boundary-scan testing (BST). These 10-bit instructions are also supported in Stratix III
devices. However, HardCopy III devices do not support the Stratix III JTAG
instructions used for in-circuit reconfiguration (ICR), because HardCopy III devices
do not require configuration.

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.

HardCopy Il Device Handbook Volume 1: Device Interfaces and Integration a

January 2011

Downloaded from AFFOW.Com.

Subscribe


http://www.altera.com/common/legal.html
http://www.altera.com/literature/hb/stx3/stx3_siii51013.pdf
http://www.altera.com/literature/hb/stx3/stx3_siii51013.pdf
https://www.altera.com/servlets/subscriptions/alert?id=HIII51010
http://www.altera.com/literature/hb/stx3/stx3_siii51013.pdf
http://www.altera.com/literature/hb/stx3/stx3_siii51013.pdf
http://www.arrow.com

10-2

Chapter 10: IEEE 1149.1 (JTAG) Boundary Scan Testing in HardCopy Ill Devices
JTAG Instructions

e For more information about the BST architecture and JTAG instructions supported in

Stratix III devices, refer to the IEEE 1149.1 (JTAG) Boundary-Scan Testing in Stratix III
Devices chapter in volume 1 of the Stratix III Device Handbook.

Table 10-1. HardCopy Ill JTAG Instructions

JTAG Instruction

Instruction Code

Description

SAMPLE/PRELOAD

00 0000 0101

Allows a snapshot of signals at the device pins to be captured and
examined during normal device operation, and permits an initial data
pattern to be output at the device pins.

EXTEST (1)

00 0000 1111

Allows the external circuitry and board-level interconnects to be
tested by forcing a test pattern at the output pins and capturing test
results at the input pins.

BYPASS

111111 1111

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation.

USERCODE

00 0000 0111

Loads the 32-bit user code into the device identification register and
places the register between the TDI and TDO pins, allowing the user
code to be serially shifted out of TDO.

IDCODE

00 0000 0110

Loads the 32-bit ID code into the device identification register and
places the register between the TDI and TDO pins, allowing the ID
code to be serially shifted out of TDo.

HIGHZ (1)

00 0000 1011

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation while
tri-stating all of the I/0 pins.

cLamp (1)

00 0000 1010

Places the 1-bit bypass register between the TDI and TDO pins,
which allows the BST data to pass synchronously through selected
devices to adjacent devices during normal device operation while
holding 1/0 pins to a state defined by the data in the boundary-scan
register.

Note to Table 10-1:

(1) The bus hold and weak pull-up resistor features override the high-impedance state of HIGHZ, CLAMP, and EXTEST.

I =

Similar to Stratix III devices, HardCopy III devices support the SignalTap® II
Embedded Logic Analyzer, which monitors design operation over a period of time
through the JTAG interface. The SignalTap Il Embedded Logic Analyzer is a useful
feature during the device prototyping phase, but should be removed if not required
after you map the design to a HardCopy III device. HardCopy III devices are mask
programmed, and the SignalTap II logic cannot be removed after the HardCopy III

device is fabricated.
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Boundary-Scan Register

IDCODE and USERCODE

The IDCODE instruction gives you the ability to shift out a 32-bit identification (ID)
code from HardCopy III devices. ID codes are different in Stratix III devices and
unique for each HardCopy III device. The ID code can be used to determine the
correct device during BST. When the IDCODE instruction is issued, the ID code is
loaded into a 32-bit device identification register for shifting out. Table 10-2 shows the
ID codes for the HardCopy III devices.

Table 10-2. 32-Bit HardCopy Ill Device IDGODE (Note 1), (2)

IDCODE (32 Bits)
Device
Version (4 Bits) Part Number (16 Bits) Manufacturer Identity (11 Bits) LSB (1 Bit)
HC325 0000 00100010 0010 0101 00001101110 1
HC335 0000 00100010 0011 0101 00001101110 1

Notes to Table 10-2:
(1) The most significant bit (MSB) is on the left.
(2) The least significant bit (LSB) of 1DCODE is always 1.

You can use the USERCODE instruction to shift out a 32-bit user code, which can also be
used to uniquely identify the device. Unlike Stratix III devices, the user code in
HardCopy III devices is mask programmed and cannot be changed after the silicon is
fabricated. If the designer does not select a user code, the user code is mask
programmed to the default values. When the USERCODE instruction is issued, the 32-bit
user code is loaded into the same 32-bit device identification register used for the
IDCODE instruction. The user code can then be serially shifted out.

Boundary-Scan Register

The boundary-scan register length for HardCopy III devices differs from Stratix III
devices. The length also varies for each HardCopy III device depending on the device
density and available I/O pin count. Table 10-3 lists the boundary-scan register
length for HardCopy III devices.

Table 10-3. HardCopy lll Boundary-Scan Register Length

Device Boundary-Scan Register Length
HC325 1524
HC335 2670

Boundary-Scan Testing on HardCopy Il Devices

January 2011

Downloaded from AFFOW.Com.

The boundary-scan description language (BSDL), a subset of VHDL, provides a
syntax that allows you to describe the features of an IEEE Std. 1149.1 BST-capable
device that can be tested.

[l =~ There are two versions of the BSDL Customizer tool that you can use. The
pre-configuration version generates a BSDL file for use before the device enters user
mode, and the post-configuration version generates a BSDL file for use after the
device enters user mode.
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JTAG Timing

JTAG Timing

BSDL files for IEEE Std. 1149.1-compliant HardCopy III devices can also be generated
using the Quartus software version 8.1 or later. Visit the Altera website at
www.altera.com for the procedure to generate the BSDL files using the Quartus II
software.

For more information about BSDL files for IEEE Std. 1149.1-compliant HardCopy III
devices and the BSDL Customizer script, visit the Altera website at www.altera.com.

Figure 10-1 shows the JTAG timing waveforms for the HardCopy III devices.

Figure 10-1. JTAG Timing Waveforms for HardCopy Il Devices

—_— % >< ><

ety ————

[ tJCH—>§<7 tieL —» typsu ‘—>-<7 typn 4’
TCK ] ]
typzx <—” H tpco "—' <—” tpxz
TDO = { X

For JTAG timing parameters and values, refer to the DC and Switching Characteristics of
HardCopy III Devices chapter in volume 3 of the HardCopy III Device Handbook.

Document Revision History

Table 10—4 shows the revision history for this document.

Tahle 10-4. Document Revision History

Date Version Changes
January 2011 3.1 Updated for Quartus Il software 10.1.
June 2009 3.0 m Updated Table 10-2 and Table 10-3.
m Updated Table 10-3.
December 2008 2.0 ] o
m Minor editorial changes made.
May 2008 1.0 Initial release.

HardCopy Il Device Hand

Downloaded from AFFOW.Com.

book Volume 1: Device Interfaces and Integration January 2011  Altera Corporation


http://www.altera.com
http://www.altera.com
http://www.altera.com
http://www.altera.com/literature/hb/hardcopy-iii/hiii52001.pdf
http://www.altera.com/literature/hb/hardcopy-iii/hiii52001.pdf
http://www.arrow.com

fAél = oYa Section IV. Power and Thermal
= ® Management

This section includes the following chapter:

m Chapter 11, Power Management in HardCopy III Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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11. Power Management in HardCopy Il

Devices

Altera® HardCopy® III devices and Stratix® III devices are manufactured with
different process technologies. The HardCopy III devices are based on a 0.9-V, 40 nm
process, while Stratix III devices are manufactured with a 1.1-V, 65 nm process.
Because of the unique voltage requirements of each device family, you must design
your board's power supply to support both Stratix III and HardCopy III devices. In
addition, you must take into consideration that both device families consume power
differently. This chapter describes the power supply requirements and power
management solutions for HardCopy III devices.

This chapter contains the following sections:

m “HardCopy III Device External Power Supply Requirements”

m “Supporting HardCopy III and Stratix III Power Supplies” on page 11-2

m “HardCopy III Power Optimization” on page 11-3

m “Temperature Sensing Diode (TSD)” on page 11-4

m “External Pin Connections” on page 11-4

HardCopy lll Device External Power Supply Requirements

This section describes the different external power supplies you need to power
HardCopy III devices. Table 11-1 lists the external power supply pins for

HardCopy III E devices. You can supply some of the power supply pins with the same
external power supply, provided their supply voltage levels are the same.

of HardCopy I1I Devices chapter.

For possible values of each power supply, refer to the DC and Switching Characteristics

Table 11-1. HardCopy Il Power Supply Requirements (Part 1 of 2)

Freeammy | SR | ok e

veeL (1) O'Qé(:r'; &iﬁl:;;?ble 0.9 Core voltage power supply

vce 1.1 0.9 1/0 registers power supply

VCCIO 1.2/15 //13;?3/ 25/3.0 | 1.2/ 1350/ 1(.5)/ 2.5/ 1/0 power supply

VCCPGM 1.8/25/3.0/3.3 1.8/25/3.0 Configuration pins power supply

VCCPD  (3) 25/3.0/3.3 25/3.0 1/Q pre-driver power supply

VCCA_PLL 2.5 2.5 PLL analog global power to the PLL regulator

VCCD_PLL 1.1 0.9 PLL digital global power supply

VCC_CLKIN 25 25 Differential clock input pins power supply (top and
bottom 1/0 banks only)
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Chapter 11: Power Management in HardCopy Il Devices
Supporting HardCopy IIl and Stratix Il Power Supplies

Table 11-1. HardCopy Il Power Supply Requirements (Part 2 of 2)

Power Supply Stratix Il Voltage HardCopy Il .
Pin Value (V) Voltage Value (V) Description

VCCBAT 25 — (6) Battery back-up power supply for design security volatile
’ key register

VCCPT 95 95 Power supply for the temperature sensing diode and
' ' power-on-reset (POR) (4)

VRer Veer (5) VRer Power supply for the voltage-referenced 1/0 standards

GND GND GND Ground

Notes to Table 11-1:

2
3

5

(
(
(
(
(
(6

1) VCCL and VCC can be driven with the same voltage regulator when VCCL = VCC as required by the Stratix |1l device.
) HardCopy Ill devices do not support 3.3-V 1/0 standards.

) VCCPD can be either 2.5V or 3.0 V. For a 3.0-V 1/0 standard, VCCPD = 3.0 V. For 2.5 V I/0 standard and below, VCCPD = 2.5 V.
4) In Stratix Il devices, this power supply is also used for programmable power technology.

) There is one Vger pin per 1/0 bank. You can use an external power supply or a resistor divider network to supply this voltage.

) This power pin can be disconnected or remain connected on the board.

3.3-V 1/0 Standard Support

The maximum I/O power supply voltage of Stratix IIl and HardCopy III devices is
different due to unique process technologies. Stratix III devices support up to 3.3-V
I/0 voltage and HardCopy III devices support up to 3.0-V I/O voltage because of the
long term reliability of 40 nm process technology. Therefore, HardCopy Il devices do
not support 3.3-V 1/0 standards such as 3.3-V LVTTL or 3.3-V LVCMOS.

For more information about 3.3-V I/O standards, refer to the HardCopy III Device I/O
Features chapter.

Similarly, Stratix III devices that are prototyped for HardCopy III devices are limited
in selection to 3.0-V power supplies. Even so, HardCopy III 3.0-V I/Os can still
properly interface with 3.3-V external ports with little loss in noise margin, given
similar input and output voltage electrical characteristics.

Supporting HardCopy Ill and Stratix Ill Power Supplies

The three core power rails in both Stratix III and HardCopy III devices are: V¢, Vcr,
and Vccp pry- For Stratix III devices, the V¢ and Vcp pp1 core power rails can be
powered by a 1.1-V source, and the V¢, rail is powered by either 0.9-V or 1.1-V
source. HardCopy III power rails, on the other hand, are all powered by a 0.9-V
source.

Table 11-2 shows the summary of core voltage requirements for these two devices.

Table 11-2. Core Voltage Requirements for Stratix Il and HardCopy Il Devices

Symbol Parameter Stratix lll Devices HardCopy Il Devices | Unit
Ve /0 registers power supply 1.1 0.9 v
Veal Core voltage supply 0.9/1.1 (Selectable Core Voltage) 0.9 v
Veen, pLL PLL digital power supply 1.1 09 v
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HardCopy Il Power Optimization

Stratix IlI-to-HardCopy III mapping requires all core voltages to be reduced from
1.1-V (for Stratix III devices) to 0.9-V (for HardCopy III devices). Therefore, you must
select a voltage regulator that can support both voltages. For example, the Linear
Technology LTC3713, National Semiconductor LM2743, and Texas Instrument
TPS54610PWP support both 0.9-V and 1.1-V voltages. In most cases, you can simply
change the feedback resistor values to adjust the output voltage of these regulators.
Figure 11-1 shows an example of the power management of a HardCopy III device.

Figure 11-1. HardCopy Il Power Management Example

VIN Voltage Regulator
(Termination)

Voltage Regulator (Vgcy)
Variable (0.9 V)

\4

Vool

Voltage Regulator (Vcc) vV,
for the 1/O Elements rvec
Fixed (0.9 V)

y

Termination
HardCopy Il Resistor

Voltage Regulator (Vocp pri) e User /0

Fixed (0.9 V)

A 4

Voltage Regulator (Vo)
I/0 (2.5 V)

Veelo

\ 4

Veerp Veeram Vee_cikin Veept Veca PLL VRer

Voltage Regulator (Vgcpp) A A A A A 3
25V

Voltage Regulator

(Vecpam))

y Voltage
Fixed (2.5 V) Reference

Voltage Regulator (Voc cLkIN)
Fixed (2.5 V)

Voltage Regulator (VoopT)
Fixed (2.5 V)

Voltage Regulator

(Veea_pLL)
Fixed (2.5 V)

“ e For more information about these voltage regulator models, refer to materials at

www.national.com, www.linear.com, and focus.ti.com.

HardCopy lll Power Optimization

Because HardCopy III devices have lower power requirements than Stratix III
devices, HardCopy III devices do not need either selectable core voltage or
programmable power technology. Therefore, these options are not needed in
HardCopy III devices. The Quartus® II software compiles your HardCopy III design
according to the timing requirements specified in the timing constraint file. Due to
smaller device geometry and optimized device architecture, HardCopy III devices
generally achieve faster performance and lower power than Stratix III devices. The
compilation reports show the power and performance of both the HardCopy III ASIC
and the Stratix IIT FPGA.
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Temperature Sensing Diode (TSD)

Temperature Sensing Diode (TSD)

The HardCopy III TSD uses the characteristics of a PN junction diode to determine
die temperature. Knowing the junction temperature is crucial for thermal
management. Junction temperature is calculated using ambient or case temperature,
junction-to-ambient (0;,) or junction-to-case (9;c) thermal resistance, and the device
power consumption. A HardCopy III device can monitor its die temperature with an
embedded TSD, giving you control of the air flow to the device with external circuitry.
Similar to Stratix III devices, you must use the HardCopy III device with an external
analog-to-digital converter (ADC).

External Pin Connections

The HardCopy III TSD, located in the top-right corner of the die, requires two pins for
voltage reference. You can connect the HardCopy III TSD with an external ADC
converter. Figure 11-2 shows the TSD connections for HardCopy III devices.

Figure 11-2. TSD External Pin Connections in HardCopy Il Devices

External Analog-to-Digital
Converter

TEMPDIODEP

TSD
TEMPDIODEN

? HardCopy Il Devices

The TSD is a very sensitive circuit that can be influenced by noise coupled from other
traces on the board and possibly within the device package itself, depending on
device usage. The interfacing device registers temperature based on millivolts (mV) of
difference, as seen at the TSD. Switching I/O near the TSD pins can affect the
temperature reading. Altera recommends taking temperature readings during
periods of no activity in the device. If the TSD is not connected to an external
temperature sense device, then connect the TSD pins to GND.

Document Revision History

Table 11-3 lists the revision history for this chapter.

Table 11-3. Document Revision History (Part 1 of 2)

Date Version Changes

m Changed chapter title.

January 2011 3.2 ] ]
m Minor text edits.
m Modified Table 11-1.

January 2010 3.1 ) )
m Minor text edits.
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Document Revision History

Tahle 11-3. Document Revision History (Part 2 of 2)

Date Version Changes
m Updated Table 11-2
m Minor text edits

June 2009 3.0

m Updated “External Pin Connections” on page 11-5.
December 2008 2.0 m Updated Figure 11-2.

m Made minor editorial changes.

May 2008 1.0 Initial release.
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Q| Section V. Packaging Information

This section includes the following chapter:

m Chapter 12, HardCopy III Device and Packaging Information

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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A |:| £ )/, 12. HardCopy Ill Device and Packaging
o Information

Introduction

This chapter provides package information for HardCopy® III devices.

Device and Package Information

HardCopy III device and package reference information is listed in Table 12-1.

Table 12-1. HardCopy il Devices in FBGA Packages Reference

Device Package Pins
L . 484

HC325W FineLine BGA - Wire Bond
780
- o 484

HC325F FineLine BGA - Flip Chip
780
- A 1152

HC335L FineLine BGA - Flip Chip
1517
oo o 1152

HC335F FineLine BGA - Flip Chip
1517

“ e For thermal resistance specifications and device package outlines for HardCopy III

devices, refer to the Altera Device Package Information Data Sheet.

Document Revision History

Table 12-2 shows the revision history for this document.

Table 12-2. Document Revision History

Date Version Changes
m Updated Table 12—1: removed device HC315W.
January 2011 3.1
m Used new document template.
m Added non-socket replacement packaging information.
June 2009 3.0
m Updated the new part numbers.
December 2008 2.0 Made minor editorial changes.
May 2008 1.0 Initial release.
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Additional Information

This chapter provides additional information about the document and Altera.

How to Contact Altera

To locate 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
) L Website www.altera.com/training
Technical training - ,
Email custrain@altera.com
Product literature Website www.altera.com/literature
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

The following table shows the typographic conventions this document uses.

Visual Cue

Bold Type with Initial Capital

Indicate command names, dialog box titles, dialog box options, and other GUI
labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters the GUI
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.

Italic Type with Initial Capital Letters

Indicate document titles. For example, Stratix IV Design Guidelines.

italic type

Indicates variables. For example, n+ 1.

Variable names are enclosed in angle brackets (< >). For example, <file name>and
<project name>.pof file.

Initial Capital Letters

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

“Subheading Title”

Quotation marks indicate references to sections within a document and titles of
Quartus Il Help topics. For example, “Typographic Conventions.”
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Additional Information
Typographic Conventions

Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, datal,
tdi, and input. The suffix n denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c: \gdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

“ An angled arrow instructs you to press the Enter key.
1,2.,3.,and Numbered steps indicate a list of items when the sequence of the items is important,
a., b.,c.,andsoon such as the steps listed in a procedure.
[ m Bullets indicate a list of items when the sequence of the items is not important.
e The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.
e The feet direct you to another document or website with related information.

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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fAhl |:| = 0)/) Section I. HardCopy Il Design Flow and
= o Prototyping with Stratix Il Devices

This section provides a description of the design flow and the implementation process
used by the HardCopy Design Center. It also provides information about mapping
Stratix® III devices to HardCopy® III devices and associated power and configuration
requirements. This section includes the following chapters:

m Chapter 1, HardCopy IlI Design Flow Using the Quartus II Software
m  Chapter 2, HardCopy Design Center Implementation Process
m  Chapter 3, Mapping Stratix III Device Resources to HardCopy III Devices

m  Chapter 4, Matching Stratix IIIl Power and Configuration Requirements with
HardCopy III Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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QA | |:| £ )/, 1. HardCopy Il Design Flow Using the
= ® Quartus Il Software

This chapter provides recommendations for HardCopy® III development, planning,
and settings considerations in the Quartus® II software. HardCopy III ASIC devices
are Altera’s low-cost, high-performance, and low-power ASICs with pin-outs,
densities, and architecture that complement Stratix® III FPGA devices. Using the
Quartus II software, you can design with one set of register transfer level (RTL) code
and one IP set for both Stratix Il and HardCopy IIl implementations. This
information helps ensure that your design mapping from the Stratix III FPGA to the
HardCopy III ASIC is successful.

In the Quartus II software version 10.1 SP1, both companion and compilation for the
HardCopy III family are supported. When you select a HardCopy III device from the
Quartus II software, the Stratix III device is compatible with the HardCopy III device
in the areas of pins, I/O standards, logic, and other resources.

HardCopy 1l Development Flow

In the Quartus II software, two methods are available for the HardCopy III
development flow: Stratix III device first flow and HardCopy III device first flow.

m  Stratix III device first flow—Design the Stratix III device first for system functional
verification and then create the HardCopy III companion device. Performing
system verification early helps reduce overall total project development time.

m HardCopy III device first flow—Design the HardCopy III device first and then
create the Stratix III companion device for system functional verification. This
method more accurately predicts the maximum performance of the HardCopy III
ASIC during development. If you optimize your design to maximize HardCopy III
ASIC performance, but are unable to meet your performance requirements with
the Stratix III FPGA, you can still map your design with decreased performance
requirements for in-system verification.

=~ Whichever design flow you choose for your HardCopy III development, both the
target design and the companion device design must be in one Quartus II project.
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Chapter 1: HardCopy Ill Design Flow Using the Quartus Il Software
HardCopy Il Development Flow

Designing with the Stratix lll Device First Flow

The HardCopy III development flow beginning with the Stratix III prototype is very
similar to a traditional Stratix Il design flow, but requires that you perform a few
additional tasks to map the design to the HardCopy III companion device:

1.

Choose a Stratix III device for prototyping.

2. Specify a HardCopy III device for conversion.

3. Compile the Stratix III design.

4. Create and compile the HardCopy III companion revision.

5. Compare the HardCopy III companion revision compilation to the Stratix III

device compilation.

6. Generate the handoff files and reports.

7. Archive the design and send it to Altera to start the back-end design process.
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HardCopy Il Development Flow

Figure 1-1 shows the development process for designing with a Stratix III device first
and creating a HardCopy IIl companion device second.

Figure 1-1. Designing with the Stratix Il Device First Flow

HardCopy IIl Device Development with the Stratix Ill Device First Flow
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Chapter 1: HardCopy Ill Design Flow Using the Quartus Il Software

HardCopy Il Development Flow

Designing with the HardCopy Ill Device First Flow

Designing with the HardCopy III device first flow in the Quartus II software allows
you to maximize performance in the HardCopy III device and map the design to the
Stratix III prototype for in-system verification. The performance of the Stratix III
prototype may be less than the HardCopy III device. For this design flow, you must
select HardCopy III as the target device and Stratix III as the companion device in
the Device Settings dialog box. The remaining tasks required to complete your design
are outlined in Figure 1-2. The HardCopy Advisor adjusts its list of tasks based on the
device family you start with to guide you through the development process.

Figure 1-2. Designing with the HardCopy Ill Device First Flow

HardCopy Il Device Development with the HardCopy Ill Device First Flow
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HardCopy Advisor

HardCopy Advisor

The HardCopy Advisor in the Quartus II software plays an important role in
HardCopy III device development. The HardCopy Advisor guides you through a
sequence of recommendations, descriptions, and actions. You can track your design
progress, generate the design, and complete the comparison archiving and handoff
file that you send to the Altera® HardCopy Design Center.

= To develop the HardCopy III design, run the HardCopy Advisor in the Quartus II
software after you select the Stratix III device and the HardCopy III companion
devices. To run the HardCopy Advisor, on the Project menu, point to HardCopy
Utilities and click HardCopy Advisor.

FPGA and HardCopy Companion Device Planning

For both the HardCopy III device and Stratix III prototype planning, the first stage is
to choose the device family, device density, speed grade, and package that best suits
your design needs. Assuming a Stratix III device first flow, select the Stratix III device
and HardCopy III companion device based on the best resource balance for your
design requirements. Perform this task before compiling your design in a third-party
synthesis tool or the Quartus II software.

“ e For information about the features available in each device density, including logic,
memory blocks, multipliers, and phase-locked loops (PLLs), as well as the various
package offerings and I/O pin counts, refer to volume 1 of the HardCopy III Device
Handbook.

Logic Resources

During HardCopy III device planning, determine the required logic density of the
Stratix III prototype and HardCopy III companion device. Devices with more logic
resources can implement larger and potentially more complex designs. Smaller
devices have less logic resources available and benefit from lower power
consumption. Select a device that meets your design needs with some margin, in case
you want to add more logic later in the design cycle.

“ e For information about logic resources in HardCopy III devices, refer to the

HardCopy 1II Device Family Overview chapter.

1/0 Pin and Package Offering

HardCopy III devices offer pin-to-pin compatibility with Stratix III prototypes,
making them drop-in replacements for FPGAs. Due to this compatibility, the same
system board and software developed for the FPGA prototype can be retained,
enabling faster time to market for high volume production.

HardCopy III devices also offer non-socket replacement mapping for further cost
reductions. For example, you can map the EP3SL110 device in the 780-pin FBGA
package to the HC325 device in the 484-pin FBGA package. Because the pinout for the
two packages are not the same, a separate board design is required for the Stratix III
device and the HardCopy III device.
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FPGA and HardCopy Companion Device Planning

“ =@ TFor the non-socket replacement path, be sure to select I/Os in the Stratix III device
that can be mapped to the HardCopy III device. Not all I/Os in the Stratix III device
are available in the HardCopy III non-socket replacement device. Check the pinout
information for both the Stratix III device and the HardCopy III device to ensure that
you can map successfully and be sure to select the HardCopy III companion device
when designing for the Stratix III device.

When mapping a specific Stratix III device to a HardCopy III companion device, there
are a number of FPGA prototype choices. Table 1-1 shows the mapping options for
the Stratix III prototype and HardCopy III companion device by package.
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Tahle 1-1. Stratix Il FPGA to HardCopy Il ASIC Mapping Paths

5
S HardCopy IlI ASIC Stratix Ill FPGA Prototype and Package (Note 1)
p= EP3SL110 EP3SL150 EP3SE110 EP3SL200 EP3SE260 EP3SL340
3 Device Package
g F780 F780 | F1152 | F780 | F1152 | H780 | F1152 | F1517 | H780 | F1152 | F1517 | H1152 | F1517
s 484-pin
g FineLine BGA v (2) v (2) — v (2) — v (2) — — v (2) — — v (2) —
HC325 Z80pin
-pi
FineLine BGA v 4 — v — v @] — — | v — — v (2 _
1152-pin
FineLine BGA | — — v = = = = v — | v —
HC335 ,
1517-pin
FineLine BGA - — — — — — — v — — v - v

Notes to Table 1-1:

(1) HardCopy Ill device migration paths are not supported for the EP3SL50, EP3SL70, EP3SE50, and EP3SE80 Stratix 111 devices.

(2) This mapping is a non-socket replacement path that requires a different board design for the Stratix Il device and the HardCopy III device.

(3) The Hybrid FBGA package requires additional unused board space along the edges beyond the footprint, but its footprint is compatible with the regular FBGA package.
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1-8 Chapter 1: HardCopy Il Design Flow Using the Quartus Il Software
FPGA and HardCopy Companion Device Planning

“ e For more information about I/O features in HardCopy III devices, refer to the

HardCopy III Device I/O Features chapter in volume 1 of the HardCopy III Device Handbook.
“ e For more information about HardCopy III device packages, refer to the HardCopy I1I
Device Family Overview chapter in volume 1 of the HardCopy 111 Device Handbook.

Memory Resources

The TriMatrix memory in HardCopy III devices supports the same memory functions
and features as Stratix III devices. You can configure each embedded memory block to
be a single- or dual-port RAM, FIFO, ROM, or shift register using the MegaWizard™
Plug-In Manager in the Quartus II software.

HardCopy III embedded memory consists of memory logic array blocks (MLABs),
MOK, and M144K memory blocks and has a one-to-one mapping from the Stratix III
memory. However, the number of available memory blocks differs based on density,
package, and Stratix IIIl FPGA-to-HardCopy III ASIC mapping paths.
“ e For more information about HardCopy IIl embedded memory resources, refer to the
Mapping Stratix 111 Device Resources with HardCopy III Devices chapter.

While all three memory types are dedicated resources in Stratix III devices, only the
MOIK and M144K memory blocks are dedicated resources in the HardCopy III devices.
However, the same functionality of the Stratix IIl MLABs can be supported in
HardCopy III devices. The Quartus II software maps the Stratix Il MLAB function to
the appropriate HCell macro that preserves the memory function. This allows the
HardCopy III core fabric to be used more efficiently, freeing up unused HCells for
adaptive logic modules (ALMs) or digital signal processing (DSP) functions.

Although the memory in HardCopy III devices supports the same memory functions
and features as Stratix III devices, you cannot pre-load or initialize HardCopy III
memory blocks with a Memory Initialization File (.mif) when they are used as RAM.
Unlike Stratix III devices, HardCopy III devices do not have device configuration. The
memory content of HardCopy III devices are random after power-up. Therefore, you
must ensure that your Stratix III design does not require a .mif if the memory blocks
are used as RAM. However, if the HardCopy III memory block is designed as ROM, it
powers up with the ROM contents.

['=~ Use the ALTMEM_INIT megafunction to initialize the RAM after power-up for
HardCopy III devices. This megafunction reads from an internal ROM (inside the
megafunction) or an external ROM (on-chip or off-chip) and writes to the RAM after
power-up.

When using non-registered output mode for the HardCopy III MLABs, the output
powers up with memory content. When using registered output mode for these
memory blocks, the outputs are cleared on power-up. You must take this into
consideration when designing logic that might evaluate the initial power-up values of
the MLAB memory block.
“ e For more information about memory blocks in HardCopy III devices, refer to the
TriMatrix Embedded Memory Blocks in HardCopy III Devices chapter.
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Clock and PLL Planning

DSP Blocks Implementation

The Quartus II software uses a library of pre-characterized HCell macros to place
Stratix III DSP configurations into the HardCopy III HCell-based logic fabric.
Depending on the Stratix III DSP configurations, the Quartus II software partitions
the DSP function into a combination of DSP HCell macros in the HardCopy III device.
This optimizes the DSP function and allows the core fabric to be used more efficiently.
“ e For more information about DSP blocks in HardCopy III devices, refer to the DSP
Blocks Implementation in HardCopy III Devices chapter.

Clock and PLL Planning

To ensure that you map the Stratix III design to a HardCopy III design successfully,
follow these guidelines when implementing your design. They can help make your
design robust, ensuring it meets timing closure and achieves the performance you
need.
“ e For more information about clock scheme and PLL features in HardCopy III devices,
refer to the Clock Networks and PLLs in HardCopy I1I Devices chapter.

Clock Networks and PLL Resources

You must consider the system clocking scheme, timing requirements, and fan-out
requirements during clock networks and PLL resources planning. Matching PLL
resources between Stratix III and HardCopy III devices is determined by the design’s
clocking scheme and timing requirements. For high fan-out signals, use a dedicated
clock resource.

In the Quartus II software, be sure the HardCopy III companion device is selected in
the device selection panel. This ensures that the PLL, other resources used, and the
functions implemented in both the Stratix III and HardCopy III designs match. In
addition, it ensures that the design converts successfully.
“ e For more information about HardCopy III PLL resources, refer to the Mapping
Stratix III Device Resources with HardCopy III Devices chapter.

Add PLL Reconfiguration to Altera IP Blocks

Enable PLL reconfiguration for your design if it uses PLLs. The PLL settings in
HardCopy III companion devices may require different settings from the Stratix III
PLLs because of different clock tree lengths and PLL compensations. By enabling PLL
reconfiguration, you can adjust your PLL settings on the HardCopy III companion
device after the silicon has been fabricated. This allows you to fine tune and further
optimize your system performance.

“% e Forinformation about implementing PLL reconfiguration in Stratix IIl FPGAs, refer to

AN 454: Implementing PLL Reconfiguration in Stratix Il Devices.
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Quartus Il Settings for HardCopy |1l Devices

Use Dedicated Clock Pins

During clock planning, use dedicated clock input pins for high fan-out control signals,
such as asynchronous clears, presets, and clock enables for protocol signals, such as
TRDY and IRDY for PCI Express (PIPE), in global or regional clock networks. These
dedicated routing networks provide predictable delay and minimize skew for high
fan-out signals.

Use dedicated clock pins to drive the PLL reference clock inputs, especially if the
design interfaces with external memories. This minimizes the reference clock input
jitter to the PLLs, providing more timing margin to make the timing closure
successful. For external memory interfaces, Altera recommends using the double date
rate (DDR) register in the I/O element to generate the external memory clocks.

For information about external memory interfaces, refer to the External Memory
Interfaces in HardCopy III Devices chapter.

Quartus 1l Settings for HardCopy lll Devices

The HardCopy III development flow requires additional Quartus II settings when
compared with a typical FPGA-only design flow. This is because the HardCopy III
design is implemented in two devices: a Stratix III prototype and a HardCopy III
companion device. You must take these settings into consideration when developing
your design.

Limit DSP and RAM to HardCopy Device Resources

To maintain compatibility between the Stratix III and HardCopy III devices, your
design must use resources that are common to both families. The Quartus II software
turns on Limit DSP & RAM to HardCopy device resources by default when you
select the Stratix III device and HardCopy III companion device in the Quartus II
software. This prevents the Quartus II software from using resources in the Stratix III
device that are not available in the HardCopy III device.

Figure 1-3 shows the appropriate setting to select in the Companion device section.

Figure 1-3. Limit DSP and RAM to HardCopy Il Device Resources Checkbox

Companion device
HardCopy: |HC325FF730 =
[+ Limit DSP & Rék to HardCopy device resources

[~ The Altera HardCopy Design Center requires that your final Stratix Il and
HardCopy III designs be compiled with the Limit DSP & RAM to HardCopy device
resources setting turned on before submission to the Altera HardCopy Design Center
for back-end implementation.
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Quartus Il Settings for HardCopy 11l Devices

Enable Design Assistant to Run During Compile

You must use the Quartus II Design Assistant to check for design rule violations
before submitting the designs to the Altera HardCopy Design Center. Additionally,
you must fix all critical and high-level errors reported by the Quartus II Design
Assistant. Altera recommends turning on the Design Assistant to run automatically
during development.

To enable the Design Assistant to run during compilation, on the Assignments menu,
click Settings. In the Category list, select Design Assistant and turn on Run Design
Assistant during compilation.

Figure 1-4 shows the Design Assistant.

Figure 1-4. Enabling the Design Assistant
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1/0 Assignment Settings

Due to the complex rules governing the use of I/O cells and their availability for
specific pins and packages, Altera recommends that I/O assignments be completed
using the Pin Planner tool and the Assignment Editor in the Quartus II software.
These tools ensure that all of the rules regarding each pin and I/O cell are applied
correctly. The Quartus II software can export a .Tcl script containing all I/ O
assignments.
“ e For more information about I/O location and type assignments using the Quartus II
Assignment Editor and Pin Planner tools, refer to the Assignment Editor chapter in
volume 2 of the Quartus II Handbook.
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To ensure that the HardCopy IIl mapping is successful, you must make accurate I/O
assignments that include pin locations, I/O standards, drive strengths, and
capacitance loading for the design. Ensure that the I/O assignments are compatible
with all selected devices. Altera recommends not leaving any I/O with an unassigned
I/0 assignment.

The I/0 pins of a Stratix III device and a HardCopy III device are arranged in groups
called modular I/O banks. When mapping between a Stratix III device and a
HardCopy III device, the I/O pin location must be assigned to the available common
I/0 banks for both devices. Because HardCopy III devices have fewer I/O banks than
Stratix III devices, the Quartus II software limits the I/O banks to only those available
in HardCopy III devices.

For more information about I/O banks and pins in HardCopy III devices, refer to the
HardCopy III Device I/O Features chapter.

HardCopy III I/O buffers can only support the 3.0 V I/O standard with a maximum
Vccio of 3.0 V. Therefore, when specifying the I/O standard for the Stratix III FPGA
device with the HardCopy III companion device already selected, make sure to
choose an I/0O standard with a Vo of 3.0 V or below. Selecting an I/O standard that
requires a Vcio of 3.3 V results in a compilation error.

For more information about HardCopy II1 1/O buffers and the standards they support, refer to
the DC and Switching Characteristics chapter.

It is essential to constrain the I/O standards for the design. If you leave the I/O with
an unassigned 1/0 assignment, the Quartus II software assigns the I/O standard to
2.5 V by default. This standard may not be compatible with your intended I/O
standard. To check the supported 1/O standards and identify incompatible I/O
settings on the assigned I/Os, run the Quartus II I/O Assignment Analysis to verify
the I/O settings and assignments. To run I/O Assignment Analysis, on the Processing
menu, point to Start, then click Start I/O Assignment Analysis.
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Figure 1-5 shows the I/O assignment analysis in the Quartus II software.

Figure 1-5. Start I/0 Assignment Analysis
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The default output drive strength in the Quartus II software might not be appropriate
for your application. Altera recommends verifying the correct output drive strength
for the design. Assigning the right output drive strength improves signal integrity
while achieving timing requirements. In addition, the output capacitance loading for
both the output and bidirectional pins must be set in the I/O assignment for a
successful HardCopy compilation.

Physical Synthesis Optimization Settings

When you develop a HardCopy III device with the Quartus II software, you can
target physical synthesis optimizations to the FPGA architecture in Stratix III-device
first flow or the HardCopy architecture in the HardCopy Ill-first flow. The
optimizations in the base revision are mapped to the companion device architecture
during the mapping process and the post-fitting netlists of both devices are generated
and compared. Therefore, you must have the identical physical synthesis settings for
both the HardCopy III ASIC and Stratix III FPGA revisions in order to avoid revision
comparison failure.

To enable Physical Synthesis Optimizations for the Stratix IIIl FPGA revision of the
design, on the Assignments menu, click Settings. In the Settings dialog box, in the
Category list, expand Fitter Settings. These optimizations are passed into the
HardCopy III companion revision for placement and timing closure. When designing
with a HardCopy III device first, you can enable physical synthesis optimizations for
the HardCopy III device, and these post-fit optimizations are passed to the Stratix III
FPGA revision.
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L=~ Beginning with the Quartus II v9.0 software, the Physical Synthesis Optimizations
settings changed. If a HardCopy III device is set as a companion device, the Physical
Synthesis Optimization setting in the Stratix IIl FPGA or HardCopy III ASIC revision
supports the Perform physical synthesis for combination logic and Perform register
retiming options. In addition, the effort level of physical synthesis optimization is set
to Fast by default.

Timing Settings

For HardCopy III device development, you must use the TimeQuest Timing Analyzer.
In the Quartus II software, TimeQuest Timing Analyzer is the default timing analyzer
for Stratix IIl and HardCopy III designs. The TimeQuest Timing Analyzer guides the
Quartus II Fitter and analyzes timing results during each Stratix III and HardCopy III
design compilation.

For information about how to set the Quartus II Fitter to use timing-driven
compilation, refer to “Quartus II Fitter Settings” on page 1-19.

Timing Constraints for the TimeQuest Timing Analyzer

The TimeQuest Timing Analyzer is a powerful ASIC-style timing analysis tool that
validates timing in your design using industry-standard constraint, analysis, and
reporting methodology. You can use the TimeQuest analyzer’s GUI or command-line
interface to constrain, analyze, and report results for all timing paths in your design.

Before running the TimeQuest analyzer, you must specify initial timing constraints
that describe the clock characteristics, timing exceptions, signal transition arrival, and
required times. You can specify timing constraints in the Synopsys Design Constraints
File (.sdc) format using the TimeQuest analyzer GUI or the command-line interface.
The Quartus II Fitter optimizes the placement of logic to meet your constraints.

The TimeQuest analyzer analyzes the timing paths in the design, calculates the
propagation delay along each path, checks for timing constraint violations, and
reports timing results as slack in the Report and Console panels. If the TimeQuest
analyzer reports any timing violations, you can customize the reporting to view
precise timing information about the specific paths, and then constrain those paths to
correct the violations. When your design is free of timing violations, you can be
confident that the logic will operate as intended in the target device.

The TimeQuest analyzer is a complete static timing analysis tool that you can use as a
sign-off tool for the Stratix III design. For the HardCopy III design, the Altera
HardCopy Design Center uses the PrimeTime timing analyzer as the sign-off tool for
back-end implementation.
“ e For more information about how to create .sdc format timing constraints, refer to the
Quartus II TimeQuest Timing Analyzer chapter in volume 3 of the Quartus 11
Handbook.
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TimeQuest Multicorner Timing Analysis Setting

The Altera HardCopy Design Center requires that all HardCopy handoff files include
a TimeQuest analyzer timing report for design review. In the TimeQuest analyzer
timing report, you must include both fast- and slow-corner timing analysis for setup,
hold, and I/O paths. To do this, enable the Multicorner timing analysis during
compilation option on the TimeQuest Timing Analyzer page in the Quartus II
software. This option directs the TimeQuest analyzer to analyze the design and
generate slack reports for the slow and fast corners. Figure 1-6 shows the settings you
must enable so that the TimeQuest analyzer generates the appropriate reports.

Figure 1-6. TimeQuest Multicorner Timing Analysis Setting
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For the HardCopy development flow, the Quartus II design software offers
incremental compilation to preserve the compilation results for unchanged logic in
your design. This feature dramatically reduces your design iteration time by focusing
new compilations only on changed design partitions. New compilation results are
then merged with the previous compilation results from unchanged design partitions.

There are two approaches of incremental compilation in the Quartus II software:
m Top-down incremental compilation
m Bottom-up incremental compilation

Bottom-up incremental compilation flow is not supported for designs targeting
HardCopy ASICs.
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For large, high-density and high-performance designs in Stratix FPGAs and
HardCopy ASICs, use top-down incremental compilation. Top-down incremental
compilation facilitates team-based design environments, allowing designers to create
and optimize design blocks independently. Begin planning for incremental
compilation from the start of your design development. To take advantage of
incremental compilation flow, split the design along any of its hierarchical boundaries
into blocks called design partitions.

In the Quartus II software, the same procedures create design partitions in the
HardCopy ASIC and Stratix FPGA revisions.

- For more information about creating design partitions, refer to the Quartus II

Incremental Compilation for Hierarchical and Team-Based Design chapter in volume 1 of

the Quartus II Handbook.

In the Quartus Il software, the full Incremental Compilation option is on by default, so
the project is ready for you to create design partitions for incremental compilation.
Figure 1-7 shows the full Incremental Compilation page in the Quartus II software.

Figure 1-7. Quartus Il Incremental Compilation Option
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If you do not create design partitions in a design, the Quartus II software uses a flat

compilation flow, and you cannot use Incremental Compilation.
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Top-Down Incremental Compilation

Top-down incremental compilation is supported for the base revision for designs
targeting HardCopy ASICs in both the FPGA first flow and HardCopy first flow. In
the Quartus II design software, you must select the base and companion revisions
before design partitions of the base revision are created.

After the design partitions are created in the Quartus II design software, the base
revision is compiled and the design partition assignments are mapped to the
companion device. In the HardCopy development flow, you make changes only in the
base revision's design and design partition assighments with the Quartus II design
software. Therefore, you can perform top-down incremental compilation only in the
base revision, but cannot perform incremental compilation to the companion revision.
Figure 1-8 shows the design “Top” with two design partitions.

Figure 1-8. Quartus Il Project with Design Partitions

Top

Partition “inst3” Partition “inst2”

After the design partitions are created and compiled in the base family revision, you
can modify the specific design partitions for additional area and performance
improvement. Figure 1-9 shows that when the logic is modified in partition “inst3”
the Quartus II software is ready to re-compile the individual hierarchical design
partition separately, based on the preservation level in the Design Partition Window.
Therefore, the optimization result of design partitions “top” and “inst2” are preserved
while the partition “inst3” is re-compiled in the Quartus II design software.

Figure 1-9. Design Partition Modified

Top
Partition “inst3” Partition “inst2”
(No Change)
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Before recompiling the design, you can set the Netlist Type in the Design Partition
Window to Source File, Post-Synthesis, or Post-Fitting to preserve the Netlist Type of
each design partition. Figure 1-10 shows the Design Partition Window with the
Post-Fit preservation level for the design partitions “top” and “inst2.” This allows the
Quartus II design software to re-compile the design partition “inst2” from the source
file, but preserves the post-fitting results of design partitions “top” and “inst3.”

Figure 1-10. Design Partition Window
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The Quartus II software merges the new compiled design partition “inst3” into a
complete netlist for subsequent stages of the compilation flow. Design partitions
“top” and “inst2” in the design do not perform incremental compilation because their
logic must be preserved. Therefore, the compilation time for the overall design is
reduced.

Top-Down Incremental Compilation with Empty Design Partitions

Bottom-up incremental compilation is not supported in the HardCopy development
flow. During the initial stage of the design cycle, part of the design may be incomplete
or developed by a different designer or IP provider. However, you can create an
empty partition for this part of the design while compiling the completed partitions,
and then save the results for the complete partitions while you optimize the imported
part of the design.

"=~ You can often use a top-down flow with empty partitions to implement behavior
similar to a bottom-up flow, as long as you do not change the global assignments
between compilations. All global assignments must be the same for all compiled
partitions, so the assignments can be reproduced in the companion device after

mapping.

L=~ For the HardCopy development flow, create an empty partition in the base device
because it cannot be created in the companion revision.

Creating an empty partition in a design is similar to creating a regular design partition
in the Quartus II software. When the logic within a specific design partition is
incomplete, use the following instructions to set the Netlist Type to Empty.

1. On the Assignment menu, click Design Partitions Window.

2. Double-click an entry under the Netlist Type column and select Empty.
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This setting specifies that the Quartus II Compiler must use an empty placeholder
netlist for the partition. Figure 1-11 shows the Empty partition setting in the Design
Partition window.

Figure 1-11. Design Partition with Empty Netlist Type
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When a partition Netlist Type is defined as Empty, virtual pins are automatically
created at the boundary of the partition. This means that the software temporarily
maps the I/O pins in the lower-level design entity to the internal cells instead of the
pins during compilation. Any child partitions below an empty partition in the design
hierarchy are also automatically treated as empty, regardless of their settings.

After the design partition with the empty Netlist Type is completed and you have
defined “inst3” in the top module, the Quartus II software is ready to recompile the
“inst3” design partition.

First, set the Netlist Type of the design partition “inst2” to the specific preservation
target, such as Post-Synthesis or Post-Fit to preserve the performance results from the
previous compilation. Before you recompile the design, ensure that you set the Netlist
Type of the design partition “inst3” to Source File because this is new design source
for the Quartus II software.

As in the traditional top-down design flow, the Quartus II software merges the new
compiled design partition “inst3” into a complete netlist for the subsequent stages of
the compilation flow. Therefore, the turnaround time for the design compilation is
reduced.

Quartus Il Fitter Settings

To make the HardCopy III device implementation more robust across process,
temperature, and voltage variations, the Altera HardCopy Design Center requires
that you enable Multicorner Optimization for the Quartus II Fitter. This setting
controls whether the Fitter optimizes a design to meet timing requirements at the
fast-timing process corner and operating condition, as well as at the slow-timing
process corner and operating condition. The Altera HardCopy Design Center also
requires that you enable the Optimize hold timing setting for the Quartus II Fitter.
This setting allows the Fitter to optimize hold time by adding delay to the appropriate
paths.
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Figure 1-12 shows the Optimize multi-corner timing and Optimize hold timing
settings in the Fitter Settings panel.

Figure 1-12. Quartus Il Fitter Settings for Optimization Multicorner and Hold Time Fix

< Settings - jack _ddr3_example _top

Category:

General
Files
Libraries
operating Settings and Conditions
Valtage
Temperature
iZompilation Process Settings
Eatly Timing Estimate
Increrental Compilation
Phrysical Synthesis Optimizations
EDA Tool Settings
Design Entry/Synthesis
Sirmulakion
Timing Analysis
Formal Yerification
Eard-Level
Analysis & Synthesis Settings
YHDL Inpuk
Vetilog HOL Input
Default Parameters
Fitter Settings
TimeCuest Timing Analyzer
Assembler
Design Assistant
SignalTap II Logic Analvzer
Logic Analyzer Interface
PowerPlay Power Analyzer Settings
SSM Analyzer

Spercify aptions for fitting.
Timing-driven compilation
Optimize hold timing: | All Paths v

Optimize mulki-carner timing

PowerPlay power optimization: |Mormal compilation =
Fitter effort
(&) Auto Fit {reduce Fitter effort after meeting timing requirements)
Desired warst case slack {margin): |0 ns ¥
() standard Fit (highest effort)

() Fast Fit {up ko 50% Faster compilation | may reduce Frmas)

[ Limit ko one Fitting attemnpt

Seed: |1

More Settings...

Descripkion:

Controls whether the Fitter optimizes a design ta meet kiming requirements at all process corners and operating s
conditions, The Optimize Timing logic option must be enabled For this option to work, When this setting is turned

off, designs are optimized ta meet timing only at the slow timing process corner and operating condition. When this
option is turned on, designs are optimized ko mest timing at &ll corners and operating conditions; as a result, e

[ 14 ] [ Cancel ] [ Apply ] [ Help

HardCopy Design Readiness Check

The HardCopy Design Readiness Check (HCDRC) feature checks issues that must be
addressed before handing off the HardCopy III design to the Altera HardCopy Design
Center for the back-end implementation process. In the Quartus II software, the
HCDRC includes logic checks such as PLL, RAM, and setting checks (Global Setting,
Instance Setting, and Operating Setting) that were previously done in the HardCopy
hand-off report. Beginning with the Quartus II software version 8.0, the default
setting for running HCDRC is On. You can run HCDRC at post-Fitter either turned on
through the Quartus Settings File (.qsf) or GUIL
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Figure 1-13 shows the HardCopy Design Readiness Check in the Quartus II software.

Figure 1-13. HardCopy Design Readiness Check in the Quartus Il Software
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“ e For more information about the HardCopy Design Readiness Check, refer to the

Quartus I Support for HardCopy Series Devices chapter in volume 1 of the Quartus II
Handbook.

Timing Closure and Verification

After compiling the project for the Stratix III and HardCopy III designs, check the
device used and verify that the design meets your timing requirements. Analyze the
messages generated by the Quartus II software during compilation to check for any
potential problems. Also verify the design functionality between the Stratix III and
HardCopy III devices with the HardCopy Companion Revision Comparison option
in the Quartus II software.

Timing Closure with the TimeQuest Timing Analyzer

The TimeQuest Timing Analyzer is the timing analysis tool for all HardCopy 111
devices during the front-end design process; it is the default timing analyzer for
Stratix III and HardCopy III devices in the Quartus II software.

After you specify the initial timing constraints that describe the clock characteristics,
timing exceptions, and signal transition arrival and required time in the .sdc, the
TimeQuest analyzer analyzes the timing paths in the design, calculates the
propagation delay along each path, checks for timing constraint violations, and
reports timing results.

March 2012  Altera Corporation HardCopy 1l Device Handbook, Volume 2: Design Flow and Prototyping

Downloaded from AFFOW.Com.


http://www.altera.com/literature/hb/qts/qts_qii51004.pdf
http://www.arrow.com

1-22

Chapter 1: HardCopy Ill Design Flow Using the Quartus Il Software
Timing Closure and Verification

From the TimeQuest analyzer settings in the Quartus II software, ensure that the
TimeQuest analyzer has the Enable multicorner timing analysis during compilation
check box selected. This setting is necessary to achieve timing closure for the
HardCopy III ASIC design. By default, the TimeQuest analyzer has this setting
enabled to analyze the design against best-case and worst-case operating conditions
during compilation (Figure 1-14).

To direct the TimeQuest analyzer to remove the common clock path pessimism during
slack computation in the Quartus II software, select the Enable common clock path
pessimism removal option in the TimeQuest Timing Analyzer page (Figure 1-14).

Figure 1-14. TimeQuest Timing Analyzer Enable Multicorner Timing Analysis During Compilation and Enable Common
Clock Path Pessimism Removal Options

< Settings - jack_ddr3_example_top

Category:

General
Files
Libraries

Voltage

Sirnulation

Board-Level

WHOL Input

L

Assembler
Design Assistant
SignalTap II Logic Analyzer

Logic Analyzer Interface Enable Advanced I/O Timing Enable multicorner timing analysis during compilation

[= Operating Settings and Conditions

Temperature
[=h Compilation Process Settings
Early Timing Estimate File name: E] Add
Incremental Comnpilation
Physical Synthesis Optimizations File Mame | Type
=} EDA Tool Settings
Design Entry/Synthesis

Timing Analysis
Formal Yerification Cown

[=h Analysis & Synthesis Settings

Werilog HOL Input
Default Parameters

PowerPlay Power Analyzer Settings

TimeQuest Timing Analyzer

Specify TimeCuest Timing Analyzer options.,

5D files to include in the project

Remaove

Up

35N Analyzer Enable cormman clock path pessimism removal [ Report worst-case paths during compilation
Tcl Script File For customizing reports during compilation
Tcl Script: File name: E]
Metastability analysis
Synchronizer identification: | OFF hd
Description:
Associakes a Synopsys Design Constraint File { sdc) with this project,
[o]4 ] [ Cancel Apply
Verification
The Quartus II software uses companion revisions in a single project to promote
conversion of your design from a Stratix IIIl FPGA to a HardCopy III ASIC. This
methodology allows you to design with one set of register transfer level (RTL) code to
be used in both the Stratix III and HardCopy III designs, guaranteeing functional
equivalency.
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Engineering Change Order

(ECO)

When making changes to your design in a companion revision, use the Compare
HardCopy Companion Revisions feature in the Quartus II software to ensure that
your Stratix III and HardCopy III designs match functionality and compilation
settings. You must perform this comparison after both Stratix Il and HardCopy III
designs are compiled and before you hand off the design to the Altera HardCopy
Design Center. Figure 1-15 shows how to navigate to the companion revisions
comparison. On the Project menu, point to HardCopy Utilities and click Compare
HardCopy Companion Revisions.

Figure 1-15. Compare HardCopy Companion Revisions

File  Edit

Wiew |Pr0ject Assignments  Processing  Tools  Window  Help

” O WG Addcuremfeto Project —L, ||§ P EWBS | o | -
m Add{Remove Files in Project. ..
Entity @ Revisions. ..
Stratiz 1Il: E Copy Project...
b B desHR

Status

"Hieralch_l,l I E Import Database. ..

Archive Project. ..
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Engineering Change Order (ECO)

During the last stage of the design cycle, it is critical to implement a specific portion of
the design, without affecting the rest of its logic. As described in the previous section,
Incremental Compilation can implement and manage certain partitions of the design,
and preserve the optimization results for the rest of the design. However, this
becomes difficult to manage because Engineering Change Orders (ECOs) are often
implemented as last-minute changes to your design.

The Quartus II software provides the Chip Planner tool and the Resource Property
Editor for ECO operations to shorten the design cycle time significantly. For the
HardCopy development flow, ECOs occur in the Stratix FPGA revision and you make
the changes directly to the post place-and-route netlist. When you switch to the
HardCopy ASIC revision, apply the same ECOs, run the timing analysis and
assembler, perform a revision compare, and then run HardCopy Netlist Writer for
design submission.
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ECOs can be categorized in two ways for HardCopy development:
m Migrating one-to-one changes

m  Migrating changes that must be implemented differently

Migrating One-to-One Changes

Some examples of migrating one-to-one changes are changes such as creating,
deleting, or moving pins, changing pin or PLL properties, or changing pin
connectivity (provided the source and destination of the connectivity changes are
I/0s or PLLs).

To duplicate the same ECO in the Quartus II software, use the Change Manager and
record all ECOs for the FPGA revision. Ensure that the same ECO operations occur on
each revision for both the Stratix FPGA and HardCopy ASIC revisions to avoid a
revision comparison failure.

To generate a .tcl script of the ECO operations in the Stratix FPGA revision and apply
it to the HardCopy revision, follow these steps:

1. In the Stratix FPGA revision, open Change Manager.
2. On the View menu, click Utility Windows and select Change Manager.

3. Perform the ECO in the Chip Planner or Resource Property Editor. You will see
the ECO operations in the Change Manager.
“ e For the information about ECO operations in the Stratix FPGA revision, refer to the
Engineering Change Management with the Chip Planner chapter in volume 2 of the
Quartus I1 HandBook.

4. Export the ECO operations from the Change Manager to Tcl Script. On the
Change Manager, right mouse click the entry. Click Export, and then click Export
All Changes AS...

5. Save the .tcl script, to be used in the HardCopy revision.

In the HardCopy revision, apply the .tcl script to the companion revision using the
following procedure.

1. Open the generated .tcl script from the Quartus II software or a text editor tool.
Edit the line project_open <project> - revision <revision> to refer to the
appropriate companion revision. Save the .tcl script.

2. Apply the .tcl script to the companion revision. On Tools menu, scroll the Tcl
Scripts pull-down menu, and select ECO Tcl and click Run.

Migrating Changes that Must be Implemented Differently

Unlike migrating changes one-to-one, some changes must be implemented on the
Stratix FPGA and HardCopy ASIC revisions differently. Changes affecting the logic of
the design can fall into this category. Examples of these are LUTMASK changes,
LC_COMB/HSADDER creation and deletion, and connectivity changes not covered
in the previous section.
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=@ Tor a summary of suggested implementation changes, refer to the Quartus II Support
for HardCopy Series Devices chapter in volume 1 of the Quartus II Handbook.

PLL settings are another example of implementing changes differently on the Stratix
FPGA and the HardCopy ASIC revisions. Sometimes PLL-generated clocks must be
modified to provide a higher-frequency clock in HardCopy devices to improve the
performance of the HardCopy device without changing the performance of the Stratix
FPGA. You must handle the modification correctly so that the HardCopy Companion
Revision Comparison utility does not generate critical errors.

To set different PLL settings for the Stratix FPGA and HardCopy revisions, you must
have different PLL source files. Each PLL must have the same module name, so that
the same PLL in both revisions is not treated differently during the HardCopy
Revision Comparison stage. You must have two PLL files with different names that
reference the same module.

When starting HardCopy development with the FPGA first flow to override the file
naming convention so that the same PLL module can be referenced by two different
PLL files, complete the following steps:

1. Specify the PLL source file in the QSF file in the Stratix FPGA revision.
For example, set_global assignment -name MIGRATION DIFFERENT SOURCE FILE
pll fgpa.v

L=~ Note that when there are multiple PLL source files, you must use multiple
assignments to specify the PLL source files.

2. Compile the Stratix FPGA revision in the Quartus II software.

3. After creating the HardCopy revision, modify the PLL source file manually or
with the MegaWizard Plug-In Manager in order to improve the performance in the
HardCopy revision.

=~ When the MegaWizard Plug-In Manager updates the new source file, it
modifies the top-level name of the module or entity in the source file to
match the name of the source file. Therefore, you must rename the module
or entity after you have updated the file with the MegaWizard Plug-In
Manager so that your top-level design instantiates the PLL with the newly
modified PLL design file.

4. After updating the PLL source file in the HardCopy revision, verify that the QSF
source file setting contains the newly modified PLL source file. For example,
set global assignment -name VERILOG FILE pll hc.v

5. Compile the HardCopy revision in the Quartus II software.

After compilation is completed, run the HardCopy companion Revision Comparison
utility to observe and track the changes made to the PLLs and design settings. These
changes are captured as critical warnings in the revision comparison report and must
be reviewed by the HardCopy Design Center before the design is accepted for

mapping.
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HardCopy IIl Handoff Process

To submit a design to the Altera HardCopy Design Center for design review and
back-end implementation, generate a HardCopy III handoff report and archive the
HardCopy III project.

Before you generate the HardCopy III handoff report, you must first successfully
perform the following tasks:

m  Compile both Stratix III and HardCopy III revisions of the design.
m Run the Compare HardCopy Companion Revision utility.

Archive the HardCopy Il project and submit it to the Altera HardCopy Design Center
for back-end implementation. This is the last step in the HardCopy III design flow.
The HardCopy III archive utility creates a different Quartus II Archive File (.qar) than
the standard Quartus II project archive utility generates. This archive contains only
the data from the Quartus II project needed to implement the design in the Altera
HardCopy Design Center.

To use the Archive HardCopy Handoff Files utility, you must perform all tasks for
generating a HardCopy III handoff report.

After you generate a HardCopy III handoff report, select the handoff option. On the
Project menu, point to HardCopy Utilities and click Archive HardCopy Handoff
Files.

The Archive HardCopy Handoff Files utility archives your design, settings, results,
and database files for delivery to Altera. These files are generated at the same
directory level as the targeted project created with an _hc extension.
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Document Revision History

Table 1-2 lists the revision history for this chapter.

Tahle 1-2. Document Revision History

Date Version Changes
March 2012 3.3 Updated Table 1-1: removed device HC315.
January 2011 3.2 Updated for Quartus Il software version 10.1.
m Added “Physical Synthesis Optimization Settings” on page 1-13.
January 2010 3.1 m Added “Incremental Compilation” on page 1-15.
m Added “Engineering Change Order (ECO)” on page 1-23.
m Updated Table 1-1.
June 2009 3.0 m Removed Tables 1-2 and 1-3.
m Minor text edits.
m Updated “Introduction” and “I/O Pin and Package Offering.”
m Updated Table 1-2, Table 1-4, and Table 1-6.
May 2009 2.1 m Updated Figure 1-1, Figure 1-2, Figure 1-4, Figure 1-6, Figure 1-7, and Figure 1-9.
m Removed the Reference Documents and Conclusion sections.
m This chapter was listed as p/n 52001 in release version 2.0.
December 2008 2.0 Minor text edits.
May 2008 1.0 Initial release.
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A |:| =/ 2. HardCopy Design Center
® Implementation Process

This chapter discusses the HardCopy® III back-end design flow executed by the
Altera® HardCopy Design Center when developing your HardCopy III device.

HardCopy Il Back-End Design Flow

This section outlines the back-end design process for HardCopy III devices.

Figure 21 illustrates these steps. The design process uses both proprietary and
third-party EDA tools.

Figure 2-1. HardCopy Il Back-End Design Flow
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Note to Figure 2—-1:

(1) Refer to Figure 2-2 for more information about the timing ECO.
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Design Netlist Generation

For HardCopy III designs, the Quartus® II software generates a complete Verilog
gate-level netlist of your design. The HardCopy Design Center uses the netlist to start
the back-end process. In addition to the Verilog gate-level netlist, the Quartus II
software generates information as part of the design database submitted by you to the
Altera HardCopy Design Center. This information includes timing constraints,
placement constraints, and global routing information. Generation of this database
provides the HardCopy Design Center with the necessary information to complete
the design of your HardCopy III device.

Design for Testahility

The HardCopy Design Center inserts the necessary test structures into the
HardCopy III Verilog netlist. These test structures include full-scan capable registers
and scan chains, JTAG, and memory testing. After adding the test structures, the
modified netlist is verified using third-party EDA formal verification software against
the original Verilog netlist to ensure that the test structures have not broken your
netlist functionality. “Formal Verification of the Processed Netlist” explains the formal
verification process.

Clock Tree and Global Signal Insertion

Along with test insertion, the HardCopy Design Center adds a local layer of clock tree
buffering to connect the global clock resources to the locally placed registers in the
design. Global signals with high fan-out can also use dedicated global clock resources
built into the base layers of all HardCopy III devices. The HardCopy Design Center
does local buffering.

Tie-0ff Connections for Unused Resources

If an unused resource in a customer design still exists in the HardCopy III database,
the HardCopy Design Center uses special handling on the tie-off connections for these
resources. I/O ports of unused resources are connected to power or ground so that the
resources are in a lower power state. This is achieved by using the same metal layers
that are used to configure and connect all resources used in the design.

Formal Verification of the Processed Netlist

After all design-for-testability logic, clock tree buffering, global signal buffering, and
tie-off connection are added to the processed netlist, the HardCopy Design Center
uses third-party EDA formal verification software to compare the processed netlist
with your submitted Verilog netlist generated by the Quartus II software. Added test
structures are constrained to bypass mode during formal verification to verify that
your design’s intended functionality is unchanged.
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Timing and Signal Integrity Driven Place and Route

Placement and global signal routing is principally done in the Quartus II software
before submitting the HardCopy III design to the HardCopy Design Center. With the
Quartus II software, you control the placement and timing driven placement
optimization of your design. The Quartus II software also does global routing of your
signal nets, and passes this information in the design database to the HardCopy
Design Center to do the final routing. After the design is submitted, Altera engineers
use the placement and global routing information provided in the design database to
do final routing and timing closure, and to perform signal integrity and crosstalk
analysis. This may require buffer and delay cell insertion in the design through an
engineering change order (ECO). The resulting post place and route netlist is verified
again with the source netlist and the processed netlist to guarantee that functionality
was not altered in the process. For more details about back-end timing closure and
timing ECOs, refer to “Back-End Timing Closure” and “Timing ECOs”.

Parasitic Extraction and Timing Analysis

After the HardCopy Design Center places and routes your design, a .gds2 design file
is generated. Parasitic extraction uses the physical layout of the design stored in the
database to extract the resistance and capacitance values for all signal nets in the
design. The HardCopy Design Center uses these parasitic values to calculate the path
delays through the design for static timing analysis and crosstalk analysis.

Back-End Timing Closure

The Quartus II software provides a pre-layout estimation of your HardCopy III
design performance. The Altera HardCopy Design Center then uses industry leading
EDA software to complete the back-end layout and extract the final timing results
prior to tape-out. Altera performs rigorous timing analysis on the HardCopy 111
design during its back-end implementation, ensuring that it meets the required timing
constraints. After generating the customized metal interconnect for the HardCopy 111
device, Altera checks the design timing with a static timing analysis tool. The static
timing analysis tool may report timing violations, which are reviewed with the
customer.

The critical timing paths of the HardCopy III device may be different from the
corresponding paths in the Stratix IIIl FPGA revision; these differences can exist for
several reasons. While maintaining the same set of features as the corresponding
Stratix IIl FPGA, HardCopy III devices have a highly optimized die size to make them
as small as possible. Because of the customized interconnect structure that makes this
optimization possible, the delay through each signal path is different from the original
Stratix III FPGA design. Therefore, it is important to constrain the Stratix III FPGA
and HardCopy III devices to the exact, system-level timing requirements that need to
be achieved. Timing violations seen in the Quartus II project or in the HardCopy
Design Center back-end process must be fixed or waived prior to the design tape-out.

Timing ECOs

In an ASIC design, small incremental changes to a design database are termed ECOs.
In the HardCopy III design flow, timing closure ECOs are performed by Altera’s
HardCopy Design Center after the initial post-layout timing data is available.
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The Altera HardCopy Design Center runs static timing analysis on the design. This
analysis may show that the place and route tool was not able to close timing
automatically on some paths. The HardCopy Design Center engineer will determine
the best way to fix the timing on these paths (for example, by adding delay cells to fix
a hold time violation). This list of changes is fed back into the place and route tool
which subsequently implements the changes. The impact to the place and route
database is minimized by maintaining all of the pre-existing placement and routing,
and only changing the paths that need improvement.

The parasitic resistances and capacitances of the customized interconnect are
extracted, and are used in conjunction with the static timing analysis tool to re-check
the timing of the design. Detected crosstalk violations on signals are fixed by adding
additional buffering to increase the setup or hold margin on victim signals. In-line
buffering and small buffer tree insertion is done for signals with high fan-out, high
transition times, or high capacitive loading. Figure 2-2 shows this flow in more detail.

Figure 2-2. Timing Closure ECO Flow Diagram
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The back-end flow produces the final signoff timing for your HardCopy III device.
The Quartus II software produces the timing report for HardCopy III based on global
routing and does not factor in the exact physical parasitic of the routed nets. The
Quartus II software also does not factor in the crosstalk effect that neighboring nets
can have on interconnect capacitance.
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Conclusion

Formal Verification of the Post-Layout Netlist

In addition to the .gds2 file and parasitic files that are generated by the HardCopy
Design Center, the post-layout netlist is also generated for formal verification with
Stratix III FPGAs. The HardCopy Design Center checks the functional equivalence
between the Stratix III FPGA prototype and HardCopy III device according to the

Stratix III .sof file and HardCopy III post-layout netlist.

Layout Verification

When the Timing Analysis reports that all timing requirements are met, the design
layout goes into the final stage of verification for manufacturability. The HardCopy
Design Center performs physical Design Rule Checking (DRC), antenna checking of
long traces of signals in the layout, and a comparison of layout to the design netlist,
commonly referred to as Layout Versus Schematic (LVS). These tasks guarantee that
the layout contains the exact logic represented in the place-and-route netlist and the
physical layout.

Design Signoff

Conclusion

The Altera HardCopy III back-end design methodology has a thorough verification
and signoff process, guaranteeing your design’s functionality. Signoff occurs after
completing the final place-and-route netlist functional verification, layout verification
for manufacturability, and timing analysis. After achieving all three signoff points,
Altera begins the manufacturing of the HardCopy III devices.

Altera’s back-end design methodology ensures that your design converts successfully
from your Stratix III FPGA prototype to the HardCopy III ASIC. Altera’s unique
system development methodology offers an excellent way for you to benefit from
using a Stratix III FPGA for design prototyping and debugging, and using a
HardCopy III ASIC for volume production.

Document Revision History

Table 2-1 shows the revision history for this document.
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= 0)/) 3. Mapping Stratix Il Device Resources

® to HardCopy Ill Devices

This chapter discusses the available options for mapping from a Stratix® III device to a
HardCopy® III device.

The Quartus II software limits resources to those available to both the Stratix IIl FPGA
and the HardCopy III ASIC. It also ensures that the design revision targeting a
HardCopy III device retains the same functionality as the original Stratix III design.

When compiling designs with the Quartus II software, you can specify one
HardCopy III target device and one or more Stratix III mapping devices. When you
specify at least one mapping device, the Quartus II compiler constrains I/O pins and
relevant hard IP blocks to the minimum resources available in any of the selected
mapping devices. This feature allows vertical mapping between devices using the
same package footprint.

Selecting a HardCopy III device as a companion device is similar to adding another
Stratix III device to the mapping device chain. The Quartus II software compiles the
design to use the common resources available in all of the selected Stratix III and
HardCopy III devices.

The HardCopy III companion device becomes the target device when you create the
HardCopy companion revision.
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Figure 3-1 shows the Device page of the Settings dialog box, where you choose the
companion device for the target device selected. The Device panel lists appropriate
companion devices based on the target device you select.

Figure 3-1. Quartus Il Device Settings Page with HardCopy lll Device Selected as Companion Device
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When you select a HardCopy III companion device, the Quartus II software fits your
design to common resources in the I/Os, clock structures, PLLs, memory blocks, and
core logic for digital signal processing (DSP).
“ e For more information about compiling with Stratix IIl and HardCopy III companion

revisions using the Quartus II software, refer to the Quartus II Support for HardCopy
Series Devices chapter in volume 1 of the Quartus 1I Handbook.
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HardCopy 1l and Stratix Il Mapping Options

HardCopy III ASICs offer a wide range of family options that can map with various
Stratix III FPGAs.

Table 3-1 lists the available HardCopy III and Stratix III companion pairs.

Table 3-1. HardCopy Il and Stratix Il Companion Devices (Part 1 of 2)

Companion Pair

HardCopy Ill Packages
HardCopy Ill ASICs Stratix lll FPGA Prototypes
EP3SL110--F780 (1)
EP3SL150--F780 (7)
EP3SE110--F780 (7) 484-pin FineLine BGA -
HC325WF484N Wire Bond

EP3SL200--H780 (1)
EP3SE260--H780 (1)
EP3SL340--H1152 (2)
EP3SL110--F780
EP3SL150--F780
EP3SE110--F780 o
HC325FF484N 484-pin FineLine BGA
EP3SL200--H780
EP3SE260--H780
EP3SL340--H1152 (2)
EP3SL110--F780
EP3SL150--F780
EP3SE110--F780 780-pin FineLine BGA -
HC325WF7E0N EP3SL200--H780 Wire Bond
EP3SE260--H780
EP3SL340--H1152 (2)
EP3SL110--F780
EP3SL150--F780
EP3SE110--F780 o
HC325FF780N 780-pin FineLine BGA
EP3SL200--H780
EP3SE260--H780
EP3SL340--H1152
EP3SL150--F1152
EP3SE110--F1152
HC335LF1152N EP3SL200--F1152 1152-pin FineLine BGA
EP3SE260--F1152

EP3SL340--H1152
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Table 3—1. HardCopy Il and Stratix Il Companion Devices (Part 2 of 2)

Companion Pair

HardCopy Ill ASICs

Stratix Il FPGA Prototypes

HardCopy Ill Packages

HC335FF1152N

EP3SL150--F1152

EP3SE110--F1152

EP3SL200--F1152

1152-pin FineLine BGA

EP3SE260--F1152

EP3SL340--H1152

HC335LF1517N

EP3SL200--F1517

EP3SE260--F1517

1517-pin FineLine BGA

EP3SL340--F1517

HC335FF1517N

EP3SL200--F1517

EP3SE260--F1517

1517-pin FineLine BGA

EP3SL340--F1517

Notes to Table 3—1:

(1) This mapping is a non-socket replacement path that requires a different board design for the Stratix |1l device and
the HardCopy Il device. The Stratix IIl device is in a 780-pin FBGA package, while the HardCopy Il device is in a

484-pin FBGA package.

(2) This mapping is a non-socket replacement path that requires a different board design for the Stratix |1l device and
the HardCopy Il device. The Stratix Il device is in a 1152-pin FBGA package, while the HardCopy Il device is in

a 484-pin FBGA package.

When the Quartus II software successfully compiles a design, the HardCopy Device
Resource Guide in the Fitter Compilation Report contains information about mapping
compatibility to a HardCopy III device. Use this information to select the optimal
HardCopy III device for the prototype Stratix III device based on resource and

package requirements.

Table 3-2 shows the available resources for prototyping on a Stratix III device when
choosing a HardCopy III device.

Table 3-2. HardCopy Il ASIC Features (Part 1 of 2)

. Total Dedicated .
HardCopy | SR | pogialant | MOK | M4 | RAMBitsnot | iipirs | puig

Prototype | Gates (1) MLABS) (g,) (FIR Mode)

EP3SL110 2.7 M 275 12 4,203 Kb 288 4

EP3SL150 3.6 M 355 16 5,499 Kb 384 4

- EP3SE110 5.8 M 639 16 8,055 Kb 896 4

EP3SL200 53M 468 32 8,820 Kb 576 4

EP3SE260 6.9 M 864 32 12,384 Kb 768 4

EP3SL340 70M 864 32 12,384 Kb 576 4
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Table 3—-2. HardCopy Il ASIC Features (Part 2 of 2)

. Total Dedicated .
Hardony | ol | gpgiplent | MOK | MI4AK | RAMBits(not | iipiers | pus
Prototype | Gates (1) MLABS) (92) (FIR Mode)
EP3SL150 3.6 M 355 16 5,499 Kb 384
EP3SE110 5.8 M 639 16 8,055 Kb 896
HC335 EP3SL200 53 M 468 36 9,396 Kb 576 12 (3)
EP3SE260 6.9 M 864 48 14,688 Kb 768 12 (3)
EP3SL340 7.0M 1040 48 16,272 Kb 576 12 (3)

Notes to Table 3-2:

(1) This is the number of ASIC equivalent gates available in the HardCopy IlII base array, shared between both adaptive logic module (ALM) logic
and DSP functions from a Stratix 11l FPGA prototype. The number of ASIC equivalent gates usable is bounded by the number of ALMs in the
companion Stratix Il FPGA device.

(2) HardCopy Il devices do not have dedicated MLABs, but the Stratix Il MLAB features and functions are fully supported in HardCopy I11 devices.
(3) This device has 12 PLLs in the F1517 package and 8 PLLs in the F1152 package.

HardCopy III ASICs offer pin-to-pin compatibility to the Stratix III prototype, making
them drop-in replacements for FPGAs. Due to this compatibility, the same system
board and software developed for prototyping and field trials can be retained,
enabling faster time-to-market for high-volume production.

HardCopy III devices also offer non-socket replacement mapping for further cost
reduction. For example, the EP3SL110 device in the 780-pin FBGA package can be
mapped to the HC325 device in the 484-pin FBGA package. Because the pinout for the
two packages are not the same, a separate board design is required for the Stratix III
device and the HardCopy III device.

L=~ For the non-socket replacement path, select I/Os in the Stratix III device that can be
mapped to the HardCopy III device. Not all I/Os in the Stratix III device are available
in the HardCopy III non-socket replacement device. Check pinout information for
both the Stratix III device and the HardCopy III device to ensure that you can map
successfully, and select the HardCopy III companion device when designing for the
Stratix III device.

Table 3-3 shows available I/O pin counts by package for each Stratix III and
HardCopy III companion pair.

Tabhle 3-3. HardCopy Il and Stratix Ill Package and 1/0 Pin Count Mapping (Part 1 of 2)

. 484-Pin 780-Pin 1152-Pin 1517-Pin .
"*}{gﬁ:""(‘; )"' s":::)"t;'t'v::""“ FineLi(nzt)a BGA FineLi(nzt)a BGA FineLi{nzt)a BGA FineLi{:;)a BGA | p 1TEITRL
EP3SL110 296 (4) 392 — — —
EP3SL150 296 (4) 392 — — —
EP3SE110 296 (4) 392 — — —
HC325W
EP3SL200 296 (5) 392 — — —
EP3SE260 296 (5) 392 — — —
EP3SL340 296 (6) 392 (7) — — —
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Tabhle 3-3. HardCopy Il and Stratix Ill Package and 1/0 Pin Count Mapping (Part 2 of 2)

. 484-Pin 780-Pin 1152-Pin 1517-Pin .
"*}{gﬁ;"’(‘;}'" s":::)"t;'t'v::““ FineLi(l;)z BGA Finel.i(n;)a BGA FineLi(nzt)a BGA FineLi(?; BGA | p il Ee
EP3SLI10 296 (4) 288 — — —
EP3SL150 296 (4) 488 — — —
EP3SE110 296 (4) 488 — — —
HC325F
EP3SL200 296 (5) 488 — — —
EP3SE260 296 (5) 488 - — —
EP3SL340 296 (6) 488 (7) — — —
EP3SL150 — — 744 — —
EP3SE110 — — 744 — —
HC335L EP3SL200 — — 744 880 —
EP3SE260 — — 744 830 —
EP3SL340 — — 744 880 —
EP3SL150 — — 744 — —
EP3SE110 — — 744 — —
HC335F EP3SL200 — — 744 880 —
EP3SE260 — — 744 830 —
EP3SL340 — — 744 880 —

Notes to Table 3-3:

(1) The last letter in the HardCopy Il device name refers to the following package types: F-Performance-optimized flip-chip package,
L—Cost-optimized flip-chip package, W—Low-cost wirebond package.

(2) Alll/O pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p, and CLK10n) that can be used
for data inputs.

(3) All'l/0 pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p and CLK10n) and eight
dedicated corner PLL clock inputs (PLL_L1_CLKp, PLL_L1_CLKn, PLL_L4_CLKp, PLL_L4_CLKn, PLL_R4_CLKp, PLL_R4_CLKn,
PLL_R1_CLKp, and PLL_R1_CLKn) that can be used for data inputs.

(4) This mapping is a non-socket replacement path and requires a different board design for the Stratix 11l device and the HardCopy Il1 device. The
Stratix Il device is in a 780-Pin FineLine BGA package while the HardCopy Il device is in a 484-Pin FineLine BGA package.

(5) This mapping is a non-socket replacement path and requires a different board design for the Stratix Il device and the HardCopy Il device. The
Stratix 11l device is in a 780-Pin Hybrid FineLine BGA package while the HardCopy Il device is in a 484-Pin FineLine BGA package.

(6) This mapping is a non-socket replacement path and requires a different board design for the Stratix 11l device and the HardCopy IlI device. The
Stratix Il device is in a 1152-Pin Hybrid FineLine BGA package while the HardCopy Il device is in a 484-Pin FineLine BGA package.

(7) This mapping is a non-socket replacement path and requires a different board design for the Stratix 11| device and the HardCopy IlI device. The
Stratix 11l device is in a 1152-Pin Hybrid FineLine BGA package while the HardCopy Il device is in a 780-Pin FineLine BGA package.

Summary of Differences Between HardCopy Il and Stratix Il Devices

HardCopy III ASICs are functionally equivalent to Stratix IIIl FPGAs, but they have
architectural differences. When implementing your design and laying out your board,
consider these differences to ensure successful design mapping from the Stratix III
FPGA to the HardCopy III ASIC.

Architecture differences between the Stratix III FPGA and the HardCopy III ASIC
include:

® Maximum core voltage is 0.9 V in HardCopy III devices compared with selectable
core voltages of 0.9 V or 1.1 V in Stratix III devices.

B Maximum V¢co power supply of 3.0 V.
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m HardCopy IIl inputs tolerate 3.3 V levels, but you might have to use external
clamping diodes on the board to keep the pins operating within specification.

m HardCopy III devices have up to 20 I/O banks and 880 I/O pins, while the largest
Stratix III companion devices have up to 24 1/O banks and 976 I/O pins on a
1517-pin FPGA.

m  The number of global and regional clocks is identical for Stratix III and
HardCopy III devices, but Stratix III devices have up to 116 peripheral clocks,
while HardCopy III devices have up to 88. The Quartus II software limits the clock
availability on Stratix III and HardCopy III companion pairs to ensure device

mapping.
m Configuration is not required for HardCopy III devices; therefore, these Stratix III
features are not supported:

m Programming modes and features such as remote update and .pof encryption.
m Cyclical redundancy check (CRC) for configuration error detection.
m 256-bit (AES) volatile and non-volatile security key to protect designs.
m JTAG instructions used for configuration.
m  FPGA configuration emulation mode.
m Boundary scan (BSCAN) chain length is different and varies with device density.

® Memory Initialization Files (.mif) for embedded memories used as RAM are not
supported.

m  Stratix IIl LAB/MLAB and DSP functions are implemented with HCells in
HardCopy III devices instead of dedicated blocks.

m Stratix III Programmable Power Technology is not supported in HardCopy III
devices. However, HardCopy III ASIC architecture offers performance on par with
Stratix III devices with significantly lower power.

Designing with HardCopy Il Core Supply Requirements

Altera HardCopy III ASICs are manufactured with a more advanced process
technology than Stratix III FPGAs. Each technology is centered on a unique core
voltage requirement. HardCopy III nominal core voltage is centered at 0.9 V, whereas
Stratix III devices use a typical voltage of 1.1 V. Due to the unique voltage
requirements of each device family, design your board’s power plane and supply to
support both Stratix IIl and HardCopy III devices to minimize changes required when
moving from Stratix III prototyping to HardCopy III devices. A number of power
supply regulator manufacturers account for this requirement and require only a few
components to be substituted to change the power supply level of the board.
“ e For more information about designing power supply methods to account for

Stratix III and HardCopy III core supply differences, refer to the Power Supply and

Temperature Sensing Diode in HardCopy III Devices chapter in volume 1 of the

HardCopy 111 Device Handbook.
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Designing with HardCopy lll 1/0s

HardCopy III ASICs support a wide range of industry I/O standards that match
Stratix Il supported standards. The exception is that HardCopy III I/O standards
support a Vcio voltage range from 1.2 to 3.0 V. A Vo of 3.3 V is not supported by
HardCopy III I/O banks. For more information about this topic, refer to “Mapping
HardCopy III and Stratix III I/Os and Modular I/O Banks” on page 3-8.

Aside from the Vo requirement, HardCopy III I/O standards support the same
specifications as their Stratix III companion equivalent. The I/O arrangement in
HardCopy III devices matches the I/O arrangement in Stratix III devices such that
I/0 pins located on the left and right side I/O banks contain circuits dedicated to
high-speed differential I/O interfaces, but have the ability to support external
memory devices if required. The top and bottom I/O banks contain dedicated
circuitry to optimize external memory interfaces. They also have the ability to support
high-speed differential inputs and outputs at lesser speeds than the left and right side
banks.

L=~ When you select a HardCopy Il companion device to compile with your Stratix IIT
target device (and vice versa), the Quartus II software ensures that I/O pins and 1/O
assignments are compatible with all selected devices.

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

Mapping HardCopy Ill and Stratix 11l 1/0s and Modular 1/0 Banks

I/0 pins in Stratix III and HardCopy III devices are arranged in groups called
modular I/O banks. On Stratix III devices, the number of I/O banks can range from
16 to 24 banks. On HardCopy III devices, the number of I/O banks can range from 12
to 20 banks.

In both Stratix III and HardCopy III devices, the maximum number of I/O banks per
side is four or six, depending on the device density. When migrating between devices
with a different number of I/O banks per side, the middle or “B” bank is removed or
inserted. For example, when moving from a 24-bank Stratix III device to a 16-bank
Stratix III or HardCopy III device, the banks that are dropped are “B” banks, namely
1B, 2B, 3B, 4B, 5B, 6B, 7B, and 8B.

HardCopy III devices do not have banks 1B, 2B, 5B, and 6B. When you design with a
Stratix III device that has 24 banks, the Quartus II software limits the available banks
common to all devices selected if a HardCopy III device is selected as a companion
pair. If you try to assign I/O pins to a non-existent bank in a mapping or companion
device, the Quartus II compilation halts with an error.

The following are examples of Quartus II compilation errors:

Error: I/O pins (xx) assigned in I/O bank 1B. The 1/O bank does not exist in the selected
device

Error: Device migration enabled -- compilation may have failed due to additional
constraints when migrating

Error: Can't fit design in device
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The sizes of each bank are 24, 26, 32, 40, 42, 48, or 50 1/O pins (including up to two
dedicated input pins per bank). During mapping from a smaller device to a larger
device, the bank size increases or remains the same but never decreases. For example,
banks may increase from a size of 24 I/0O to a bank of size 32, 40, 48, or 50 I/ O, but will
never decrease.

Table 3—4 and Table 3-5 summarize the number of I/O pins available in each I/O
bank for all companion pairs of Stratix III and HardCopy III devices.

Table 3-4. HardCopy Il and Stratix Iil I/0 Bank and Count Mapping with Socket Replacement Flow (Part 1 of 2) (7)

780-Pin FineLine BGA (2) | 780-Pin FineLine BGA (2) | 1152-Pin FineLine BGA (2) | 1517-Pin FineLine BGA (3)

HardCGopy St:;t(i;):\lll HardCopy St::e::[i;):\lll HardCopy St::apt[i;);\lll HardCopy Ill St;a;’t[i;);\lll

1l ASiC Prototype 1l ASIC Prototype W ASIG (2) Prototype AsIC (3) Prototype

Bank EP3SL110 EP3SL110 EP3SL150

EP3SL150 EP3SL150 EP3SE110 EP3SL200

HC325W EP3SE110 HC325F EP3SE110 HC335 EP3SL200 HC335 EP3SE260

EP3SL200 (4) EP3SL200 (4) EP3SE260 EP3SL340

EP3SE260 (4) EP3SE260 (4) EP3SL340 (5)

1A 24 32 32 32 48 48 50 50
1B — — — — — — — 24
1C 42 26 26 26 42 42 42 42
2A 24 32 32 32 43 48 50 50
2B — — — — — — — 24
2C 42 26 26 26 42 42 42 42
3A — 40 40 40 40 40 483 48
3B — — — — 24 24 48 48
3C 32 24 24 24 32 32 32 32
4A — 40 40 40 40 40 48 48
4B — — — — 24 24 48 48
4C 32 24 24 24 32 32 32 32
5A 24 32 32 32 48 48 50 50
5B — — — — — — — 24
5C 42 26 26 26 42 42 42 42
6A 24 32 32 32 48 48 50 50
6B — — — — — — — 24
6C 42 26 26 26 42 42 42 42
7A — 40 40 40 40 40 48 48
7B — — — — 24 24 43 48
7C 32 24 24 24 32 32 32 32
8A — 40 40 40 40 40 48 48
8B — — — — 24 24 48 48
8C 32 24 24 24 32 32 32 32
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Table 3-4. HardCopy Il and Stratix 11l I/0 Bank and Count Mapping with Socket Replacement Flow (Part 2 of 2) (7)

780-Pin FineLine BGA (2) | 780-Pin FineLine BGA (2) | 1152-Pin FineLine BGA (2) | 1517-Pin FineLine BGA (3)
HardCopy Stratix Il HardCopy Stratix Il HardCopy Stratix Il HardCopy Il Stratix Il
111 ASIC FPGA 111 ASIC FPGA | y'asic (2|  FPGA ASIC (3) FPGA
Prototype Prototype Prototype Prototype
Bank
EP3SL110 EP3SL110 EP3SL150
EP3SL150 EP3SL150 EP3SE110 EP3SL200
HC325W | EP3SE110 | HC325F | EP3SE110 | HC335 | EP3SL200 HC335 | EP3SE260
EP3SL200 (4) EP3SL200 (4) EP3SE260 EP3SL340
EP3SE260 (4) EP3SE260 (4) EP3SL340 (5)
Tl%a' 392 488 488 488 744 744 880 976

Notes to Table 3-4:
(1) User 1/0 pin counts are preliminary.
(2) All'l/O pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p and CLK10n) that can be used for

data inputs.

(3) All'l/O pin counts include eight dedicated clock inputs (CLK1p, CLK1n, CLK3p, CLK3n, CLK8p, CLK8n, CLK10p and CLK10n) and eight dedicated
corner PLL clock inputs (PLL_L1_CLKp, PLL_L1_CLKn, PLL_L4_CLKp, PLL_L4_CLKn, PLL_R4_CLKp, PLL_R4_CLKn, PLL_R1_CLKp, and
PLL_R1_CLKn) that can be used for data inputs.

(4) The EP3SE260 and EP3SL200 FPGASs are offered only in the H780 package.
The EP3SL340 FPGA is offered only in the H1152 package.

—
ol
-
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= HardCopy III ASICs offer the non-socket replacement flow to reduce design board space and cost. Because HardCopy III and
=) Stratix III device packages are different, some Stratix III device I/Os are not available in the HardCopy III device. Table 3-5
% shows the number of I/Os of each bank on Stratix III and HardCopy III devices for the non-socket replacement flow.
£ Tahle 3-5. HardCopy Il and Stratix 11l /0 Bank and Count Mapping with Non-Socket Replacement Flow (Nofe 1) (Part 1 of 2)
g 484-pin FineLine 780-Pin 484-pin FineLine 1152-pin 780-Pin FineLine 1152-pin 780-Pin FineLine 1152-pin
S BGA FineLine BGA BGA FineLine BGA BGA FineLine BGA BGA FineLine BGA
HardCopy I AsSic. | SR EPGR | pardcopy 1 asic | SR PSR | Hardcopy mn Asic “EFPGA | HardCopyMIASIC | FPGA
Bank Prototype Prototype
EP3SL110
e EPaSETI0 e EP3SL340 HC325W EP35L340 HC325F EP35L340
EP3SL200
EP3SE260
1A 24 32 24 48 24 48 32 48
1B — — — — — — — —
- 1C 26 26 26 42 42 42 26 42
;% 2A 24 32 24 48 24 48 32 48
g 28 — — — — — — — —
g 2C 26 26 26 42 42 42 26 42
8 3A — 40 — 40 — 40 40 40
] 38 — — — 24 — 24 — 24
g 3C 24 24 24 32 32 32 24 32
5 4A — 40 — 40 — 40 40 40
2 4B — — — 24 — 24 — 24
g 4C 24 24 24 32 32 32 24 32
‘_Er; 5A 24 32 24 48 24 48 32 48
] 5B — — — — — — — —
:% 5C 26 26 26 42 42 42 26 42
% 6A 24 32 24 48 24 48 32 48
! 6B — — — — — — — —
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= Table 3-5. HardCopy Il and Stratix Ill I/0 Bank and Count Mapping with Non-Socket Replacement Flow (Noite 1) (Part 2 of 2)
%
g 484-pin FineLine 780-Pin 484-pin FineLine 1152-pin 780-Pin FineLine 1152-pin 780-Pin FineLine 1152-pin
5 BGA FineLine BGA BGA FineLine BGA BGA FineLine BGA BGA FineLine BGA
8 . . Stratix Il Stratix Il
5 HardCopy Ill ASIC s":::,"t",'t' F:““ HardCopy Ill ASIC s“;::,"t:,'t' ";““ HardCopy Ill ASIC FPGA HardCopy Ill ASIC FPGA
g Bank L L Prototype Prototype
Z EP3SL110
g EP3SL150
3 HC325W EP3SE110 HC325W EP3SL340 HC325W EP3SL340 HC325F EP3SL340
ro HC325F HC325F
e EP3SL200
g EP3SE260
e 6C 26 26 26 42 42 42 26 42
s 7A — 40 — 40 — 40 40 40
T 78 — — — 24 — 24 — 24
%’ 7C 24 24 24 32 32 32 24 32
2 8A — 40 — 40 — 40 40 40

8B — — — 24 — 24 — 24

8C 24 24 24 32 32 32 24 32

Total 1/0 296 488 296 744 392 744 488 744

Note to Table 3-5:

(1) User 1/0 pin counts are preliminary.
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HardCopy Il Supported 1/0 Standards

HardCopy III ASICs support the same I/O standards as Stratix III FPGAs, except
3.3 VLVITL/LVCMOS I/0 standards.

Table 3-6 lists I/O standards that HardCopy III devices support.

Tahle 3-6. HardCopy Il I/0 Standards and Voltage Levels (Part 1 of 2) (Note 1)

Veeio (V)
Standard Input Operation Output Operation v“(‘;’r“e(_v) Veee (V) | vy (V) (Board
1/0 Standard S t Dri (InputRef | Termination
uppor Column Row Column | Row MVer |\ ltage Voltage
Volt ge) ge)
1/0 1/0 1/0 1/0 oltage)
Banks Banks Banks Banks
30VIVITL (1) | JESD8B | 3025 | 3.0/25 3.0 30 3.0 — —
3('?)'\/ LVCMOS JESD8-B | 3.0/25 | 3025 | 30 3.0 3.0 — —
25-V JESD85 | 30125 | 3.025 25 25 25 — —
LVTTL/LVCMOS /2. /2. : : :
18-V JESD8-7 | 1845 | 18/15 18 18 25 — —
LVTTL/LVCMOS 811. 81. : : :
15V
o vevos | JESDE1 | 1815 | 1815 15 15 25 — —
12V JESDS-12 | 12 12 12 12 25 — —
LVTTL/LVCMOS : : : : :
3.0V PCI (4) PCIRev21 | 3.0 30 3.0 30 3.0 — —
30-VPCIX (4) | PCIXRev10| 30 30 3.0 30 30 - -
SSTL-2 Class | JESDB9B | (2) 2) 25 25 25 125 125
SSTL-2 Class Il | JESDB9B | (2) 2) 25 25 25 125 125
SSTL-18 Class | | JESD8-15 2) 2) 18 18 25 0.90 0.90
SSTL-18 Class Il | JESD8-15 2) 2) 18 18 25 0.90 0.90
SSTL-15 Class | - 2) 2) 15 15 25 0.75 075
ﬁs(;)“ 5 Class — ©) ©) 15 N/A 25 0.75 0.75
HSTL-18 Class | | JESD8-6 2) 2) 18 18 25 0.90 0.90
HSTL-18 Class Il | JESD8-6 2) 2) 18 18 25 0.90 0.90
HSTL-15 Class | | JESD8-6 2) 2) 15 15 25 0.75 075
ﬂ'%)“ 5 Class JESDB-6 2) 2) 15 /A 25 0.75 0.75
HSTLA2 Class | | JESD8-16A |  (2) 2) 12 12 25 06 06
HS(E)L'W Class | jesps-16a | (2 ) 12 N/A 25 06 06
Differential
oo JESD89B | (2) ©) 25 25 25 — 125
Differential JESD8-9B | (2) ) 25 25 25 — 125
SSTL-2 Class Il ' ) ) )
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Table 3—-6. HardCopy Il I/0 Standards and Voltage Levels (Part 2 of 2) (Note 1)

Veeio (V)
Standard Input Operation Output Operation vc(ll:’Prne(-V) Veee (V) | Vrr (V) (Board
1/0 Standard S t Dri (InputRef | Termination
uppor Column Row Column Row wver Voltage Voltage
Voltage) ge) ge)
/0 /0 /0 /0 9
Banks Banks Banks Banks
Differential
Sem 1p ape) JESD8-15 ) 2) 18 1.8 25 — 0.90
Differential
SSTL-18 Class || JESD8-15 (2) (2) 1.8 1.8 25 — 0.90
Differential
SSTL15 Class | — 2) 2) 15 15 25 — 0.75
Differential
SSTL-15 Class I — 2) 2) 15 N/A 25 — 0.75
(3)
Differential
HSTL-18 Class | JESD8-6 ) 2) 18 18 25 — 0.90
Differential JESDB-6 ©) ) 18 18 25 — 0.90
HSTL-18 Class Il ' ) ) ’
Differential JESDB-6 2 2 15 15 25 — 0.75
HSTL-15 Class | () (2 : : : :
Differential
HSTL-15 Class |1 JESD8-6 (2) (2) 1.5 N/A 25 — 0.75
Differential
HSTL-12 Class | JESD8-16A (2) (2) 1.2 1.2 2.5 — 0.60
Differential
HSTL-12 Class |1 JESD8-16A (2) (2) 1.2 N/A 25 — 0.60
ANSI/TIA/
LVDS (6) EIA-644 (2) (2) 2.5 2.5 2.5 — —
RSDS (7), (8) — 2) ) 25 25 25 — —
mini-LVDS (), — 2) 2) 2.5 2.5 2.5 — —
(8)
LVPECL — (5) 25 — — 25 — —

Note to Table 3-6:

(1) HardCopy Il devices do not support the 3.3-V 1/0 standard. Vcpp is either 2.5 V or 3.0 V. For a 3.0-V 1/0 standard, Veepp = 3.0 V. For 2.5V and
below 1/0 standards, Vgepp = 2.5 V. However, HardCopy 1l devices can interface with a 3.3 V interface. Refer to the HardCopy Il Device 1/0
Features chapter in volume 1 of the HardCopy Il Device Handbook for more information.

(2) Single-ended HSTL/SSTL, differential SSTL/HSTL, and LVDS input buffers are powered by Veepp. Row 1/0 banks support both true differential
input buffers and true differential output buffers. Column 1/0 banks support true differential input buffers, but not true differential output buffers.
1/0 pins are organized in pairs to support differential standards. Column I/0 differential HSTL and SSTL inputs use LVDS differential input buffers
without on-chip Rp support.

(3) Row 1/0s do not support HSTL-12 Class Il output, HSTL-15 Class Il output or SSTL-15 Class Il output.

(4) Column 1/0 supports PCI/PCI-X with an on-chip clamping diode, and row 1/0 supports PCI/PCI-X with an external clamping diode.

(5) Column 1/0 banks support LVPECL I/0 standards only for input clock operation. Differential clock inputs in column 1/0 use Vgeepkin-

(6) Column 1/0 banks support LVDS outputs using two single-ended output buffers and external one-resistor (LVDS_E_1R) and a three-resistor
(LVDS_E_3R) network.

(7) Row 1/0 banks support RSDS and mini-LVDS I/0 standards using a dedicated LVDS output buffer without a resistor network.

(8) Column 1/0 banks support RSDS and mini-LVDS 1/0 standards using two single-ended output buffers with one-resistor (RSDS_E_1R and mini-
LVDS_E_1R) and three-resistor (RSDS_E_3R and mini-LVDS_E_3R) networks.
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External Memory Interface 1/0s in Stratix lll and HardCopy Ill Devices

As with the Stratix III I/O structure, the redesign of the HardCopy III I/O structure
provides flexible and high-performance support for existing and emerging external
memory standards including DDR3, DDR2, DDR SDRAM, QDRII+, QDRII SRAM,
and RLDRAM IL

HardCopy III devices offer the same external memory interface features found in
Stratix III devices. These features include delay-locked loops (DLLs), phase-locked
loops (PLLs), dynamic on-chip termination (OCT), trace mismatch compensation,
read and write leveling, deskew circuitry, half data rate (HDR) blocks, 4- to 36-bit DQ
group widths, and DDR external memory support on all sides of the HardCopy III
device.

As with Stratix III devices, HardCopy III devices allow a memory interface to be
located on any side of the device. The only limitation is if the left and right sides have
to be reserved for high-speed 1/O applications, as described in the following section.

Table 3-7 shows the number of DQ and DQS buses supported per companion device

pair.

Table 3-7. Number of DQS/DQ Groups in HardCopy lll Devices per Side (Note 1)

HardCopy Ill ASIC Package Side x4 (2) x8/x9 x16/x18 | x32/x36
Left 0 0 0 0
484-pin Bottom 0 0 0 0
HC325 FineLine BGA | Right 0 0 0 0
Top 0 0 0 0
Left 14 6 2 0
780-pin Bottom 17 8 2 0
HC325 FineLine BGA Right 14 6 2 0
Top 17 8 2 0
Left 26 12 4 0
-Di Bottom 26 12 4 0
HC335 1152-pin .
FineLine BGA Right 26 12 4 0
Top 26 12 4 0
Left 26 12 4 0
-Di Bottom 38 18 8 4
HC335 .151.7 pin .
FineLine BGA Right 26 12 4 0
Top 38 18 8 4

Notes to Table 3-7:

(1) These numbers are preliminary.

(2) Some of the DQS and DQ pins can also be used as Ryp/Rpy pins. You lose one DQS/DQ group if you use these pins
as Ryp/Rpy pins for OCT calibration. Make sure that the DQS/DQ groups that you have chosen are not also used
for OCT calibration.

e For more information about external memory interfaces, refer to the External Memory
Interfaces in HardCopy III Devices chapter in volume 1 of the HardCopy III Device
Handbook.
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Mapping Stratix Ill High-Speed Differential 1/0 Interfaces with HardCopy lll
Devices

HardCopy III ASICs have the same dedicated circuitry as Stratix III devices for
high-speed differential I/O support:

m Differential I/O buffer

B Transmitter serializer

B Receiver deserializer

m Data realignment

® Dynamic phase aligner (DPA)

m Synchronizer (FIFO buffer)

B Analog PLLs (located on left and right sides of the device)

For high-speed differential interfaces, HardCopy III devices support the following
differential I/O standards:

m Low-voltage differential signaling (LVDS)

® Mini-LVDS

m Reduced swing differential signaling (RSDS)
m Differential HSTL

m Differential SSTL

HardCopy III ASICs support LVDS on all I/O banks. True LVDS makes use of
dedicated LVDS I/O buffers that are optimized for performance. There are true LVDS
input and output buffers at the left and right side I/O banks. There are true LVDS
input buffers on the top and bottom I/O banks only.

You can configure all I/Os in all banks as emulated LVDS output buffers. Emulated
output buffers make use of single-ended buffers and an external resistor network to
mimic LVDS operation. Emulated LVDS is useful for low-speed, low-voltage
differential applications.
“ e For more information about high-speed I/O performance, refer to the DC and
Switching Characteristics of HardCopy III Devices chapter in volume 3 of the HardCopy 111
Device Handbook.

All dedicated circuitry for high-speed differential I/O applications are located in the
left and right I/O banks of the Stratix IIl and HardCopy III devices. The top and
bottom I/O banks also have support for high-speed receiver applications that do not
require the use of the DPA, synchronizer, data realignment, and differential
termination. Top and bottom differential I/O buffers have a slower data rate than the
high-speed receivers on the left and right I/O banks.
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Table 3-8 and Table 3-9 show the LVDS channels supported in HardCopy III and
Stratix III companion devices for socket replacement and non-socket replacement
flows, respectively.

Tahle 3-8. LVDS Channels Supported In HardCopy Il and Stratix Il Companion Devices with Socket Replacement Flow
(Part1 of 2) (Note 1), (2)

780-Pin FineLine BGA 1152-Pin FineLine BGA 1517-Pin FineLine BGA
Har(:\(:s(;(':)y ]| Stﬁ,tg;\"l Hart‘I‘[;l:cpy ]| St::a;’t(ii);\lll Har(‘I‘l;t:cpy ]| Stlr:a;)t‘i;):‘lll
Prototype Prototype Prototype
Bank
EP3SL110 EP3SL150
EP3SL150 EP3SE110 EP3SL200
HC325 EP3SE110 HC335 EP3SL200 HC335 EP3SE260
EP3SL200 (3) EP3SE260 EP3SL340
EP3SE260 (3) EP3SL340 (4)
1A 8Rx + 8Tx (5) 8Rx + 8Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx
1B — — — — — 6Rx + 6Tx
1C 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx
2A 8Rx + 8Tx (5) 8Rx + 8Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx
2B — — — — — 6Rx + 6Tx
2C 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx
10Rx + 10eTx 10Rx + 10eTx | 10Rx +10eTx | 10Rx+10eTx | 12Rx + 12eTx 12Rx + 12eTx
3A (5) or or or or or or
20eTx 20eTx 20eTx 20eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 12Rx + 12eTx 12Rx + 12eTx
3B (5) — — or or or or
12eTx 12eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx
3C (5) or or or or or or
12eTx 12eTx 16eTx 16eTx 16eTx 16eTx
10Rx + 10eTx 10Rx +10eTx | 10Rx +10eTx | 10Rx+10eTx | 12Rx + 12eTx 12Rx + 12eTx
4A (5) or or or or or or
20eTx 20eTx 20eTx 20eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 12Rx + 12eTx 12Rx + 12eTx
4B (5) — — or or or or
12eTx 12eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx
4C (5) or or or or or or
12eTx 12eTx 16eTx 16eTx 16eTx 16€eTx
5A 8Rx + 8Tx (6) 8Rx + 8Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx
5B — — — — — 6Rx + 6Tx
5C 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx
6A 8Rx + 8Tx (6) 8Rx + 8Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx 12Rx + 12Tx
6B — — — — — 6Rx + 6Tx
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Tabhle 3-8. LVDS Channels Supported In HardCopy Il and Stratix Ill Companion Devices with Socket Replacement Flow
(Part 2 of 2) (Note 1), (2)

780-Pin FineLine BGA 1152-Pin FineLine BGA 1517-Pin FineLine BGA
HardCopy Ill s‘;a;é’;\"' HardCopy Il s‘;‘:}&"' HardCopy Il s‘;‘:}é’;\"'
ASIC ASIC ASIC
Prototype Prototype Prototype
Bank
EP3SL110 EP3SL150
EP3SL150 EP3SE110 EP3SL200
HC325 EP3SE110 HC335 EP3SL200 HC335 EP3SE260
EP3SL200 (3) EP3SE260 EP3SL340
EP3SE260 (3) EP3SL340 (4)
6C 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx 10Rx + 10Tx
10Rx + 10eTx 10Rx + 10eTx | 10Rx +10eTx | 10Rx + 10eTx | 12Rx + 12eTx 12Rx + 12eTx
7A (5) or or or or or or
20eTx 20eTx 20eTx 20eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 12Rx + 12eTx 12Rx + 12eTx
7B (5) — — or or or or
12eTx 12eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx
7C (%) or or or or or or
12eTx 12eTx 16eTx 16eTx 16eTx 16eTx
10Rx + 10eTx 10Rx + 10eTx 10Rx + 10eTx 10Rx + 10eTx 12Rx + 12eTx 12Rx + 12eTx
8A (5) or or or or or or
20eTx 20eTx 20eTx 20eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 12Rx + 12eTx 12Rx + 12eTx
8B (5) — — or or or or
12eTx 12eTx 24eTx 24eTx
6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx 8Rx + 8eTx
8C (5) or or or or or or
12eTx 12eTx 16eTx 16eTx 16eTx 16eTx

Notes to Table 3-8:

1) Channel counts are preliminary.

Rx = true LVDS input buffers, Tx = true LVDS output buffers and eTx = emulated-LVDS output buffers, either LVDS_E3R or LVDS_E1R.
The EP3SE260 and EP3SL200 FPGAs are offered only in the H780 package.

The EP3SL340 FPGA is offered only in the H1152 package.

Top and bottom I/0 banks do not have DPA, synchronizer, data realignment, and differential termination support in Stratix 11l and HardCopy I
devices. Use left and right I/0 banks if these features and maximum performance is required.

(6) When the HardCopy |1l devices mapped to use 780-pin FineLine BGA Wire Bond package, 1/0 banks 1A, 2A, 5A, and 6A can support 6 pairs of
LVDS channel (6RX + 6Tx) only.
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Table 3-9. LVDS Channels Supported In HardCopy Il and Stratix lll Companion Devices with Non-Socket Replacement
Flow (Part1of2) (Note1), (2)

484-Pin FineLine 780-Pin 484-Pin 1152-Pin 780-Pin FineLine 1152-Pin
BGA FineLine BGA | FineLine BGA | FineLine BGA BGA FineLine BGA
HardCopy 11l ASIC St;apt&m “a“"‘g‘l’c"" '" Stﬁ'tli;.);\m "a"l'g‘l’g" i s“::;"u','t' FPGA
Bank Prototype Prototype ype
EP3SL110
EP3SL150
HC325 EP3SE110 HC325 EP3SL340 (4) HC325 EP3SL340 (4)
EP3SL200 (3)
EP3SE260 (3)
1A 6Rx + 6Tx 8Rx + 8Tx 6Rx + 6Tx 12Rx + 12Tx 8Rx + 8Tx 12Rx + 12Tx
1B — — — — — —
1C 6Rx + 6Tx 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 6Rx + 6Tx 10Rx + 10Tx
2A 6Rx + 6Tx 8Rx + 8Tx 6Rx + 6Tx 12Rx + 12Tx 8Rx + 8Tx 12Rx + 12Tx
2B — — — — — —
20 6Rx + 6Tx 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 6Rx + 6Tx 10Rx + 10Tx
10Rx + 10eTx 10Rx + 10eTx 6Rx + 6eTx 10Rx + 10eTx
3A (5) — or — or or or
20eTx 20eTx 12eTx 20eTx
6Rx + 6eTx 6Rx + 6eTx
3B (5) — — — or — or
12eTx 12eTx
6Rx + 6eTx 6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 6Rx + 6eTx 8Rx + 8eTx
3C (5) or or or or or or
12eTx 12eTx 12eTx 16eTx 12eTx 16eTx
10Rx + 10eTx 10Rx + 10eTx 6Rx + 6eTx 10Rx + 10eTx
4A (5) — or — or or or
20eTx 20eTx 12eTx 20eTx
6Rx + 6eTx 6Rx + 6eTx
4B (5) — — — or — or
12eTx 12eTx
6Rx + 6eTx 6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 6Rx + 6eTx 8Rx + 8eTx
4G (5) or or or or or or
12eTx 12eTx 12eTx 16eTx 12eTx 16eTx
5A 6Rx + 6Tx 8Rx + 8Tx 6RX + 6Tx 12Rx + 12Tx 8Rx + 8Tx 12Rx + 12Tx
5B — — — — — —
5C 6Rx + 6Tx 6Rx + 6Tx 6Rx + 6Tx 10Rx + 10Tx 6Rx + 6Tx 10Rx + 10Tx
6A 6Rx + 6Tx 8Rx + 8Tx 6Rx + 6Tx 12Rx + 12Tx 8Rx + 8Tx 12Rx + 12Tx
6B — — — — — —
6C 6Rx + 6Tx 6Rx + 6Tx 6RX + 6Tx 10Rx + 10Tx 6Rx + 6Tx 10Rx + 10Tx
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Table 3-9. LVDS Channels Supported In HardCopy Il and Stratix lll Companion Devices with Non-Socket Replacement
Flow (Part2of2) (Note1), (2)

484-Pin FineLine 780-Pin 484-Pin 1152-Pin 780-Pin FineLine 1152-Pin
BGA FineLine BGA | FineLine BGA | FineLine BGA BGA FineLine BGA
HardCopy 11l ASIC St;apt(i;)fxm “a“"‘g‘l’c"" '" Stﬁ'tli;)i\m "a";‘%‘l’g" i s“::;"u','t' FPGA
Bank Prototype Prototype ype
EP3SL110
EP3SL150
HC325 EP3SE110 HC325 EP3SL340 (4) HC325 EP3SL340 (4)
EP3SL200 (3)
EP3SE260 (3)
10Rx + 10eTx 10Rx + 10eTx 6Rx + 6eTx 10Rx + 10eTx
7A (5) — or — or or or
20eTx 20eTx 12eTx 20eTx
6Rx + 6eTx 6Rx + 6eTx
7B (5) — — — or — or
12eTx 12eTx
6Rx + 6eTx 6Rx + 6eTx 6Rx + 6eTx 8Rx + 8eTx 6Rx + 6eTx 8Rx + 8eTx
7C (5) or or or or or or
12eTx 12eTx 12eTx 16eTx 12eTx 16eTx
10Rx + 10eTx 10Rx + 10eTx 6Rx + 6eTx 10Rx + 10eTx
8A (5) — or — or or or
20eTx 20eTx 12eTx 20eTx
6Rx + 6eTx 6Rx + 6eTx
8B (5) — — — or — or
12eTx 12eTx
8C (5) 6Rx 6Rx 6Rx 8Rx 6Rx 8Rx

Notes to Table 3-9:

1) Channel counts are preliminary.

devices. Use left and right I/0 banks if these features and maximum performance is required.

HardCopy Il PLL Planning and Utilization

(

(2) Rx =true LVDS input buffers, Tx = true LVDS output buffers and eTx = emulated-LVDS output buffers, either LVDS_E3R or LVDS_E1R.

(3) The EP3SE260 and EP3SL200 FPGAs are offered only in the H780 package.

(4) The EP3SL340 FPGA is offered only in the H1152 package.

(5) Top and bottom I/0 banks do not have DPA, synchronizer, data realignment, and differential termination support in Stratix 11l and HardCopy I11

HardCopy III devices offer up to 12 PLLs that support the same features as Stratix I1I
PLLs. The same nomenclature is used for HardCopy III and Stratix III PLLs that
follow their geographical location in the device floorplan. The PLLs that reside on the
top and bottom sides of the device are named PLL_T1, PLL T2, PLL B1, and PLL B2; the
PLLs that reside on the left and right sides of the device are named PLL L1, PLL L2,
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Table 3-10. HardCopy Ill and Stratix Ill PLL Mapping Options for Socket Replacement Flow (Note 1)

PLL L3, PLL_L4, PLL R1, PLL_R2, PLL R3, and PLL R4, respectively. Table 3-10 lists the
number of PLLs available in HardCopy III devices and their companion Stratix III
devices for the socket replacement flow.

780-Pin FineLine BGA 1152-Pin FineLine BGA 1517-Pin FineLine BGA
HardCopy Il | Stratix Il FPGA HardCopy Ill Stratix Ill FPGA | HardCopyIll | Stratix Il FPGA
ASIC Prototype ASIC Prototype ASIC Prototype
PLL EP3SL110 EP3SL150

EP3SL150 EP3SE110 EP3SL200

HC325 EP3SE110 HC335 EP3SL200 HC335 EP3SE260

EP3SL200 (2) EP3SE260 EP3SL340

EP3SE260 (2) EP3SL340 (3)

PLL L1 — — — — v v
PLL L2 v v v v v v
PLL L3 — — v v v v
PLL L4 — — — — v v
PLL T1 v v v v v v
PLL_T2 — — v v v v
PLL Bl v v v v v v
PLL_B2 — — v v v v
PLL R1 — — — — v v
PLL_R2 v v v v v v
PLL R3 — — v v v v
PLL R4 — — — — v v

Notes to Table 3-10:
(1) The PLL availability table is preliminary. It is best to design with the Quartus Il software to check if your design can use all available PLLs.

(2) The EP3SE260 and EP3SL200 FPGAs are offered only in the H780 package.

(3) The EP3SL340 FPGA is offered only in the H1152 package.

Table 3-11 lists the number of PLLs available in HardCopy III devices and their
companion Stratix III devices for the non-socket replacement flow.

Table 3—11. HardCopy Il and Stratix lll PLL Mapping Options for Non-Socket Replacement Flow (Part 1 of 2) (Note 1)

484-Pin 780-Pin 484-Pin 1152-Pin 780-Pin 1152-Pin
FineLine BGA Fineline BGA FineLine BGA Fineline BGA Fineline BGA Fineline BGA
HardCopy Il | Stratix IIFPGA | HardCopy Ill | Stratix Il FPGA | HardCopy Ill | Stratix lll FPGA
ASIC Prototype ASIC Prototype ASIC Prototype
PLL
EP3SL110
EP3SL150
HC325 EP3SE110 HC325 EP3SL340 (3) HCG325 EP3SL340 (3)
EP3SL200 (2)
EP3SE260 (2)
PLL L1 — — — — — —
PLL L2 v v v v v v
PLL_L3 — — — v — v
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Table 3-11. HardCopy Ill and Stratix Ill PLL Mapping Options for Non-Socket Replacement Flow (Part 2 of 2) (Note 1)

484-Pin 780-Pin 484-Pin 1152-Pin 780-Pin 1152-Pin
FineLine BGA Fineline BGA FineLine BGA Fineline BGA Fineline BGA Fineline BGA
HardCopy Ill | Stratix IIFPGA | HardCopy lll | Stratix WIFPGA | HardCopy lll | Stratix Ill FPGA
ASIC Prototype ASIC Prototype ASIC Prototype
PLL
EP3SL110
EP3SL150
HC325 EP3SE110 HC325 EP3SL340 (3) HC325 EP3SL340 (3)
EP3SL200 (2)
EP3SE260 (2)
PLL L4 — — — — — —
PLL T1 v v v v v v
PLL_T2 — — — v — v
PLL B1 v v v v v v
PLL B2 — — — v — v
PLL R1 — — — — — —
PLL R2 v v v v v v
PLL_R3 — — — v — v
PLL R4 — — — — — —

Notes to Table 3-11:
(1) The PLL availability table is preliminary. It is best to design with the Quartus Il software to check if your design can use all available PLLs.
(2) The EP3SL200 and EP3SE260 FPGASs are offered only in the H780 package.

(3) The EP3SL340 FPGA is offered only in the H1152 package.

«o For more information about HardCopy III PLLs, refer to the Clock Networks and PLLs

in HardCopy III Devices chapter in volume 1 of the HardCopy I1I Device Handbook.

HardCopy Il Memory Blocks
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TriMatrix memory in HardCopy III devices supports the same memory functions and
features as Stratix III devices. You can independently configure each embedded
memory block to be a single- or dual-port RAM, FIFO, ROM, or shift register using
the MegaWizard™ Plug-In Manager in the Quartus II software.

HardCopy IlII embedded memory consists of MLAB, M9K, and M144K memory
blocks, and has one-to-one mapping from Stratix IIl memory. However, the number of
available memory blocks differs based on physical density, package, and Stratix III
device to HardCopy III ASIC mapping paths. The Quartus II software may not allow
all available Stratix III memory types to fit into a selected HardCopy III device if your
design has a very high resource utilization and performance target.

Altera recommends that you compile your design with the Quartus II software and
verify the device resource guide to check for available resources in the HardCopy III
device.

For information about using the HardCopy Device Resource Guide, refer to the
Quartus 1I Support for HardCopy Series Devices chapter in volume 1 of the Quartus II
Handbook.
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Functionally, memory in HardCopy III and Stratix III devices is identical. Memory
blocks can implement various types of memory with or without parity, including true
dual-port, simple dual-port, and single-port RAM, ROM, and FIFO.

When using the memory blocks in ROM, single-port, simple dual-port, or true
dual-port mode, you can corrupt the memory contents if you violate the setup or
hold-time on any of the memory block input registers. This applies to both read and
write operations.

CAUTION

MLAB Implementation

In Stratix III devices, MLABs are dedicated blocks and can be configured for regular
logic functions or memory functions. In HardCopy III devices, MLAB memory blocks
are implemented using HCells. The Quartus II software maps the Stratix IIl MLAB
function to the appropriate memory HCell macro that preserves memory function.
This allows you to use the HardCopy III core fabric more efficiently, freeing up
unused HCells for ALM or DSP functions.

MLAB, M9K, and M144K Utilization

HardCopy III MLAB, M9K, and M144K block functionality is similar to Stratix III
memory blocks; however, you cannot pre-load HardCopy III MLAB, MIK, and
M144K blocks with a .mif file when using them as RAM. Ensure that your Stratix III
design does not require .mif files if the memory blocks are used as RAM. However, if
memory blocks are used as ROM, they are mask-programmed to the design’s ROM
contents.

I'=~ You can use the ALTMEM_INIT megafunction to initialize a RAM block after
power-up for Stratix III and HardCopy III devices. This megafunction reads from a
ROM defined with the megafunction and writes to the RAM after power-up. This
function allows you to have initialized contents on a RAM block. Refer to the
Quartus II Help for implementation information about this function.

Unlike Stratix Il FPGAs, HardCopy IIl MLAB, M9K, and M144K RAM contents are
unknown after power-up. However, like Stratix III devices, all HardCopy III memory
output registers power-up cleared, if used. When designing HardCopy III memory
blocks as RAM, Altera recommends a write-before-read of the memory block to avoid
reading unknown initial power-up data conditions. If the HardCopy III memory
block is designated as ROM, it powers up with the ROM contents.

One advantage over Stratix IIl RAM blocks is that unused M9K and M144K blocks are
disconnected from the power rails and MLABs are only implemented as required by
your design. These unused resources do not contribute to overall power consumption
on HardCopy III devices.
“ e Foralist of supported features in HardCopy III memory blocks, refer to the TriMatrix
Embedded Memory Blocks in HardCopy III Devices chapter in volume 1 of the
HardCopy III Device Handbook.
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Using JTAG Features in HardGopy Il Devices

HardCopy III ASICs support the same boundary-scan test (BST) functionality as
Stratix III FPGAs. However, no reconfiguration is possible because HardCopy III
devices are mask-programmed. Therefore, HardCopy III devices do not support
instructions to reconfigure the device through the JTAG pins. HardCopy III boundary
scan lengths also differ from Stratix III devices.

For information about HardCopy III JTAG functionality and support, refer to the IEEE
1149.1 JTAG Boundary Scan Testing in HardCopy 11l Devices chapter in volume 1 of the
HardCopy III Device Handbook.

Power-Up and Configuration Pin Compatibility with Stratix lll Devices

When designing a board for both HardCopy III and Stratix III devices, most
configuration pins required by the Stratix III device are not required by the
HardCopy III device. The functions of these Stratix III configuration pins are not
carried over to the HardCopy III companion device because HardCopy III devices are
not programmable. To simplify the board connection for these configuration pins,
Altera recommends minimizing the power-up and configuration pins that do not
carry over from a Stratix III device to a HardCopy III device. You should ensure that
the board can be used for both Stratix III and HardCopy III devices. Configuration
pins for both devices must be properly connected. Otherwise, separate boards are
required for the two devices.

Table 3-12 lists the main and optional functions on the configuration pins used by
Stratix III and HardCopy III devices.

Tahle 3-12. Mapping Configuration Pins into HardCopy Il Devices (Part 1 of 2) (Note 1), (2), (3), (4)

Stratix Il FPGA Prototype HardCopy lll ASIC
Board Connection
Main Function | Optional Function | Main Function | Optional Function
MSEL[2..0] — — — Not required and no connection on board.
nCONFIG (5) — nCONFIG — Required connection.
/0 pin DATAQ I/0 pin DATAQ DATA[0] retains both user I/0 and
] i optional EPCS access functions. DATA
/0 pin DATA [7..1] I/0 pin - [7..1] retains user 1/0 functions only.
No Connection on Board, except when
DCLK — DCLK — . .
EPCS access is required in user mode.
10 pin INIT DONE (6) /0 pin INTT DONE Retains the same !/O functions from
= = Stratix I11.
Retains the same I/0 functions from
/0 pin CLKUSR I/0 pin — Stratix 11l except CLKUSR, because no
device programming is required.
nSTATUS (9) — nSTATUS — Required connection.
CONF_DONE (5) — CONF_DONE — Required connection.
nCE — nCE — Required connection.
nCEO — nCEO — Not required.
PORSEL — PORSEL — Required connection.
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Table 3-12. Mapping Configuration Pins into HardCopy Il Devices (Part 2 of 2) (Note 1), (2), (3), (4)

Stratix lll FPGA Prototype

HardGopy Il ASIC

Main Function

Optional Function

Main Function

Optional Function

Board Connection

No connection on board, except when

/0 pin ASDO /0 pin ASDO EPCS access is required in user mode.
. . No connection on board, except when
/0 pin neso /0 pin neso EPCS access is required in user mode.
nIO PULLUP — nIO PULLUP — Required connection.
Retains the same 1/0 functions from
/0 pin CRC_ERROR (4) 1/0 pin — Stratix |Il, but not CRC_ERROR, because no
device programming is required.
/0 pin DEV CLRn /0 pin DEV CLRn Retains the same !/O functions from
- - Stratix Il1.
. . Retains the same I/0 functions from
/0 pin DEV OE I/0 pin DEV OE Stratix [11.

Notes to Table 3-12:

(1) For correct operation of a HardCopy |1l device, pull the nSTATUS, nCONFIG, and CONF_DONE pins to Vgepgy. In HardCopy 111 devices, these pins
are designed with weak internal resistors pulled up to Vgepgu. Stratix Il configuration schemes require pull-up resistors on these I/0 pins, so
they may already be present on the board. You can remove these external pull-up resistors, if doing so does not affect other FPGAs on the board.

(2) HardCopy IlI devices have a maximum Vo voltage of 3.0 V, but the input I/0 pin can tolerate a 3.3 V level. This applies to V¢cpgy Voltage and
all dedicated and dual-purpose pins.

(3) ForHardCopy Ill devices, there is weak pull-up on the nSTATUS, CONF_DONE, nCONFIG, and DCLK pins. Therefore, these pins can be left floating
or remain connected to external pull-up resistors. If the EPCS is used in user mode as a boot-up RAM or data access for a Nios® Il processor,
DCLK, DATA [0], ASDO, and ncSo must be connected to the EPCS device.

—_— o~~~
o O N
—_ = =

In HardCopy Ill devices, CRC_ERROR is hard-wired to logic O if the CRC feature is enabled in Stratix |1l devices.
The PORSEL pin setting delays the POR sequence for both HardCopy Ill and Stratix Il devices.
The INIT DONE settings option is mask-programmed into the device. You must submit these settings to Altera with the final design prior to

mapping to a HardCopy |1l device. The use of the INIT DONE option and other dual-purpose pins (for example, DEV_CLRn device-wide reset
and DEV_OE device-wide output enable) are available in the Fitter Device Options section of the Quartus Il report file.
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For both the Stratix III and HardCopy III devices, the Quartus II software allows you
to set the I/O pins listed in Table 3-12 as dual-purpose pins (as shown in Figure 3-2).
As dual-purpose pins, they have I/O functionality when the device enters user mode
(when INIT DONE is asserted).

Figure 3-2. Device and Pin Options Dialog Box

Device and Pin Options E|

Fin Flacement ] Error Detection CRC ] Capacitive Loading ] Board Trace Model ]
General ] Configuration ] Frogramming Files ] Unused Fing  DualPurpose Fins lVoItage]

Specify how dual-purpoze ping should be used after device configuration is complete.
The default settings for each pin depend on the curent configuration scheme
selected in the Configuration tab, which sz Passive Serial

Maote: Far HardCopy, these settings apply to the FPGA prototype device.

Dual-purpose pins:

Mame Walue
Drata[0] g outout driving around
Drata[7.1] Ag input tri-stated

b bl .
As output driving an unspecified signal
Az output driving ground
Use az reqular 140

Description;

Specifies how the Data[7.. 1] ping should be uzed when the device iz operating in -~ A
uzer mode after configuration is complete. Depending on the current device and
cotfiguration scheme, these ping can be reserved as regular 170 pins, a3 inputs that
are bri-stated, as outputs that drive ground, or as outputs that drive an unspecified
signal. If this pin is reserved as a regular [0 pin, the Data[7..1] pin: can be used as

Reset
Ok | Cancel |

If these dual-purpose pins are required to configure the Stratix III device, but will be
unused after configuration, these pins remain unused on the HardCopy III device. It
is important to consider the state of these pins after power-up and when the device is
in user mode. For example, when replacing the Stratix III device with a HardCopy III
device, these pins may be left floating when the configuration device is removed if
you assign such pins as inputs. In this case, you will either require an external means
to drive them to a stable level, or set the pins to output driving ground.
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Revision History

Table 3-13 shows the revision history for this document.

Tahle 3-13. Document Revision History

Date Version Changes

Updated Table 3—1, Table 3—-2, Table 3-3, Table 3-5, Table 3—7, Table 3-9, and Table 3—-11:
removed device HC315.

January 2011 3.2 Minor text edits.
January 2010 3.1 m Updated Table 3-20, Table 3-21, and Table 3-29.

m Updated the following tables: Table 3—1, Table 3—4, Table 3—7, Table 3—10, Table 3-6,
Table 316, Table 3—18, Table 3—10, and Table 3—-12

m Added the following tables: Table 3—11, Table 3-19, Table 3-11

m Updated Figure 3—1

m Updated “HardCopy Il and Stratix Il Mapping Options” on page 3-3

m Updated “Mapping HardCopy Il and Stratix III 1/0s and Modular 1/0 Banks” on page 3-9
m Removed “Referenced Documents”

March 2012 3.3

June 2009 3.0

m This chapter was listed as p/n 52003 in document release version 2.0
December 2008 2.0 Minor text edits.
May 2008 1.0 Initial release.
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=/ 4. Matching Stratix Ill Power and

® Configuration Requirements with
HardCopy Il Devices

This chapter discusses power-up options for HardCopy® III devices and provides
examples of how to replace FPGAs in the system with HardCopy III devices.

Configuring an FPGA is the process of loading the design data into the device. The
Altera® SRAM-based Stratix® IIl FPGA requires configuration each time the device is
powered up. After the device is powered down, the configuration data within the
Stratix III device is lost and must be loaded again on power up.

HardCopy III devices are mask-programmed and do not require configuration. One
of the advantages of HardCopy III devices is their instant-on capability upon power
up. In addition, there are options to increase delay to postpone HardCopy III devices
power up.

HardCopy IIl Power-Up Options

s

HardCopy III devices feature two power-up modes:
m Instant On (no added delay)
m Instant On After 50 ms Delay

The intent of the power-up modes is to give customers the option of choosing
between Instant On and Instant On After 50 ms Delay.

Instant On mode is the fastest power-up option on a HardCopy III device. This mode
is used when the HardCopy III device powers up independently while other
components on the board require initialization and configuration. Therefore, you
must verify that all signals which propagate to and from the HardCopy III device (for
example, reference clocks and other input pins) are stable and do not interrupt
HardCopy III device operation.

Some customers use Instant On After 50 ms Delay mode because the system might
require the FPGA and HardCopy III devices to wait until a neighboring processor
initializes completely. This mode holds the design in reset for 50 ms prior to startup.
In addition to the considerations of the system, the software expects the delay from
the FPGA device, which will now be replaced with the HardCopy device, and in these
cases, customers choose this option.

You must choose the power-up option when submitting the design database to Altera
for HardCopy III devices. After the HardCopy III devices are manufactured, the
power-up option cannot be changed.

Instant On mode is the traditional power-up scheme of most ASIC and non-volatile
devices. Similar to Stratix III devices, HardCopy III devices go through four phases
before transitioning to user mode. However, because HardCopy III devices do not
require configuration, the configuration phase is replaced by a delay phase with either
no added delay or a 50 ms delay.

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Reg. U.S. Pat. & Tm. Off.
and/or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com/common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any products and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.

HardCopy Il Device Handbook, Volume 2: Design Flow and Prototyping B

March 2012

Downloaded from AFFOW.Com.

Subscribe


http://www.altera.com/common/legal.html
https://www.altera.com/servlets/subscriptions/alert?id=HIII53004
http://www.arrow.com

4-2

Chapter 4: Matching Stratix Ill Power and Configuration Requirements with HardCopy Ill Devices
HardCopy 1l Power-Up Options

The four phases are listed in order:

m Power-up phase

m Initialization phase

m Delay phase (replacing the configuration phase)
m Start-up phase

Instant On (No Added Delay)

In Instant On mode, after the power supplies ramp up above the HardCopy III
device’s power-on reset (POR) trip point, the device initiates an internal POR
sequence. After tpog (as shown in Figure 4-1 and Figure 4-2), the power-up phase is
complete and the HardCopy III device transitions to an initialization phase, which
releases the CONF_DONE signal to be pulled high. Pulling the CONF_DONE signal high
indicates that the HardCopy III device is nearly ready for normal operation. For more
information, refer to Figure 4-1.

During the power-up sequence, weak internal pull-up resistors can pull the user I/O
pins high. When the power-up and initialization phases are complete, the I/O pins
are released. If the nI0_pullup pin transitions high, the weak pull-up resistors are
disabled.

You can find the value of the internal weak pull-up resistors on the I/O pins in the
Operating Conditions table of the specific FPGA’s device handbook.

Instant On After 50 ms Delay

The Instant On After 50 ms delay mode is similar to Instant On mode. However, the
device waits an additional 50 ms during delay phase before releasing the CONF_DONE
pin. This delay is created by an on-chip oscillator. This option is beneficial if other
devices on the board (such as a microprocessor) must be initialized prior to the
normal operation of the HardCopy III device.

A start-up phase occurs immediately after the internal registers are reset, all PLLs
used are initialized, and any I/O pins used are enabled as the device transitions into
user mode.
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Figure 4-1 shows an Instant On power-up waveform in which the HardCopy III
device is powered up and the nCONFIG, nSTATUS, and CONF_DONE pins are driven high
externally. The values for these parameters are listed in Table 4-1.

Figure 4-1. Timing Waveform for Instant On Option (Note 1), (2), (3), (4), (5)

Ve (ALL)

NCONFIG [ dontcare"

nSTATUS  ‘"don't care"

CONF_DONE __ ‘"don't care"

User 1/0O "don't care" High-Z User Mode

INIT_DONE __"don't care”

t

FOR taop fep um

Notes to Figure 4-1:

(1) Vec (ALL) represents either all the power pins or the last power pin powered up to specified operating conditions.

(2) The nCONFIG, nSTATUS, and CONF_DONE pins are weakly pulled high by an external 10 K ohm resistor to Vggpgy; they must be high for this
waveform to apply.

(3) User 1/0 pins may be tri-stated or driven before and during power-up. The nI0_pullup pin can affect the state of the user 1/0 pins during the
initialization phase.

(4) 1INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus® I software. HardCopy IlI devices carry over the INIT DONE
functionality from the prototyped FPGA design.

(5) The nCEO pin is asserted at approximately the same time as the CONF_DONE pin is released. However, the nCE pin must be driven low externally
for this waveform to apply.

Figure 4-2 shows an alternative to the power-up waveform shown in Figure 4-1. The
nCONFIG pin is externally held low longer than the PORSEL delay. This delays the
initialization sequence by a small amount.
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In addition, Figure 4-2 shows an Instant On power-up waveform where nCONFIG is
momentarily held low and nSTATUS and CONF_DONE are driven high externally. The
values for these parameters are listed in Table 4-1.

Figure 4-2. Timing Waveform for Instant On Option Where nCONFIG is Held Low After Power-Up

Vg (ALL)
nCONFIG

nSTATUS  "don't care"

CONF_DONE "don't care"

User I/0 "don't care" High-Z User Mode

INIT_DONE __"don't care”

toorOF Longer

tCFZS T1 UM

Notes to Figure 4-2:
(1) This waveform applies if nCONFIG is held low longer than tpqp delay.

(2) Ve (ALL) represents either all the power pins or the last power pin powered up to specified operating conditions. All HardCopy Il power pins
must be powered within specifications.

(3) The nCONFIG, nSTATUS, and CONF_DONE pins are weakly pulled high by an external 10 K ohm resistor to Veepgn; they must be high for this
waveform to apply.

(4) User 1/0 pins may be tri-stated or driven before and during power-up.

(5) 1INIT DONE is an optional pin that can be enabled on the FPGA using the Quartus Il software. HardCopy |1l devices carry over the INIT DONE
functionality from the prototype FPGA design.

(6) The nCEO pin is asserted at approximately the same time as the CONF_DONE pin is released. However, the nCE pin must be driven low externally
for this waveform to apply. Pulsing the nconr1G signal on an FPGA re-initializes the configuration sequence. The nconr1G signal on a HardCopy 111
device also restarts the initialization sequence.
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Pulsing the nCONFIG signal on an FPGA re-initializes the configuration sequence. This
is the same for HardCopy ASIC devices; users pulse the nCONFIG signal on a
HardCopy ASIC device and this also restarts the POR sequence. Figure 4-3 shows the
Instant On behavior of the configuration signals and user I/O pins if the nCONFIG pin
is pulsed while the VCC supplies are already powered up and stable. The values for
these parameters are listed in Table 4-1.

Figure 4-3. Timing Waveform for the Instant-On Option When Pulsing the nCONFIG Signal (Note 1), (2), (3), (4), (5)

Ve (ALL)

nCONFIG
nSTATUS

CONF_DONE |
User I/O "don't care" X High Z X User Mode
INIT_DONE "don't care" >| ’7

: teresto : :
 E— h

t : H
CF2ST1 & taop top H L

Notes to Figure 4-3:

(1) Vgc (ALL) represents either all the power pins or the last power pin powered up to specified operating conditions. All HardCopy 1l power pins
must be powered within specifications as described in Hot Socketing sections.

(2) The nSTATUS and CONF_DONE pins must not be driven low externally for this waveform to apply.
(3) Then1O_pul lup pin can affect the state of the user I/0 pins during the initialization phase.

(4) INIT_DONE is an optional pin that can be enabled on the FPGA using the Quartus Il software. HardCopy Il devices carry over the INIT_DONE
functionality from the prototyped FPGA design.

(5) The nCEO pinis asserted at approximately the same time as the CONF_DONE pin is released. However, the nCE pin must be driven low externally
for this waveform to apply.

e For more information about HardCopy III configuration specifications, refer to the DC
and Switching Characteristics chapter in volume 3 of the HardCopy III Device Handbook
and the Hot Socketing and Power-On Reset chapter in volume 1 of the HardCopy 111
Device Handbook.

Table 4-1 lists the timing parameters and their conditions during the power-up
sequence for Figure 4-1 through Figure 4-3.

Table 4-1. Power-up Timing Parameters for HardCopy Il Devices

Symbol Parameter Min Typ Max Units
PORSEL = H 12 — — ms
tror PORSEL delay
PORSEL =L 100 — — ms
terosTo nCONFIG low to nSTATUS low — — 0.8 us
torosTH nCONFIG high to nSTATUS high — — 270 us
N Instant on 50 — 90 us
taop Additional delay
After 50 ms delay 50 — 90 ms
top CONF_DONE delay 0.6 — 1.1 us
tum User mode delay 50 — 110 us
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L=~ HardCopy III devices power up to user mode instantly, while a Stratix III device
requires configuration after power up. If you are designing a board in which a
HardCopy III device will replace the Stratix III device, ensure that all signals
important to the HardCopy III device are ready before the HardCopy III device enters
user mode. Examples of these signals are clocks, resets, and control signals. If these
signals are not ready, system operation may be erratic until a proper reset and
initialization of your design is performed.

Configuration Pin Compatibility

When designing a board for both a Stratix III prototype device and its companion
HardCopy III device, most configuration pins required by the Stratix III device are not
required by the HardCopy III device. The programmable capabilities of these
configuration pins in Stratix III devices cannot carry over to the HardCopy III
companion device because the HardCopy III device is not programmable. To simplify
the board connection for these configuration pins, Altera recommends minimizing the
power-up and configuration pins that do not carry over from the Stratix III device to
the HardCopy III device.

Table 4-2 lists the dedicated and optional configuration pins for Stratix III and
HardCopy III devices. If the HardCopy III device uses the pins’ optional function
found in Stratix III devices, the Quartus II software allows you to set these pins as
dual-purpose pins. As dual-purpose pins, they have I/O functionality after power up
and initialization. These pins only switch to their I/O designation when the device
enters user mode (when INIT DONE is asserted). The design may require that some
signals be present when the device transitions into user mode; therefore, it is
important to consider the state of these pins after power up and after the device is in
user mode when designing the board and selecting the state of dual-purpose pins.

Table 4-2. Configuration Pin Compatibility (Part 1 of 2) (Note 1), (2), (3)

Stratix lll HardCopy Ill
Pin Name Function Board Connection
MSEL [2..0] Dedicated No connect on board
nCONFIG (5) Dedicated Required connection
i DATA [0] retains both user I/0 and optional EPCS access
DATA [7..0] Dual-Purpose functions. DATA[7. .1] retains user I/0 functions only
S Dedicated No connect on board, except when EPCS access is required in
user mode
INIT DONE (6) Dual-Purpose (Optional) | Retains the same I/0 functions from the Stratix IIl device
CLKUSR Dual-Purpose (Optional) | Retains the same I/0 functions from the Stratix |1l device
nSTATUS (5) Dedicated Required connection
CONF_DONE (5) Dedicated Required connection
nCE Dedicated Required connection
nCEO Dedicated Not required
PORSEL (5) Dedicated Required connection
AP0 Dedicated No connect on board, except when EPCS access is required in
user mode
HardCopy Il Device Handbook, Volume 2: Design Flow and Prototyping March 2012 Altera Corporation
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Table 4-2. Configuration Pin Compatibility (Part 2 of 2) (Note 1), (2), (3)

Stratix lll HardCopy Ill
Pin Name Function Board Connection
05O Dedicated No connect on board, except when EPCS access is required in
user mode
nIO PULLUP Dedicated Required connection
. Retains the same I/0 functions from the Stratix Ill device, but
CRC_ERROR (4) Dual-Purpose (Optional) not CRC_ERROR because no device programming is needed.
DEV_CLRn Dual-Purpose (Optional) | Retains the same I/0 functions from Stratix Il|
DEV_OE Dual-Purpose (Optional) | Retains the same I/0 functions from Stratix 1|

Notes to Table 4-2:

M

For correct operation of the HardCopy |1l device, pull the nSTATUS, nCONFIG, and CONF_DONE pins to Veepgy. In HardCopy I11 devices, these

pins are designed with weak internal resistors pulled up to Vecpgu- Stratix Il configuration schemes require pull-up resistors on these 1/0 pins,
so they may already be present on the board. You can remove these external pull-up resistors if doing so does not affect other FPGAs on the
board.

HardCopy 11l devices have a maximum Vg voltage of 3.0 V, but the input 1/0 pin can tolerate a 3.3-V level. This applies to Vgcpgm Voltage and
all dedicated and dual-purpose pins.

For HardCopy |1l devices, there is weak pull-up on the nSTATUS, CONF_DONE, nCONFIG, and DCLK pins. Therefore, these pins can be left floating
or remain connected to external pull-up resistors. If you use Erasable Programmable Configurable Serial (EPCS) in user mode as a boot-up
RAM or data access for a Nios® Il processor, DCLK, DATA [0], 2SD0, and ncso need to be connected to the EPCS device.

In HardCopy IIl devices, CRC_ERROR is hard-wired to logic O if the CRC feature is enabled in Stratix Il devices.
The PORSEL pin setting delays the POR sequence similar to the prototyping FPGA.

The INIT DONE settings option is mask-programmed into the device. You must submit these settings to Altera with the final design prior to
mapping to a HardCopy |1l device. Using the INIT DONE option and other dual-purpose pins (for example, the DEV_CLRn device-wide reset and
DEV_OE device-wide output enable) are available in the Fitter Device Options section of the Quartus Il report file.

“ e For more information about PORSEL settings for the FPGA, refer to the Configuration
Handbook.

Most optional configuration pins listed in Table 4-2 on page 4-6 support the various
configuration schemes available in Stratix III FPGAs. Parallel programming and
remote update configuration modes use most of the pins in Table 4-2 on page 4—6.
HardCopy III devices are not configurable and do not support configuration
emulation mode. Therefore, Altera recommends that you minimize using the optional
functionality of the configuration pin in the Stratix III design by using another mode
such as passive serial configuration mode.

If some of these dual-purpose pins are needed to configure the Stratix III FPGA, but
will be unused after configuration, these pins remain unused on the HardCopy III
device. Therefore, use caution when designing for these pins on the Stratix III and
HardCopy IlI boards. The removal of the Stratix III device and its corresponding
configuration device may leave these pins floating on the HardCopy III device if you
assign them as inputs without any external means of driving them to a stable level.
When selecting a Stratix III device and its device options, consider the
after-configuration requirements of these pins and set them appropriately in the
Quartus II software.
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Examples of Mapping a Stratix FPGA Configuration to a HardCopy ASIC

This section provides examples of how HardCopy III devices replace Stratix III
FPGAs using different configuration schemes.

HardCopy Ill Device Replacing a Stand-Alone Stratix Ill Device

Figure 4-4 shows the Stratix III device before it is replaced with the HardCopy III
device. The example in Figure 4-5 shows the single HardCopy III device replacing a
stand-alone Stratix III device. The configuration device, now redundant, is removed,
and no further board changes are necessary. You can remove he pull-up resistors on
the nCONFIG, nSTATUS, and CONF_DONE pins.

Figure 4-4. Configuration of a Stand-Alone Stratix Ill Device

Vecram  Vocram  Vocram

Configuration
Stratix Il Device 10kQ Z10kQ =10kQ  peyjce
DCLK |« DCLK
DATAO | DATA
nSTATUS |« »| OE nCASC NC.
CONF_DONE |« »-(nCS
nCONFIG |« nINIT_CONF
n
—<—IMSEL nCEO [— NC.
nCE

.

GND

Figure 4-5. HardCopy lll Device Replacing Stand-Alone Stratix Ill Device

Vecram Vecpam Veoram

HardCopy Il Device
DCLK

DATAO

nSTATUS
CONF_DONE
nCONFIG

—~<—|MSEL nCEO |— NC.
nCE *l
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HardCopy Il Device Replacing a Stratix Ill Device in a Cascaded

Configuration Chain

Figure 4-6 shows a design where the configuration data for the FPGAs is stored in a
single configuration device and the Stratix III devices are connected in a
multiple-device configuration chain. The second device in the chain is replaced with a

HardCopy III device.

Figure 4-6. Configuration of Multiple FPGAs in a Cascade Chain

VcepaM
VcepaM VceraM
10kQ =10kQ ;’ 10 kQ
Configuration
VeoPGM Stratix Il Device 3 VeoPGM Stratix Ill Device 2 VeePGM Stratix Il Device 1 Device
DCLK [ DCLK [~ DCLK |« DCLK
MSEL2 DATAO | <€— MSEL2 DATAO [— MSEL2 DATAO |« DATA
MSELA1 NSTATUS |[@— MSEL1 nSTATUS [@— MSEL1 nSTATUS |« | OE
MSELO CONF_DONE |« MSELO CONF_DONE |« MSELO CONF_DONE |«g P nCS nCASC
nCONFIG |« nCONFIG (<& nCONFIG [« nINIT_CONF
GND GND GND
N.C. 4 nCEO nCE |«¢ nCEO nCE |«¢ nCEO nCE

A

9]
P4
o]

To configure FPGAs on a board with both HardCopy III devices and FPGAs, you

must remove the HardCopy III device from the cascade chain. Figure 4-7 shows how
the devices are connected with the HardCopy III device removed from the chain. The
data in the configuration device must be modified to exclude the HardCopy III device

configuration data.

Figure 4-7. Configuration with the HardCopy Ill Device Removed from the Cascade Chain

VeeraM

VcepaM
VcepaM

10 kQ§1O kQ=10 kQ

Configuration
VeePaM Stratix Ill Device 2 VCCPGM HardCopy Il Device VeeraM Stratix Ill Device 1 Device
DCLK [ DCLK [ DCLK [« DCLK
MSEL2 DATAO |[<€— MSEL2 DATAO [<€— MSEL2 DATAO | DATA
MSEL1 nSTATUS [@— MSEL1 nSTATUS [ — MSEL1 nSTATUS |« »|OE
MSELO  CONF_DONE |« MSELO  CONF_DONE |«@ MSELO  CONF_DONE |«¢ »-(nCS nCASC
nCONFIG (<& nCONFIG (& nCONFIG |« nINIT_CONF
GND GND GND
N.C. -{ nCEO nCE |« N.C. < nCEO nCE [« 47 nCEO nCE <g7
GND GND

Note to Figure 4-7:

(1) TheMSEL[2:0] pins are not used on the HardCopy Il device, but they preserve the pin assignment and direction from the Stratix Ill device,

allowing drop-in replacement.
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Eliminating the HardCopy III device from the configuration chain requires the
following changes:

m The configuration data stored in the configuration device must be updated to
exclude the configuration data for the HardCopy III device.

m The nCE pin of the HardCopy III device must be tied to GND.

m The nCE pin of the FPGA that was driven by the HardCopy III nCEO pin must now
be driven by the nCEO pin of the FPGA that precedes the HardCopy III device in
the chain.

m The connections of the MSEL[2:0] pins are not required.

HardCopy Ill Device Replacing a Stratix Ill Device Configured with a
Microprocessor

When you replace a Stratix III FPGA with a HardCopy III device, the microprocessor
code must be modified to treat the HardCopy III device as a non-configurable device.
Figure 4-8 shows an example with two Stratix III devices configured using a
microprocessor or MAX® II device and the FPP configuration scheme. This example
does not require changes to the board.

Figure 4-8. Multiple-Device FPP Configuration Using a Microprocessor or MAX Il Device (Note 1)

Memory
V V
ADDR DATA[7.0]pmmmy  CCPEM VCCPGM
10 kQ gﬂ) KO Stratix Ill Device 1 Stratix Ill Device 2
MSEL[2..0] MSEL[2..0]
< ® P> CONF_DONE 37 CONF_DONE 17
< »| nSTATUS GND »| nSTATUS GND
External Host ? nCE nCEO P nCE nCEO [—N.C.
(MAX Il Device or GND
Microprocessor) $-| DATA[7..0] | DATA[7..0]
P nCONFIG P nCONFIG
P DCLK P DCLK

Note to Figure 4-8:

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain. The V¢cpgy voltage meets the 1/0
standard’s V| specification on the device and the external host.
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Figure 4-9 shows how the first Stratix III device is replaced by a HardCopy III device.
In this case, the microprocessor code must be modified to send configuration data
only to the second device (the Stratix III device) of the configuration chain. The
microprocessor can only send this data after its nCE pin is asserted by the first device
(the HardCopy III device).

Figure 4-9. Replacement of the First FPGA in the FPP Configuration Chain with a HardCopy Ill Device

Memory

ADDR  DATA[7..0] e

External Host
(MAX |l Device or
Microprocessor)

Vcepam (1) Veepam (1)

10 kQ 10 kQ

HardCopy Ill Device

MSEL(2..0]

A A

CONF_DONE
nSTATUS

GND

<W \ A /

nCE nCEO

DATA[7..0] (2)

Yvy

nCONFIG

Notes to Figure 4-9:

DCLK

GND

— N.C.

Stratix Il Device

o)
%4_‘
YVvYy \ 4

MSELI2..0] (2)
CONF_DONE @
nSTATUS GND
nCE nCEO [— N.C.
DATA[7..0]

nCONFIG

DCLK

(1) Connect the pull-up resistor to a supply that provides an acceptable input signal for all devices in the chain. The V¢cpgu voltage meets the 1/0
standard’s V|, specification on the device and the external host.

(2) TheDpaTA[7..0] and MSEL[2:0] pins are not used on the HardCopy |1l device, but they preserve the pin assignment and direction from the
Stratix Il device, allowing drop-in replacement.

HardCopy IIl Device Replacing an FPGA Configured in a JTAG Chain

In this example, the circuit connectivity is maintained and there are no changes made
to the board. You must modify the microprocessor code so that it treats the
HardCopy III device as a non-configurable device. The microprocessor can achieve
this by issuing a BYPASS instruction to the HardCopy III device. With the

HardCopy III device in BYPASS mode, the configuration data passes through it to the
downstream FPGAs.
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Figure 4-10 shows an example where there are multiple FPGAs. These devices are
connected using the JTAG I/O pins for each device and programmed using the JTAG
port. An on-board microprocessor generates the configuration data.

Figure 4-10. Configuring FPGAs in a JTAG Chain Using a Microprocessor

VeeraM Veeram VocpaM Veeram VecraM VeepaM
10 kQ 10 kQ 10 kQ 10 kQ 10 kQ 10 kQ
Stratix Il Device Stratix Il Device Stratix Ill Device
STATUS nSTATUS nSTATUS
Memor n
v (2) —| DATAO (2)—{ pATAO (2) —| DATAO
ADDR DATA DCLK (2)— bCLK (2) — DCLK
nCONFIG (2)— nCONFIG (2) —{ nCONFIG
MSEL2 (2) —{ MSEL2 (2) — MSEL2
NF_DONE CONF_DONE
MSEL1 CONERS (2) —{ MSEL1 e (2) — MSEL1 -
MSELO (2) —{ MSELO (2) — MSELO
Microprocessor nCE (3) | NCE (3 —|NCE
DI TDO | e e -p|TDI TDO [ ¢ > TDI TDO ®e°
A TMS  TCK TMS  TCK TMS  TCK
A A A A A A

Notes to Figure 4-10:
Stratix 11, Stratix I, Stratix, Cyclone® 111, Cyclone 11, and Cyclone devices can be placed within the same JTAG chain for device programming and

M
(2)
@)

configuration.

Connect the nCONFIG, MSELO, MSEL1, and MSEL2 pins to support a non-JTAG configuration scheme. If only JTAG configuration is used, connect
nCONFIG t0 Vgepgu, and MSELO, MSEL1, and MSEL2 to GND. Pull DATA0 and DCLK to either high or low.

nCE must be connected to GND or driven low for successful JTAG configuration.

Figure 4-11 shows an example where the first Stratix III device in the JTAG chain is
replaced by a HardCopy III device.

Figure 4-11. Replacement of the First FPGA in the JTAG Chain with a HardCopy Ill Device

VeepaM Veeram VocpaM VeeraMm VocrpaM VeepaM
10 kQ 10 kQ 10 kQ 10 kQ 10 kQ 10 kQ
HardCopy Il Device Stratix Ill Device Stratix Ill Device
STATUS nSTATUS nSTATUS
Memor n
Y NC —| paTAO (2) —| DATAO (2) —| DATAO
ADDR DATA DCLK (2)— bCLK (2)— DCLK
nCONFIG (2)— nCONFIG (2) — nCONFIG
MSEL2 (2)—{ MSEL2 (2) —MSEL2 GONF DONE
MSEL1 GO Pz (2) —{ MSEL1 CelETeN2 (2) — MSEL1 B
MSELO (2)— MSELO (2) —{ MSELO
Microprocessor nCE (3) | NCE (3 —|NCE
DI TDO [~ oo | TDI TDO [~ oo > TDI TDO - e
A TMS  TCK TMS  TCK TMS  TCK
A A A A A A

Notes to Figure 4-11:

M
)
3)

Stratix 1, Stratix |I, Stratix, Cyclone I, Cyclone Il, and Cyclone devices can be placed within the same JTAG chain for device programming
configuration.

Connect the nCONFIG, MSELO, MSEL1, and MSEL2 pins to support a non-JTAG configuration scheme. If only JTAG configuration is used, connect
nCONFIG t0 Vggpgy, and MSELO, MSEL1, and MSEL2 to GND. Pull DATA0 and DCLK to either high or low.

nCE must be connected to GND or driven low for successful JTAG configuration.
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Document Revision History

Table 4-3 shows the revision history for this chapter.

Table 4-3. Document Revision History

Date Version Changes
March 2012 3.2 Updated ted nCEO Board Connection in Table 4-2.
January 2011 3.1 Added Table 4-1.

June 2009 3.0 Minor updates.
December 2008 2.0 Minor text edits.
May 2008 1.0 Initial release.
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This chapter provides additional information about the document and Altera.

About this Handhook

This handbook provides comprehensive information about the Altera®
HardCopy® IV family of devices.

How to Contact Altera

To locate 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
) . Website www.altera.com/training
Technical training - ,
Email custrain@altera.com
Product literature Website www.altera.com/literature
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

The following table shows the typographic conventions this document uses.

Visual Cue Meaning

Indicate command names, dialog box titles, dialog box options, and other GUI

Bold Type with Initial Capital labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters the GUI
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.
Italic Type with Initial Capital Letters | Indicate document titles. For example, Stratix /1l Design Guidelines.
Indicates variables. For example, n+ 1.

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

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

Quotation marks indicate references to sections within a document and titles of
Quartus Il Help topics. For example, “Typographic Conventions.”

Initial Capital Letters

“Subheading Title”

March 2012  Altera Corporation HardCopy Il Device Handbook, Volume 2: Design Flow and Prototyping

Downloaded from AFFOW.Com.


http://www.altera.com/support
http://www.altera.com/training
mailto:custrain@altera.com
http://www.altera.com/literature/
mailto:nacomp@altera.com
mailto:authorization@altera.com
http://www.arrow.com

Info-2

Additional Information
Typographic Conventions

Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, datal,
tdi, and input. The suffix n denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c:\gdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

« An angled arrow instructs you to press the Enter key.
1,2, 3., and Numbered steps indicate a list of items when the sequence of the items is important,
a., b.,c.,andsoon such as the steps listed in a procedure.
[ m Bullets indicate a list of items when the sequence of the items is not important.
Il The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.
‘e The feet direct you to another document or website with related information.

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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The chapters in this document, HardCopy III Device Handbook, Volume 3: Datasheet,
were revised on the following dates. Where chapters or groups of chapters are
available separately, part numbers are listed.

Chapter 1.  DC and Switching Characteristics of HardCopy III Devices
Revised: December 2011
Part Number: HIII52001-4.1

Chapter 2.  Extended Temperature Range for HardCopy III Devices

Revised: March 2012
Part Number: HIII52002-1.0
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fAhl IERA Section I. HardCopy lll Device Datasheet

This section provides the datasheet for the HardCopy® III device family. This section
includes the following chapter:

m Chapter 1, DC and Switching Characteristics of HardCopy III Devices
m Chapter 2, Extended Temperature Range for HardCopy III Devices

Revision History

Refer to each chapter for its own specific revision history. For information on when
each chapter was updated, refer to the Chapter Revision Dates section, which appears
in the full handbook.
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fAhl IERA 1. DC and Switching Characteristics of
= ® HardCopy Ill Devices

HIlI52001-4.1

Electrical Characteristics

This chapter provides information about the absolute maximum ratings,
recommended operating conditions, DC electrical characteristics, and other
specifications for HardCopy® III devices.

Operating Conditions

When implementing HardCopy III devices in a system, the system rates the devices
according to a set of defined parameters. To maintain the highest performance and
reliability, you must consider the operating requirements described in this chapter.
HardCopy III devices are not speed binned because HardCopy III devices function at
a target frequency based on timing constraints, and operate at either commercial or
industrial temperatures.

Absolute Maximum Ratings

Absolute maximum ratings define the maximum operating conditions for
HardCopy III devices. Experiments with the device and theoretical modeling of
breakdown and damage mechanisms provide these values.

Table 1-1 lists the absolute maximum ratings for a HardCopy III device.
I'=~ Conditions beyond those listed in Table 1-1 can cause permanent damage to the

device. Additionally, device operation at the absolute maximum ratings for extended
periods of time can have adverse effects on the device.

Table 1-1. HardCopy lll Device Ahsolute Maximum Ratings (Part1 of 2) (Note 1)

Symhol Parameter Minimum Maximum Unit
VeeL Core voltage power supply -0.5 1.35 v
Ve I/0 registers power supply -0.5 1.35 v
Veen_pLL PLL digital power supply -0.5 1.35 v
Veea pLL PLL analog power supply -0.5 3.75 v
Veerr (2) (Fj’ic())v(\jlzr supply for the temperature sensing 05 375 vV
Veeram Configuration pins power supply -0.5 3.9 v
Veero I/0 predriver power supply -0.5 3.9 v
Veeno I/0 power supply -0.5 3.9 v
I T S D v
Veear (3) Battery back—pp power ;upply for design . . v

security volatile key register

© 2011 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Re‘? U.S. Pat. & Tm. Off.
and/ or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com /common/legalhtml. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any CFroducts and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.

HardCopy Ill Device Handbook, Volume 3 sk,
December 2011 D
Subscribe

Downloaded from AFFOW.Com.


http://www.altera.com/common/legal.html
https://www.altera.com/servlets/subscriptions/alert?id=HIII52001
http://www.arrow.com

1-2 Chapter 1: DC and Switching Characteristics of HardCopy Il Devices
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Tahle 1-1. HardCopy lll Device Ahsolute Maximum Ratings (Part 2 of 2) (Note 1)

Symhol Parameter Minimum Maximum Unit
V| DC input voltage -0.5 4.0 v
Ty Operating junction temperature -55 125 °C
lour DC output current, per pin -25 40 mA
Tst6 Storage temperature (no bias) —65 150 °C

Notes to Table 1-1:

(1) Supply voltage specifications apply to voltage readings taken at the device pins and not the power supply.
(2) Stratix Il devices use this power supply for programmable power technology.
(3) HardCopy Il devices do not use this power supply.

Maximum Allowed Overshoot and Undershoot Voltage

During transitions, input signals may overshoot to the voltage shown in Table 1-2 and
undershoot to —2.0 V for input currents less than 100 mA and periods shorter than
20 ns.

Table 1-2 lists the maximum allowed input overshoot voltage. The maximum allowed
overshoot duration is the percentage of high time over the lifetime of the device. A
DC signal is equivalent to 100% duty cycle.

Table 1-2. Maximum Allowed Overshoot During Transitions

Overshoot
Symbol Parameter Condition Duration as % of Unit
High Time

4 100.000 %

4.05 79.330 %

4.1 46.270 %

415 27.030 %

42 15.800 %

4.25 9.240 %

43 5.410 %

4.35 3.160 %

Vi (AC) AC Input Voltage 44 1.850 %
4.45 1.080 %

45 0.630 %

4.55 0.370 %

4.6 0.220 %

4.65 0.130 %

47 0.074 %

4.75 0.043 %

48 0.025 %

4.85 0.015 %
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Figure 1-1 shows the methodology to determine the overshoot duration. The color
red indicates the overshoot voltage and is present at the HardCopy Il pin, up to 4.1 V.
From Table 1-2, for an overshoot of up to 4.1 V, the percentage of high time for
overshoot is greater than 3.15 V can be as high as 46% over an 11.4 year period. (delta
T/T) x 100 is the calculation for the percentage of high-time. This 11.4 year period
assumes that you turned on the device with 100% 1/O toggle rate and 50% duty cycle
signal. Lifetimes increase for lower I/ O toggle rates and situations in which the device

is in an idle state.

Figure 1-1. Overshoot Duration

Recommended Operating Conditions

This section lists the functional operation limits for AC and DC parameters for
HardCopy III devices. Table 1-3 lists the steady-state voltage and current values
expected from HardCopy III devices. All supplies must reach their full-rail values in
tr avp Maximum monotonically.

Table 1-3. HardGopy lll Device Recommended Operating Conditions (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Unit
Core voltage power supply for .

Vea (7) internal logic and input buffers 087 09 0.93 v

Vee (1) 1/0 registers power supply — 0.87 0.9 093 V

Veep pue (7) | PLL digital power supply — 0.87 0.9 0.93 V

Veea pLL PLL analog power supply — 2.375 2.5 2.625 v
Power supply for the temperature .

Veerr (2) sensing diode 2.375 2.5 2.625 v
Configuration pins power supply, . 985 3.0 315 v
3.0V

Veoran g%nI}guratlon pins power supply, . 2375 95 2 625 v
Configuration pins power supply, . 171 18 189 v
1.8V

v 3) 1/0 predriver power supply, 3.0V — 2.85 3.0 3.15 V

CoPD 1/ predriver power supply, 2.5V — 2.375 2.5 2.625 v
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Table 1-3. HardCopy lll Device Recommended Operating Conditions (Part 2 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Unit
1/0 power supply, 3.0V — 2.85 3.0 3.15 V
[/0 power supply, 2.5V — 2.375 2.5 2.625 V
Veeno 1/0 power supply, 1.8 V — 1.71 1.8 1.89 v
[/0 power supply, 1.5V — 1.425 1.5 1.575 V
1/0 power supply, 1.2V — 1.14 1.2 1.26 v
— 1.075 1.2 1.325 V
— 1.375 1.5 1.625 v
Differential clock input power —
Vee_cLkin supply (1.2V) 1.675 1.8 1.925 v
— 2.375 2.5 2.625 V
— 2.875 3.0 3.125 v
Battery back-up power supply for
Vieear (4) design security volatile key — — — — V
register
V| DC input voltage — -03 — 3.6 V
Vo Output voltage — 0 — Vo V
o Commercial use 0 — 85 °C
T, Operating junction temperature ,
Industrial use —40 — 100 °C
Normal POR
. (PORSEL=0) 50 us — 100 ms
tramp Power supply ramp time
Fast POR 50 us . 4 ms
(PORSEL=1) !

Notes to Table 1-3:

(1) In Stratix Il devices, V¢ can also be 1.1V, while Vge and Vgep pyi are 1.1 V. In HardCopy 111 devices, all three supplies are 0.9 V.
(2) Stratix Ill devices use this power supply for programmable power technology.

(3) Veepp is either 2.5V or 3.0 V. For a 3.0-V I/0 standard, Vgepp = 3.0 V. For a 2.5 V or lower I/0 standard, Veepp = 2.5 V.

(4) HardCopy Il devices do not use this power supply.

DC Characteristics

This section lists the input pin capacitances, on-chip termination (OCT) tolerance, and
hot socketing specifications.

Supply Gurrent

Standby currentis the current the device draws after the device enters user mode with
no inputs or outputs toggling and no activity in the device. Because these currents
vary largely with the resources used, use the Excel-based Early Power Estimator
(EPE) to get supply current estimates for your design.

Table 1-4 lists supply current specifications for Vec crxm and Veepgum. Use the EPE to
get supply current estimates for the remaining power supplies.

Table 1-4. Supply Current Specifications for Vgg iy and Vecpgm

Symbol Parameter Min Max Unit
loLkin Vee_cukin current specifications 0 250 mA
lpgm Vecpam current specifications 0 250 mA
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I/0 Pin Leakage Current

Table 1-5 lists HardCopy III I/O pin leakage current specifications.

Table 1-5. HardCopy Il I/0 Pin Leakage Current (Note 1), (2)

Symbol Parameter Conditions Min | Typ | Max | Unit

I Input pin leakage current V) =Veciomaxto 0V | 20 — 20 uA
Tri-stated 1/0 pin leakage

loz current P g Vo = Vooiouax 100V | =20 | — | 20 | pA

Notes To Table 1-5:
(1) This value is for normal device operation. The value may vary during power up. This applies for all Vg settings

(3.0,2.5,1.8,1.5, and 1.2 V).

(2) The20 mA1/0 leakage currentlimit is applicable when the internal clamping diode is off. You can observe a higher

current when the diode is on.

Bus Hold Specifications

Table 1-6 lists the HardCopy IIl bus hold specifications.

Table 1-6. Bus Hold Parameters

Veeio
Parameter | Symbol | Condition 1.2V 15V 1.8V 25V 3.0V Unit
Min | Max | Max | Min | Max | Min Min | Max | Max | Max
Low Vi sV
sustaining IsusL N~ I 225 — 25.0 — 30.0 — 50.0 — 70.0 — uA
(maximum)
current
High Viy <V
sustaining lsush IN = Y -25| — |-250| — |-30| — |-500]| — |-700]| — uA
(minimum)
current
Low
overdrive IODL 0V<Vy< Vcc|0 — 120 — 160 — 200 — 300 — 500 HA
current
High
overdrive loon | OV<Vin<Veoo| — —120 — —160 — —200 — —-300 — -500 | pA
current
Bus-hold Viarp — 045 | 095 | 050 | 100 | 068 | 107 | 070 | 170 | 080 | 200 | Vv
trip point
OCT Specifications

If you enabled OCT calibration, calibration is automatically performed at power up

for I/Os connected to the calibration block. Table 1-7 lists the HardCopy III OCT

calibration block accuracy specifications.

Table 1-7. HardCopy lll OCT Calibration Accuracy Specifications (Part 1 of 2) (Note 1)

_— i Calibration :
Symbol Description Conditions Accuracy Unit
Internal series termination with o
25-Q Rg 3.0/2.5/1.8/1.51.2 (2) calibration (25-Q setting) Voo =3.0/25/1.8/1.51.2V +§ %o
Internal series termination with o
50-Q Rg 3.0/2.5/1.8/1.5/1.2 calibration (50-Q setting) Veeio =3.0/25/1.81.51.2V +§ Yo
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Tahle 1-7. HardCopy lll OCT Calibration Accuracy Specifications (Part 2 of 2) (Note 1)

Calibration Unit

Symbol Description Conditions Accuracy

) Internal parallel termination with _ 0
50-Q Ry 2.5/1.8/1.5/1.2 calibration (50-Q setting) Voo = 2.5/1.8/1.5/1.2V +10 %o

Expanded range for internal series
termination with calibration (20-Q, | Vcgo =3.0/2.5/1.8/1.5/12V +10 %
40-Q and 60-Q RS settings)

Internal left shift series termination
25-Q R jeft_shift with calibration (25-Q Rs_jeft_shift Vecio =3.0/25/1.8/1.51.2V +10 %
setting)

25-Q, 25-Q, and 25-Q Rg
3.0/2.5/1.8/1.5/1.2 (3)

Notes to Table 1-7:

(1) OCT calibration accuracy is valid at the time of calibration only.
(2) 25-Q Rg not supported for 1.5V and 1.2 V in Row /0.

(3) 20-Q Rg not supported for 1.5V and 1.2 V in Row /0.

The accuracy listed in Table 1-7 is valid at the time of calibration. If the voltage or
temperature changes, the termination resistance value varies. Table 1-8 lists the
resistance tolerance for HardCopy III on-chip termination.

Tahle 1-8. OCT Resistance Tolerance Specification for I/0s

Symbol Description Conditions Rrﬁsuifrt:.',"c? Unit
25-Q RS 3.0/2.5 | Internal series termination without calibration (25-Q setting) | Vgeio =3.0/2.5V +40 %
25-Q RS 1.8/1.5 | Internal series termination without calibration (25-Q setting) | Vggio =1.8/1.5V +40 %
25-QRS 1.2 Internal series termination without calibration (25-€Q setting) Veco=1.2V +50 %
50-Q RS 3.0/2.5 | Internal series termination without calibration (50-Q setting) | Vecio =3.02.5V +40 %
50-Q RS 1.8/1.5 | Internal series termination without calibration (50-Q setting) | Veeio =1.8/1.5V +40 %
50-QRS 1.2 Internal series termination without calibration (50-Q setting) | V¢go=1.2V +50 %

Table 1-9 lists OCT variation with temperature and voltage after power-up
calibration.

[~ The R¢y, iscalibrated OCT at power-up. AT and AV are variations in temperature and
voltage (Vccio) at power-up.

Table 1-9. OCT Variation after Power-up Calibration (Part 1 of 2) (Note 1)

Symbol Description Veco (V) c“}‘;‘;'i‘:g’lia' Unit
3.0 0.0297 %/mV
2.5 0.0344 %/mV
dR/dV OCT variation with voltage without recalibration 1.8 0.0499 Y%/mV
15 0.0744 %/mV
1.2 0.1241 Y%/mV
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Table 1-9. OCT Variation after Power-up Calibration (Part 2 of 2) (Note 7)

Symbol Description Veco (V) c";‘;‘;‘i‘:'g’lia' Unit
30 0.189 %/°C
25 0.208 %/°C

OCT variation with temperature without

dR/dT recalibration 1.8 0.266 %/°C
1.5 0.273 %/°C
1.2 0.317 %/°C

Notes to Table 1-9:
(1) Valid for Vegio range of = 5% and temperature range of 0° to 85° C.

To determine OCT variation without recalibration, use Table 1-9 and Equation 1-1.
Equation1-1. (7), (2), (3), (4), (5), (6)

dR dR
Rocr = RSCAL(1+ (GpxAD) =+ <Zﬂ7XAV>)

Notes to Equation 1-1:

(1) COCT value calculated from Equation 1-1 shows the range of OCT resistance with the variation of temperature and
cclo-

(2) RscaL is the OCT resistance value at power-up.

(3) AT is the variation of temperature with respect to the temperature at power-up.

(4) AVis the variation of voltage with respect to the Vg o at power-up.

(5) dR/dT is the percentage change of Rgca With temperature.

(6) dR/dV is the percentage change of Rgca With voltage.

Pin Capacitance
Table 1-10 lists the HardCopy III device family pin capacitance.

Table 1-10. HardCopy lll Device Capacitance

Symbol Parameter Typical | Unit
CioTs Input capacitance on top and bottom I/0 pins 5 pF
CioLr Input capacitance on left and right I/0 pins 5 pF
Coukte Input capacitance on top and bottom dedicated clock input pins 4 pF
Ceikir Input capacitance on left and right dedicated clock input pins 4 pF
Coutrs Input capacitance on dual-purpose clock output and feedback pins 5 pF
Gk, Corks, Gowks, and Cekqo | Input capacitance for dedicated clock input pins 2 pF
Hot Socketing
Table 1-11 lists the hot socketing specifications for Hard Copy III devices.
Table 1-11. HardCopy Ill Hot Socketing Specifications (Part 1 of 2)
Symbol Parameter Maximum
liopingoc) DC current per 1/0 pin 300 pA
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Table 1-11. HardCopy Ill Hot Socketing Specifications (Part 2 of 2)

Symbol Parameter Maximum

lioPiNGAG) AC current per 1/0 pin 8mA (1)

Note to Table 1-11:

(1) The I/0 ramp rate is 10 ns or more. For ramp rates faster than 10 ns, |[IOPIN| = Cdv/dt, in which C is I/0 pin
capacitance and dv/dt is the slew rate.

Internal Weak Pull-Up Resistor
Table 1-12 lists the weak pull-up resistor values for HardCopy III devices.

Tahle 1-12. HardCopy il Internal Weak Pull-Up Resistor (Note 1), (2)

Symbol Parameter Conditions Typ Unit
Veco=3.0Vx5% (3) 25 kQ

Value of 1/0 pin pull-up resistor before and during Vecio=2.5V£3% (3) 25 ke

Rru configuration, as well as user mode if the Veco=18V 5% (3) 25 kQ
programmable pull-up resistor option is enabled Voo =15V 5% (3) o5 kQ

VCCIO= 12V+5% (3) 25 kQ

Notes to Table 1-12:
(1) AllI'l/O pins have an option to enable weak pull-up except test and JTAG pins.

(2) Theinternal weak pull-down feature is only available for JTAG TCK pin. The typical value for this internal weak pull-down resistor is around 25k.
(3) Pin pull-up resistance values may be lower if an external source drives the pin higher than Vego.

I/0 Standard Specifications

Table 1-13 through Table 1-18 list input voltage sensitivities (Vg and Vy), output
voltage (Voy and V), and current drive characteristics (Iog and 1) for all 1/0O
standards supported by HardCopy III devices. For an explanation of terms used in
Table 1-13 through Table 1-18, refer to Table 1-30 on page 1-19. Vo and Vg values
are valid at the corresponding I, and Iy, respectively.

Table 1-13. Single-Ended I/0 Standards Specifications

Veeio (V) Vi (V) Vi (V) Vor (V) | Vou (V)
/0 Standard lor (MA) | lgy (MA)
Min Typ Max Min Max Min Max Max Min
3.3-VLVTTL 2.85 3 3.15 -0.3 0.8 1.7 3.6 0.4 2.4 2 -2
3.3-V LVCMOS 2.85 3 3.15 -03 0.8 1.7 3.6 0.2 VCOC'g' 0.1 -0.1
2.5 2.625 -0.3 0.7 1.7 3.6 0.2 2.1 0.1 -0.1
2.5-V LVTTL/
LVCMOS 2.375 2.5 2.625 -0.3 0.7 1.7 3.6 0.4 2 1 —
2.5 2.625 -0.3 0.7 1.7 3.6 0.7 1.7 2 -2
1.8-V LVTTL/ _ 0.35 x 0.65 x Vcc|0 + VCClO - _
LVCMOS 1.71 1.8 1.89 0.3 Vool Vosro 03 0.45 0.45 2 2
1.5-V LVTTL/ 0.35 x 0.65 x Vecio + 0.25 x 0.75 x
1.425 15 1.575 -0.3 2 —2
LVCMOS Veeio Veeio 0.3 Veeio Veeio
1.2-V LVTTL/ 0.35 x 0.65 x Vecio + 0.25 x 0.75 x
1.14 1.2 1.26 -0.3 2 —2
LVCMOS Veeio Veeio 0.3 Veeio Veeio
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Table 1-13. Single-Ended I/0 Standards Specifications

Veeio (V) Vi (V) Vi (V) Vo (V) | Vou (V)
I/0 Standard lgp (MA) | Iy (MA)
Min Typ Max Min Max Min Max Max Min
0.3 x 0.5 x 0.1 x 0.9 x
3.0-V PCI 2.85 3 3.15 — 3.6 15 -0.5
Vecio Vecio Vecio Vecio
0.35 x 0.5 x 0.1x 0.9x
3.0-V PCI-X 2.85 3 3.15 — — 15 -0.5
Vecio Vecio Vecio Vecio

For an example of a voltage referenced receiver input waveform and an explanation
of terms used in Table 1-14, refer to Figure 1-6 on page 1-21.

Table 1-14. Single-Ended SSTL and HSTL 1/0 Reference Voltage Specifications

Veewo (V) Ve (V) Ve (V)
1/0 Standard
Min Typ Max Min Typ Max Min Typ Max
K 0.49 x 0.51 x VREF_ VREF +
SSTL-2 CLASS |, Il 2.375 25 2.625 Voo |08 % Ve | e Vigr e
R VRer— VRer +
SSTL-18 CLASS I, II 1.71 18 1.89 0.833 0.9 0.969 e Vigr i
SSTL-15 CLASS I, Il 1425 15 1575 | 4% 1 osxyg, | 008% | 047> Veer 0.53
Veeio Veeio Veero Veeio
HSTL-18 CLASS I, Il 1.71 18 1.89 0.85 0.9 0.95 — Vecio/2 —
HSTL-15 CLASS I, Il 1425 15 1575 0.68 0.75 0.9 — Veeio/2 —
HSTL-12 CLASS I, I 114 12 1.6 047% 1 05 x\ggo | 00%% — Veoiol2 —
Veeio Veeno

Table 1-15. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications (Part 1 of 2)

Vo V) Vupe (W) | o | Vo vy | v
I/0 Standard loL(mA) | lon (MA)
Min Max Min Max Max Min Max Min
ssizowsst | 03 | gen | 0ET YRSt ST LGS | bsr | ow | M| @
SSTL-2 CLASS II -0.3 VOR_E1F5‘ VOR_E1F5+ ch_'g * VS_EST VOF‘_%F1+ \g_%‘ \g_;g 16.2 -16.2
sstugousst |03 | s | g | 58T | 0% | O% | oars | oas | ST | O
SSTL-18 CLASS Il e I T A P B I e Y
SSTL-15 CLASS | 03 | Vag=0.1| Vger +0.1 V%’_‘g * \éRf;; \éﬁfgg 3020 |: 3;: 8 -8
SSTL-15 CLASS II 03 | Vag—0.1| Vgg +0.1 ch_'g * \éR‘T;; \éRf;; 3020 |: 3;: 16 -16
HSTL-18 CLASS | 0.3 | Vrg—0.1| Vg + 0.1 ch_'g T | Vegr—= 0.2 | Vigr+ 0.2 0.4 ch_'g - 8 -8
HSTL-18 CLASS Il 0.3 | Vrg—0.1| Vg + 0.1 ch_'g * | Vagr— 0.2 | Vigr+ 0.2 0.4 ch_'g - 16 -16
HSTL-15 CLASS | 0.3 | Vrg—0.1| Vg + 0.1 ch_'g T | Vaegr—= 0.2 | Vigr+ 0.2 0.4 ch_'g - 8 -8
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Table 1-15. Single-Ended SSTL and HSTL 1/0 Standards Signal Specifications (Part 2 of 2)

V, ']
Vioe) (V) Vipg (V) il‘(,‘;c) '("'}‘)w) Vo (V) | Vou(V)
1/0 Standard loL (MA) | loy (MA)
Min Max Min Max Max Min Max Min

HSTL-15 CLASS Il 0.3 | Vrg—0.1| Vpee + 0.1 ch"s’ * | Vgr=0.2 | Vagr+ 02 0.4 ch'g - 16 -16

_ _ VREF - VREF+ VCCIO + VF\EF - VREF + 025 X 075 X .
HSTL-12 CLASS | 015 1 008 0.08 0.15 0.15 015 | Veo | Veoo 8 8

_ _ VREF - VREF+ VCCIO + VF\EF - VREF + 025 X 075 X _
HSTL-12 CLASS I 015 1 008 0.08 0.15 0.15 015 | Veo | Veoo 16 16

For receiver input and transmitter output waveforms, and for all differential I/O
standards (LVDS, mini-LVDS, RSDS), refer to Figure 1-2 on page 1-20. Vcc crxn 1S
the power supply for differential column clock input pins. V¢cpp is the power supply
for row I/Os and all other column I/Os.

Table 1-16. Differential SSTL I/0 Standard Specifications

Veeio (V) Vswing oc) (V) Vx agy (V) Vswing acy (V) Vox (ag) (V)
I/0 Standard
Min | Typ | Max | Min | Max | Min | Typ | Max | Min | Max | Min | Typ | Max
SSTL-2 cho + VCCIO/2 . VCCIO/2 VCCIO VCC|0/2 _ VCCIO/2
CLASS I, CLASS Il | 2370 | 25 | 26261 03 | "5et | Tpo v02 | 98 1 o6 [—015 +0.15
SSTL-18 Veoro + Veeio/2 Veeio2 Vesio Veeio/2 Vo2
CLASSI,cLassm | 71| 18189 03 et~ ) = ) o 05 e o |
’ : 0.175 0.175 +90 1 0125 0.125
SSTL-15

Tahle 1-17. Differential HSTL I/0 Standards Specifications

Veeio (V) Voirog) (V) Vxac) (V) Vemog) (V) Voir(ac) (V)

I/0 Standard

Min Typ | Max | Min | Max | Min Typ Max | Min Typ | Max | Min | Max
HSTL-18
CLASS I, Il 1.71 1.8 1.89 0.2 — 0.78 — 1.12 0.78 — 1.12 04 —
HSTL-15
CLASS I, Il 1.425 1.5 1.575 0.2 — 0.68 — 0.9 0.68 — 0.9 0.4 —
HSTL-12 Vcc|0 + _ 0.5 x _ 0.4 x 0.5 x 0.6 x VCClO +
CLASSI I ' ' 1% 010 03 Vocio Vecio | Veeo | Vecio 03 0.48

Table 1-18. Differential 1/0 Standard Specifications (Note 7) (Part 1 of 2)

Vecio (V) Vip (mV) Viempey (V) Voo (V) (2) Voem (V) (2)
/0
Standard | wiy | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
Dmax <
25y — 0.05 700 Mbps 1.8 0247 | — 06 | 1.125] 1.25 | 1.375
2375 | 25 | 2625 | 100 | Vgu=1.25V
LVDS (HIO) 105 | Dmax> g on | g oa7 06 |1.125| 1.25 | 1375
I 700 Mbps ' : o : : ' '
Dmax <
25y — 0.05 700 Mbps 1.8 0247 | — 0.6 1.0 1.25 15
2375 | 25 | 2625 | 100 | Vgu=1.25V
LVDS (VI0) 105 | Dmax> o0 | g oa7 06 | 1.0 | 125] 15
— . 700Mbps . . — . . . .
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Table 1-18. Differential 1/0 Standard Specifications (Note 7) (Part 2 of 2)

10 Veeio (V) Vip (mV) Viempe) (V) Voo (V) (2) Voem (V) (2)
Standard Min | Typ | Max | Min | Condition | Max | Min | Condition | Max | Min | Typ | Max | Min | Typ | Max
RSDS
(HIO) 2375 | 25 | 2625 | 100 | Vgy=1.25V | — 0.3 — 14 0.1 0.2 0.6 0.5 1.2 1.4
RSDS
(VIO) 2375 | 25 | 2625 | 100 | Vgy=1.25V | — 0.3 — 14 0.1 0.2 0.6 0.5 1.2 1.5
:\III_I'IIS;LVDS 2375 | 25 | 2.625 | 200 — 600 | 04 — 1325 | 025 | — 0.6 1.0 1.2 1.4
:\(I/'II(';)'LVDS 2375 | 25 | 2.625 | 200 — 600 | 0.4 — 1325 | 025 | — 0.6 1.0 1.2 15

Dmax < 1.8
2375 | 25 | 2.625 | 300 — — 0.6 700 Mbps 3) — — — — — —
LVPECL ) Z 15
max < .
2375 | 25 | 2.625 | 300 — — 1.0 700 Mbps 3 — — — — — —

Notes to Table 1-18:
(1) Vertical I/0 (VI0) is top and bottom 1/0s; horizontal 1/0 (HIO) is left and right 1/0s.
(2) Rprange:90< R <110Q.

(3) For Dyax > 700 Mbps, the minimum input voltage is 0.85 V; the maximum input voltage is 1.75 V. For Fyax< 700 Mbps, the minimum input
voltage is 0.45 V; the maximum input voltage is 1.95 V.

Power Consumption

Altera offers the Excel-based EPE and the Quartus® Il PowerPlay Power Analyzer
feature to estimate power for your design.

Use the interactive Excel-based EPE before designing the HardCopy device to get a
magnitude estimate of the device power. The Quartus II PowerPlay Power Analyzer
provides better quality estimates based on the specifics of your design after the
placement and routing is complete. The PowerPlay Power Analyzer can apply a
combination of user-entered, simulation-derived, and estimated signal activities
which, combined with detailed circuit models, can yield very accurate power
estimates.

For supply current estimates for Vccpgy and Ve crxm, refer Table 1-4 on page 1-4.
Use the EPE and PowerPlay Power Analyzer for current estimates of the remaining
power supplies.
“ e For more information about power estimation tools, refer to the Power Play Early
Power Estimator User Guide and the PowerPlay Power Analysis chapter in volume 3 of
the Quartus Il Device Handbook.

Switching Characteristics

This section provides performance characteristics of HardCopy III core and periphery
blocks for commercial grade devices. HardCopy III devices can meet, at minimum,
the -3 speed grade of the Stratix IIl devices. Silicon characterization determines the
actual performance of the HardCopy III devices. The following items define the
characteristics:

m Preliminary—Created using simulation results, process data, and other known
parameters.
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m Final—Based on actual silicon characterization and testing. These numbers reflect

the actual performance of the device under worst-case silicon process, voltage, and

junction temperature conditions.

Core Performance Specifications

This sections describes the clock tree, phase-locked loop (PLL), digital signal
processing (DSP), TriMatrix, configuration, and JTAG specifications.

Clock Tree Specifications

Table 1-19 lists clock tree performance specifications for the logic array, DSP blocks,
and TriMatrix Memory blocks for HardCopy III devices.

Table 1-19. HardCopy lll Clock Tree Performance

Device Maximum Frequency Unit

HC325 600 MHz

HC335 600 MHz
PLL Specifications

Table 1-20 lists the HardCopy III PLL specifications when operating in both the
commercial junction temperature range (0° to 85° C) and the industrial junction
temperature range (—40° to 100°C). For a PLL block diagram, refer to Figure 1-4 on

page 1-21.
Table 1-20. HardCopy Ill PLL Specifications (Part 1 of 2)
Symbol Parameter Min | Typ Max Unit

fin Input clock frequency 5 — 7(113 MHz
finerD Input frequency to the PFD 5 — 325 MHz
fvco PLL VCO operating range 600 | — 1300 MHz
tenputy Input clock or external feedback clock input duty cycle 40 — 60 %
four Output frequency for internal global or regional clock — — 600 MHz
four_ext Output frequency for external clock input (-3 speed grade) — — 7(127) MHz
toutouty Duty cycle for external clock output (when set to 50%) 45 50 55 %
trcomp External feedback clock compensation time — — 10 ns
tcoNFIGPLL Time required to reconfigure PLL scan chain — 3.5 — scanclk cycles
tconrigprase | Time required or reconfigure phase shift — 1 — scanclk cycles
fscancLk scanclk frequency — — 100 MHz
tLock Time required to lock from end of device configuration — — 1 ms

Time required to lock dynamically (after switchover or
toLock reconfiguring any non-post-scale counters/delays) T 1 ms

PLL closed-loop low bandwidth — 0.3 — MHz
foLew PLL closed-loop medium bandwidth — 1.5 — MHz

PLL closed-loop high bandwidth — 4 — MHz
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Table 1-20. HardCopy Ill PLL Specifications (Part 2 of 2)

Symbol Parameter Min | Typ Max Unit
tPLL_PSERR Accuracy of PLL phase shift — — +50 ps
tARESET Minimum pulse width on a reset signal 10 — — ns
‘ 3) Input clock cycle to cycle jitter (Frer > 100 MHz) — — 0.15 Ul (p-p)

INGCd Input clock cycle to cycle jitter (Frer < 100 MHz) — — +750 ps (p-p)
; ) Period jitter for dedicated clock output (Foyr > 100 MHz) — — 175 ps (p-p)
OUTRJ0C Period jitter for dedicated clock output (Four < 100 MHz) — | — | 175 mUl (p-p)
toutce._pe Cycle-to-cycle jitter for dedicated clock output (Foyr > 100 MHz) — — 175 ps (p-p)
(4) Cycle-to-cycle jitter for dedicated clock output (Four < 100MHz) | — | — | 175 mUl (p-p)
; ) Period Jitter for clock output on regular 10 (Four> 100 MHz) — — 600 ps (p-p)
0uTRJ.10 Period Jitter for clock output on regular 10 (Foyr < 100 MHz) — — 60 mUl (p-p)
Cycle-to-cycle jitter for clock output on regular 10 . . )
(Four > 100 MHz) 600 bs (p-p)
toutccs o (4) —
Cycle-to-cycle jitter for clock output on regular 10 . . 60 mUI (p-p)
(Fout < 100 MHz) p-p
Period Jitter for dedicated clock output in cascaded PLLS (Four >
— | — | 20 ps (p-p)
teasc_outes_pc | 100 MH2)
(5), (6) Period Jitter for dedicated clock output in cascaded PLLS (Four <
100 MH2) — | = | ® | mupp
foriFT Frequency drift after PFDENA is disabled for duration of 100 us — — +10 %
Notes to Table 1-20:
(1) This specification is limited in Quartus Il software by the 1/0 maximum frequency. The maximum I/0 frequency is different for each 1/0 standard.
(2) This specification is limited by the lower of the two: I/0 Fyax or Four of the PLL.
(3) A high input jitter directly affects the PLL output jitter. To have low PLL output clock jitter, you must provide a clean clock source, which is less
than 120 ps.
(4) Peak-to-peak jitter with a probability level of 10-'2 (14 sigma, 99.99999999974404% confidence level). The output jitter specification applies to
the intrinsic jitter of the PLL, when an input jitter of 30 ps is applied.
(5) The cascaded PLL specification is only applicable in Upstream PLL (0.59Mhz < Upstream PLL BW < 1 MHz) and Downstream PLL (Downstream
PLL BW > 2 MHz) conditions.
(6) High bandwidth PLL settings are not supported in external feedback mode.
DSP Block Specifications
Table 1-21 lists the HardCopy III DSP performance specifications.
Table 1-21. HardCopy Ill DSP Block Performance Specifications (Part 1 of 2) (Note 1)
Maximum Frequency
Mode qu'l'::"i: e‘:; Unit
ultip Flipchip | Wirebond
9 x 9-bit multiplier (a, c, e, 9) (2) 1 345 276 MHz
9 x 9-bit multiplier (b, d, f, h) (2) 1 385 308 MHz
12 x 12-bit multiplier (a, &) (3) 1 345 276 MHz
12 x 12-bit multiplier (b, d, f, h) (3) 1 385 308 MHz
18 x 18-bit multiplier 1 425 340 MHz
36 x 36-bit multiplier 1 345 276 MHz
Double mode 1 345 276 MHz
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Table 1-21. HardCopy Il DSP Block Performance Specifications (Part 2 of 2) (Noie 1)

Mode Iu:ﬁ?p‘i:e‘:; Ma-ximflm Fre-quencv Unit

Flipchip | Wirebond
18 x 18-hit multiply accumulator 4 370 296 MHz
18 x 18-bit multiply adder 4 380 304 MHz
18 x 18-bit multiply adder-signed full precision 2 380 304 MHz
18 x 18-bit multiply adder with loopback (4) 2 300 240 MHz
36-bit shift (32-bit data) 1 370 296 MHz

Notes to Tahle 1-21:

(1) Maximum is for fully pipelined block with round and saturation disabled.

(2) The DSP block implements eight independent 9 x 9-bit multipliers using a, b, ¢, and d for the top half of the DSP
block and e, f, g, and h for the bottom DSP half block multipliers.

(3) The DSP block implements six independent 12 x 12-bit multipliers using a, b, and d for the top half of the DSP half
block and e, f, and h for the bottom DSP half block multipliers.

(4) Maximum for non-pipelined block with loopback input registers disabled with round and saturation disabled.

TriMatrix Memory Block Specifications
Table 1-22 lists the HardCopy III TriMatrix memory block specifications.

Table 1-22. HardGCopy lll TriMatrix Memory Block Performance Specifications (Part 1 of 2)

Memory Mode mrn?;:v Maximum Frequency Unit
Flipchip Wirehond
Single port 16 x 10 1 500 375 MHz
MLAB Simple dual-port 16 x 20 1 500 375 MHz
ROM 64 x 10 1 500 375 MHz
ROM 32 x 20 1 500 375 MHz
Single-port 8K x 1 1 540 405 MHz
Single-port 4K x 2 or 2K x 4 1 540 405 MHz
Single-port 1Kx 9,512 x 18, or 256 x 36 1 540 405 MHz
Simple dual-port, 8K x 1 1 490 368 MHz
Simple dual-port, 4K x 2 or 2K x 4 1 490 368 MHz
impl I-port, 1K x 9, 512 x 18, or
MOK 256 [iesgua Por %9 80 1 490 368 MHz
Simple dual-port, 8K x 1, 4K x 2, or
2K x 4 with the read-during-write option 1 340 255 MHz
set to “Old Data”
Simple dual-port, 1K x 9, 512 x 18, or
256 x 36 with the read-during-write 1 340 255 MHz
option set to “Old Data”
True dual-port, 8K x 1 1 430 323 MHz
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Table 1-22. HardCopy Ill TriMatrix Memory Block Performance Specifications (Part 2 of 2)

. . Maximum Frequency
Memory Mode 1;:2";;:3( Unit
Flipchip Wirebhond
True dual-port, 4K x 2 or 2K x 4 1 430 323 MHz
True dual-port, 1K x 9 or 512 x 18 1 430 323 MHz
True dual-port, 8K x 1, 4K x 2, or 2K x 4
with the read-during-write option set to 1 335 236 MHz
“Old Data”
True dual-port, 1Kx 9 or 512 x 18 with
the read-during-write option set to “Old 1 335 236 MHz
MIK Data”

ROM 1P, 8Kx 1,4K x 2, or 2K x 4 1 540 405 MHz
ROM 1P, 1K x 9, 512 x 18, or 256 x 36 1 540 405 MHz
ROM 2P, 8Kx 1,4K x 2, or 2K x 4 1 540 405 MHz
ROM 2P, 1Kx 9, 0r 512 x 18 1 540 405 MHz
Min Pulse Width (Clock High Time) — 800 1067 ps
Min Pulse Width (Clock Low Time) — 625 831 ps
True dual-port 16K x 9 or 8K x 18 1 350 263 MHz
True dual-port 4K x 36 1 350 263 MHz
Simple dual-port 16K x 9 or 8K x 18 1 375 281 MHz
Simple dual-port 4K x 36 or 2K x 72 1 375 281 MHz
ROM 1 Port 1 450 338 MHz

M144K" "Rom 2 Port 1 425 319 MHz
Single-port 16K x 9 or 8K x 18 1 400 300 MHz
Single-port 4K x 36 1 400 300 MHz
True dual-port 16K x 9, 8K x 18, or
4K x 36 with the read-during-write 1 225 169 MHz
option set to “Old Data”
Simple dual-port 16K x 9, 8K x 18,
4K x 36, or 2K x 72 with the read- 1 225 169 MHz
during-write option set to “Old Data”

M144K " T'Simple dual-port 2K x 64 (with ECC) 1 295 221 MHz
Min Pulse Width (Clock High Time) — 1382 1843 ps
Min Pulse Width (Clock Low Time) — 690 920 ps
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JTAG Specifications

Table 1-23 lists the JTAG timing parameters and values for HardCopy III devices. For
JTAG timing requirements, refer to Figure 1-3 on page 1-20.

Table 1-23. HardCopy Ill JTAG Timing Parameters and Values

Flipchip Wirebond
Symbol Parameter Unit
Min | Max | Min | Max
tyce TCK clock period 30 | — | 40 | — ns
tcH TCK clock high time 14 — 19 | — ns
tycL TCK clock low time 14 | — | 19 | — ns
tipsutor | JTAG port setup time for TDI 1 — 1 — ns
tipsutms | JTAG port setup time for TMS 3 — 3 — ns
tipH JTAG port hold time 5 — 5 — ns
14 16
t JTAG port clock to output — — ns
JPCO p p (1) (1)
L . 14 16
typzx JTAG port high impedance to valid output — (1) — (1) ns
. I 14 16
tpxz JTAG port valid output to high impedance — m | ) ns

Note to Tabhle 1-23:

(1) A1 nsadder is required for each Vg g voltage step down from 3.0 V. For example, typco= 15 ns if Vg g 0f the TDO
I/0 bank =25V, or 16 ns if it equals 1.8 V.
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Periphery Performance

This section describes the periphery performance, including high-speed I/0, external
memory interface, and OCT calibration block specifications.

High-Speed 1/0 Specifications

For definitions of high-speed timing specifications, refer to Table 1-30 on page 1-19.

Table 1-24 lists the high-speed 1/0 timing for HardCopy III devices.

Tahle 1-24. High-Speed 1/0 Specifications—Preliminary (Part 1 of 2) (Note 1), (2), (3)

Flipchip Wirebhond
Symbol Conditions
Min | Typ Max Min Typ Max
Transmitter
SERDES factor J = 3to 10 150 — 1250 150 — 840
SERDES factor J = 2, . .
Dedicated LVDS—,spg (data rate) | uses DDR registers @ 1250 (4) 840
SERDES factor J =1, . .
uses SDR register 4 i 4 450
LVDS_E_3R—f data rate 4 — 1000 4 — 640
- 3R usomoea )| SERDES factor J =4 1o 10 & “
LVDS_E_1R—f,spropa (data rate) 4) — 200 (4) — 170
Total Jitter for data rate, . . . .
_ 600 Mbps - 1.6G bps 160 160
t, Jitter -
Total Jitter for data rate, . . 04 . . 0.1
<600 Mbps ' '
touty Tx output clock duty cycle 45 50 55 45 50 95
Dedicated LVDS — — 200 — 200 —
tR|SE and tFALL LVDS_E_3R — - 350 - 350 —
LVDS_E_1R — — 500 — 500 —
Dedicated LVDS — — 100 — — 200
TCCS
LVDS_E_3R/LVDS_E_1R — — 250 — — 250
Receiver
fusoropa (data rate) | SERDES factor J = 310 10 150 | — | 1250 | 150 | — | 840
DPA Mode
DPA run length | — — | — | 1to000 | — | — [ 10000
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Tahle 1-24. High-Speed I/0 Specifications—Preliminary (Part 2 of 2) (Note 1), (2), (3)

Flipchip Wirehond
Symbol Conditions
Min | Typ Max Min Typ Max
Soft CDR mode
Soft-CDR PPM tolerance | — | — | — ] 80 | — | — |
Non DPA Mode
Sampling Window | Alldifferential /O standards | — | — | 300 | — | — | 400

Notes to Table 1-24:
M
@)
©)]
(4)

or local) is used.

Numbers are preliminary pending characterization.
When J = 3 to 10, the SERDES block is used.

When J =1 or 2, the SERDES block is bypassed.
The minimum specification is dependent on the clock source (for example, PLL and clock pin) and the clock routing resource (global, regional,

Table 1-25 lists the DPA lock time specifications.

Table 1-25. DPA Lock Time Specifications - Preliminary (Note 1)

Standard Training Pattern Transition Density | Min | Typ | Max Unit

SPI-4 00000000001111111111 10% TBD | — | — | Number of repetitions
) 00001111 25% TBD | — | — | Number of repetitions

Parallel Rapid I/0 —
10010000 50% TBD | — | — | Number of repetitions
) 10101010 100% TBD | — | — | Number of repetitions

Miscellaneous —
01010101 100% TBD | — | — | Number of repetitions

Note to Table 1-25:
M

Pending silicon characterization.

DLL and DQS Logic Block Specifications
Table 1-26 lists the delay-locked loop (DLL) frequency range specifications for

HardCopy III devices.
Table 1-26. HardCopy Ill DLL Frequency Range Specifications
Frequency DQS Delay Number of Delay
Mode Setting Chains frm (MHz2) fuax (MH2)
0 6 bits 16 90 130
1 6 bits 12 120 170
2 6 bits 10 150 210
3 6 bits 8 180 250
4 5 bits 12 240 320
5 5 bits 10 290 380
6 5 bits 8 360 450
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Table 1-27 lists the DQS phase offset delay per setting for HardCopy 111 devices.

Tahle 1-27. Average DQS Phase Offset Delay per Setting (Note 1), (2), (3)

Min Typ

Max

Unit

7 11

15

ps

Notes to Table 1-27:

(1) The valid settings for phase offset are =64 to +63 for frequency modes 0 to 3 and 32 to +31 for frequency modes

4106.

(2) The typical value equals the average of the minimum and maximum values.
(3) The delay settings are linear with a cumulative delay variation of +20 ps for all speed grades.

OCT Calibration Block Specifications
Table 1-28 lists the OCT calibration block specifications for HardCopy III devices.

Table 1-28. OCT Calibration Block Specification

Symbol Description Min Typical Max | Unit
OCTUSRCLK Clock required by OCT calibration blocks. — — 20 MHz
Number of ocTusrcLK clock cycles required for OCT Rgand RT | .
focTon calibration. 1000 cycles
t Number of ocTUsSRCLK clock cycles required for OCT code to . 08 — | eveles
OCTSHIFT shift out per OCT calibration block. y
tRs RT Time required to switch from Rg to Ry dynamically. — 2.5 — ns
Duty Cycle Distortion (DCD) Specifications
Table 1-29 lists the worst case DCD for HardCopy III devices. Detailed information on
DCD is published after characterization.
Table 1-29. DCD on HardCopy Il /0 Pins

Symbol

Max

Unit

Output Duty Cycle

45

Glossary

56

%

Table 1-30 lists the glossary for this chapter.

Table 1-30. Glossary Table (Part 1 of 4)

Letter Subject Definitions
A — —
B — —
c — -
December 2011  Altera Corporation HardCopy Il Device Handbook, Volume 3

Downloaded from AFFOW.Com.


http://www.arrow.com

1-20

Chapter 1: DC and Switching Characteristics of HardCopy Il Devices
Glossary

Table 1-30. Glossary Tahle (Part 2 of 4)

Letter Subject Definitions
Figure 1-2. Receiver Input Waveforms
Single-Ended Waveform
Positive Channel (p) =V |y
""""" { Vip
Single-Ended Waveform
Positive Channel (p) = Vou
""""" Vop
p |Differential /0 Vo Negatve Chamel () =Vou
Standards Ground
Differential Waveform
J Vop
p-n=0V
Vop
E — —
fhscix High-speed I/0 Block: High-speed receiver/transmitter input and output clock frequency.
F Thsor High-speed I/0 Block: Maximum/minimum LVDS data transfer rate (fygpg = 1/TUI), non-DPA.
fhsoroPA High-speed I/0 Block: Maximum/minimum LVDS data transfer rate (fusprppa = 1/TUI), DPA.
G — —
H — —
| — —
J High-speed I/0 Block: Deserialization factor (width of parallel data bus).
Figure 1-3. JTAG Timing Specifications
s X X X
I X X X
J | JTAG Timing S : :
Specifications L i o B SR ;
TCK f |7 li
Ypzx 4—" : tipco "—' ‘—" typxz
TDO { X
K — —
L — —
M — —
N — —
0 — —
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Table 1-30. Glossary Table (Part 3 of 4)

Specifications

Letter Subject Definitions
The block diagram shown in the following figure highlights the PLL specification parameters:
Figure 1-4. Diagram of PLL Specifications (Note 1)
p PLL

Key

O Reconfigurable in User Mode External Feedback

Note to Figure 1-4:
(1) Core clock can only be fed by dedicated clock input pins or PLL outputs.

Q J— J—
R Rt Receiver differential input discrete resistor (external to HardCopy III device).
The period of time during which the data must be valid to capture it correctly. The setup and
hold times determine the ideal strobe position in the sampling window.
SW (sampling Figure 1-5. Timing Diagram .
window) < >
0.5x TCCS RSKM Sampling Window RSKM 0.5x TCCS
sw)
The JEDEC standard for SSTI and HSTL 1/0 standards defines both the AC and DC input
signal values. The AC values indicate the voltage levels at which the receiver must meet its
timing specifications. The DC values indicate the voltage levels at which the final logic state
of the receiver is unambiguously defined. After the receiver input has crossed the AC value,
the receiver changes to the new logic state.
S The new logic state maintains as long as the input stays beyond the DC threshold. This
approach provides predictable receiver timing in the presence of input waveform ringing.
Single-ended Figure 1-6. Single-Ended Voltage Referenced 1/0 Standard
Voltage e e
Referenced 1/0
Standard |  TTTTA Vou \‘ ““““““““““ / ““““““““
Vinac)
\ [
\ / ViH(c)
V\L(DC)
ViLac)
_____ S
""""""""""""""""""""""""""" Vss
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Table 1-30. Glossary Tahle (Part 4 of 4)

Letter Subject Definitions
ic High-speed receiver and transmitter input and output clock period.
TCCS The timing difference between the fastest and the slowest output edges, including teo
(channel-to- variation and clock skew, across channels driven by the same PLL. The clock is in the TCCS
channel-skew) measurement (refer to Figure 1-5 under 8 in this table).
High-speed 1/0 Block: Duty cycle on high-speed transmitter output clock.
toury Timing Unit Interval (TUI)
T The timing budget allowed for skew, propagation delays, and data sampling window. (TUI =
1/(Receiver Input Clock Frequency Multiplication Factor) = t¢/w)
trarlL Signal high-to-low transition time (80-20%)
tincey Cycle-to-cycle jitter tolerance on PLL clock input
toutpd_10 Period jitter on general purpose 1/0 driven by a PLL
toutry_nc Period jitter on dedicated clock output driven by a PLL
trise Signal low-to-high transition time (20-80%)
U J— J—
Vempe) DC common mode input voltage.
Viem Input common mode voltage: The common mode of the differential signal at the receiver.
Vip Input differential voltage swing: The diﬁerence in vqltgge between the positive and
complementary conductors of a differential transmission at the receiver.
Viirac) AC differential input voltage: Minimum AC input differential voltage required for switching.
Vbir(pc) DC differential input voltage: Minimum DC input differential voltage required for switching.
Vi Voltage _inpgt high: The minimum positive voltage applied to the input that the device accepts
as a logic high.
Y Vikac) High-level AC input voltage
ViHpe) High-level DC input voltage
Vi, Voltage _in put low: The maximum positive voltage applied to the input that the device accepts
as a logic low.
Viac) Low-level AC input voltage
ViLoe Low-level DC input voltage
Voou Output common mode voltage: The common mode of the differential signal at the
transmitter.
Voo Output differential voltage swing: The difference in yo[tage between the_ positive and
complementary conductors of a differential transmission at the transmitter.
W Il High-speed I/0 Block: Clock boost factor
X J— J—
Y — J—
Z J— J—
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Document Revision History

Table 1-31 lists the revision history for this document.

Table 1-31. Document Revision History

Date

Version

Changes

December 2011

41

Updated operating junction temperature value in Table 1-1.
Updated Device Recommended Operating Conditions
Added Table 1-6 Bus Hold Specifications

Updated Differential 1/0 Standard Specifications

Updated HardCopy 11l 1/0 pin leakage current value.

Updated supply current specifications for Vge_cLkin and Vecpgm values.

Updated JTAG timing parameters values.

Updated DSP block performance specification.

Updated the TriMatrix memory block performance specifications.
Updated DLL frequency range specifications.

Updated hot socketing values.

Updated device capacitance values.

Updated internal weak pull-up resistor values.

Updated 1/0 OCT resistance tolerance values.

Updated OCT with calibration specification values.
Updated OCT variation after power-up calibration values.
Updated PLL specification values.

January 2011

4.0

Updated Table 1-19, Table 1-21, and Table 1-23.

Removed “External Memory Interface Specifications” and “I/0 Timing” sections .

Added a note to Table 1-23.

Updated the “Glossary” section.

Made general editorial changes.
Updated to the new document template.

June 2009

3.0

Added new part numbers and clock tree performance specifications (Table 1-18).

December 2008

2.0

Updated Table 1-3.

Updated Table 1-19.

Updated Table 1-23.

Made minor editorial changes.

May 2008

1.0

Initial release.
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fAN |:| 5 D)/, 2. Extended Temperature Range for
= ® HardCopy Ill Devices

HIlI52002-1.0

As part of the Altera® initiative to provide enhanced commercial off-the-shelf (COTS)
devices for wider applications, the temperature range for the HardCopy® III device
families has been extended to enable operation across the extended temperature range
(—40°C to 125°C). This extension allows design engineers who are working on systems
with stringent temperature requirements to benefit from the cost savings by using
commercially available HardCopy III ASICs.

HardCopy III ASICs are extremely robust and capable of operating across a wide
temperature range with excellent reliability. This chapter describes the Altera support
for HardCopy III extended temperature range operation with the appropriate
background information. It also explains how to use HardCopy III devices across the
extended temperature range operation, along with any limitations in operation that
affect the HardCopy III datasheet specifications.

These guidelines have been determined through additional characterization of
HardCopy III devices on samples of production silicon across the extended
temperature ranges (125°C and —40°C). While characterizations demonstrate correct
operation across extended temperatures by design, production testing of industrial
grade devices for extended temperature range operation is performed at 100°C.

Extended Temperature Support

Extended temperature operation requires additional timing margin over industrial
temperature operation to compensate for the potentially increased variation of fy;,x
across temperature. For the Stratix® III FPGA prototype devices, the increased timing
margin is achieved by compiling the design using an industrial I4 part and setting the
temperature range from —40°C to 125°C in the Quartus® II software. The Quartus II
software provides separate timing models at 125°C for slow corner and —40°C for fast
corner. By selecting a HardCopy III companion device and extended temperature
range (—40°C min and 125°C max) in the operating temperature condition, the
Quartus II software uses the appropriate timing models to ensure that the constraints
of extended temperature range operation are met.

The extended temperature range support design flow is the same as that for
commercial and industrial devices. Use the Quartus II HardCopy III Advisor to help
guide you through the flow to ensure your design is ready for submission to the
Altera HardCopy Design Center.

Table 2-1 lists the HardCopy III device part numbers that support the extended
temperature operation.

Table 2-1. HardCopy lll Extended Temperature Support

HardCopy Family Device Package Extended Temperature Support
HC325 All Yes
HardCopy I
HC335 All Yes

© 2012 Altera Corporation. All rights reserved. ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS and STRATIX are Re{?. U.S. Pat. & Tm. Off.
and/ or trademarks of Altera Corporation in the U.S. and other countries. All other trademarks and service marks are the property of their respective holders as described at
www.altera.com /common/legal.html. Altera warrants performance of its semiconductor products to current specifications in accordance with Altera’s standard warranty, but
reserves the right to make changes to any cFroducts and services at any time without notice. Altera assumes no responsibility or liability arising out of the application or use of any
information, product, or service described herein except as expressly agreed to in writing by Altera. Altera customers are advised to obtain the latest version of device
specifications before relying on any published information and before placing orders for products or services.
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Software Support

The HardCopy III extended temperature grade device models are supported in the
following versions of these tools:

m  The PowerPlay Early Power Estimator (EPE) or the PowerPlay Power Analyzer
software, version 11.1 or later. Download these tools from:
www.altera.com /support/devices/estimator /pow-powerplay.html

m The Quartus II software, version 11.1 or later. Download the software from:
www.altera.com/products /software/quartus-ii/subscription-edition / qts-se-
index.html

Limitations to Datasheet Specifications

This section describes the limitations to the HardCopy III datasheet specifications
when operating HardCopy III devices at extended temperature range.
Characterization results show that HardCopy III device operation across the extended
temperature range is bounded by the industrial grade of the datasheet specifications
and any relevant errata, except where noted below.

DSP Block Specifications

Table 2-2 lists the HardCopy III DSP block performance specifications.

Tahle 2-2. HardCopy Ill DSP Block Performance Specifications (Nofe 1)

Mode Iu:w?p‘ili,;'s IVfaxin-mm Freq-uency Unit
Flipchip Wirehond

9 x 9-bit multiplier (a, ¢, e, 9) (2) 1 315 252 MHz
9 x 9-bit multiplier (b, d, f, h) (2) 1 375 300 MHz
12 x 12-bit multiplier (a, e) (3) 1 315 252 MHz
12 x 12-bit multiplier (b, d, f, h) (3) 1 375 300 MHz
18 x 18-bit multiplier 1 400 320 MHz
36 x 36-bit multiplier 1 315 252 MHz
Double mode 1 315 252 MHz
18 x 18-bit multiply accumulator 4 330 264 MHz
18 x 18-bit multiply adder 4 345 276 MHz
18 x 18-bit multiply adder-signed full precision 2 345 276 MHz
18 x 18-bit multiply adder with loopback (4) 2 300 240 MHz
36-bit shift (32-bit data) 1 330 264 MHz

Notes to Table 2-2:

(1) The maximum is for a fully pipelined block with round and saturation disabled.
(2) The DSP block implements eight independent 9 x 9-bit multipliers using a, b, ¢, and d for the top half of the DSP block;

and e, f, g, and h for the bottom half of the DSP block multipliers.

(3) The DSP block implements six independent 12 x 12-bit multipliers using a, b, and d for the top half of the DSP block;

and e, f, and h for the bottom half of the DSP block multipliers.

(4) The maximum for a non-pipelined block with loopback input registers disabled with round and saturation disabled.
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Chapter 2: Extended Temperature Range for HardCopy Ill Devices 2-3
Limitations to Datasheet Specifications

TriMatrix Memory Block Specifications
Table 2-3 lists the HardCopy III TriMatrix memory block specifications.

Table 2-3. HardCopy Il TriMatrix Memory Block Performance Specifications (Part 1 of 2)

Memory Mode mrn?;:v Maximum Frequency Unit
Flipchip Wirebhond
Single port 16 x 10 1 450 338 MHz
MLAB Simple dual-port 16 x 20 1 450 338 MHz
ROM 64 x 10 1 450 338 MHz
ROM 32 x 20 1 450 338 MHz
Single-port 8K x 1 1 405 304 MHz
Single-port 4K x 2 or 2K x 4 1 405 304 MHz
Single-port 1TKx 9,512 x 18, or 256 x 36 1 460 345 MHz
Simple dual-port, 8K x 1 1 400 300 MHz
Simple dual-port, 4K x 2 or 2K x 4 1 400 300 MHz
impl [-port, 1K x 9, 512 x 18, or
MOK 256 iesgua Port 39 80 1 400 300 MHz
Simple dual-port, 8K x 1, 4K x 2, or
2K x 4 with the read-during-write option 1 265 199 MHz
set to “Old Data”
Simple dual-port, 1K x 9, 512 x 18, or
256 x 36 with the read-during-write 1 265 199 MHz
option set to “Old Data”
True dual-port, 8K x 1 1 435 326 MHz
True dual-port, 4K x 2 or 2K x 4 1 370 278 MHz
True dual-port, 1Kx 9 or 512 x 18 1 370 278 MHz
True dual-port, 8K x 1, 4K x 2, or 2K x 4
with the read-during-write option set to 1 245 184 MHz
“Old Data”
True dual-port, 1K x 9 or 512 x 18 with
the read-during-write option set to “Old 1 245 184 MHz
M9IK Data”
ROM 1P, 8K x 1,4K x 2, or 2K x 4 1 405 304 MHz
ROM 1P, 1Kx 9, 512 x 18, or 256 x 36 1 405 304 MHz
ROM 2P, 8K x 1,4K x 2, or 2K x 4 1 405 304 MHz
ROM 2P, 1Kx 9, 0r 512 x 18 1 405 304 MHz
Min Pulse Width (Clock High Time) — 800 1067 ps
Min Pulse Width (Clock Low Time) — 625 831 ps
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Table 2-3. HardCopy Il TriMatrix Memory Block Performance Specifications (Part 2 of 2)

Memory Mode ';:2"“?;:'; Maximum Frequency Unit
Flipchip Wirebond
True dual-port 16K x 9 or 8K x 18 1 310 233 MHz
True dual-port 4K x 36 1 310 233 MHz
Simple dual-port 16K x 9 or 8K x 18 1 325 244 MHz
Simple dual-port 4K x 36 or 2K x 72 1 325 244 MHz
ROM 1 Port 1 420 315 MHz
M144K " "Rom 2 Port 1 380 285 MHz
Single-port 16K x 9 or 8K x 18 1 350 263 MHz
Single-port 4K x 36 1 350 263 MHz

True dual-port 16K x 9, 8K x 18, or
4K x 36 with the read-during-write 1 200 150 MHz
option set to “Old Data”

Simple dual-port 16K x 9, 8K x 18,

4K x 36, or 2K x 72 with the read- 1 200 150 MHz
during-write option set to “Old Data”

M144K " I'Simple dual-port 2K x 64 (with ECC) 1 245 171 MHz
Min Pulse Width (Clock High Time) — 1382 1843 ps
Min Pulse Width (Clock Low Time) — 690 920 ps

Transceiver Performance Specifications

Transceiver performance is supported up to 3Gbps protocols only.

“ e Foradditional information about extended temperature support, refer to the Stratix III

Military Temperature Range Support Technical Brief.

Document Revision History

Table 2—4 lists the revision history for this document.

Table 2-4. Document Revision History

Date Version Changes
March 2012 1.0 Initial release.
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Additional Information
fAN ISR

This chapter provides additional information about the document and Altera.

How to Contact Altera

To locate 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
) - Website www.altera.com/training
Technical training . :
Email custrain@altera.com
Product literature Website www.altera.com/literature
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

The following table shows the typographic conventions this document uses.

Visual Cue Meaning

Indicate command names, dialog box titles, dialog box options, and other GUI

Bold Type with Initial Capital labels. For example, Save As dialog box. For GUI elements, capitalization matches

Letters the GUI
Indicates directory names, project names, disk drive names, file names, file name
bold type extensions, software utility names, and GUI labels. For example, \qdesigns

directory, D: drive, and chiptrip.gdf file.
Italic Type with Initial Capital Letters | Indicate document titles. For example, Stratix IV Design Guidelines.

Indicates variables. For example, n+ 1.

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

Indicate keyboard keys and menu names. For example, the Delete key and the
Options menu.

Initial Capital Letters

Quotation marks indicate references to sections within a document and titles of

Subheading Title Quartus Il Help topics. For example, “Typographic Conventions.”
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Info-2

Additional Information
Typographic Conventions

Visual Cue

Courier type

Indicates signal, port, register, bit, block, and primitive names. For example, data1,
tdi, and input. The suffixn denotes an active-low signal. For example, resetn.

Indicates command line commands and anything that must be typed exactly as it
appears. For example, c: \qdesigns\tutorial\chiptrip.gdf.

Also indicates sections of an actual file, such as a Report File, references to parts of
files (for example, the AHDL keyword SUBDESIGN), and logic function names (for
example, TRI).

t

An angled arrow instructs you to press the Enter key.

o N
o w
Qo
=
o

., and so on

iRl

Numbered steps indicate a list of items when the sequence of the items is important,
such as the steps listed in a procedure.

m >~

Bullets indicate a list of items when the sequence of the items is not important.

/| |
u

7\
q
[

The hand points to information that requires special attention.

A question mark directs you to a software help system with related information.

The feet direct you to another document or website with related information.

>

0
>
c
=
O]
b4

A caution calls attention to a condition or possible situation that can damage or
destroy the product or your work.

A warning calls attention to a condition or possible situation that can cause you
injury.

0>

The envelope links to the Email Subscription Management Center page of the Altera
website, where you can sign up to receive update notifications for Altera documents.
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