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Section I. HardCopy Stratix
Device Family Data Sheet

This section provides designers with the data sheet specifications for 
HardCopy® Stratix structured ASICs. The chapters contain feature 
definitions of the internal architecture, JTAG boundary-scan testing 
information, DC operating conditions, AC timing parameters, and a 
reference to power consumption for HardCopy Stratix structured ASICs.

This section contains the following:

■ Chapter 1, Introduction to HardCopy Stratix Devices

■ Chapter 2, Description, Architecture, and Features

■ Chapter 3, Boundary-Scan Support

■ Chapter 4, Operating Conditions

■ Chapter 5, Quartus II Support for HardCopy Stratix Devices

■ Chapter 6, Design Guidelines for HardCopy Stratix Performance 
Improvement

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 complete handbook.
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1. Introduction to HardCopy
Stratix Devices

Introduction HardCopy® Stratix® structured ASICs, Altera’s second-generation 
HardCopy structured ASICs, are low-cost, high-performance devices 
with the same architecture as the high-density Stratix FPGAs. The 
combination of Stratix FPGAs for prototyping and design verification, 
HardCopy Stratix devices for high-volume production, and the 
Quartus® II design software beginning with version 3.0, provide a 
complete and powerful alternative to ASIC design and development.

HardCopy Stratix devices are architecturally equivalent and have the 
same features as the corresponding Stratix FPGA. They offer pin-to-pin 
compatibility using the same package as the corresponding Stratix FPGA 
prototype. Designers can prototype their design to verify functionality 
with Stratix FPGAs before seamlessly migrating the proven design to a 
HardCopy Stratix structured ASIC.

The Quartus II software provides a complete set of inexpensive and 
easy-to-use tools for designing HardCopy Stratix devices. Using the 
successful and proven methodology from HardCopy APEX™ devices, 
Stratix FPGA designs can be seamlessly and quickly migrated to a 
low-cost ASIC alternative. Designers can use the Quartus II software to 
design HardCopy Stratix devices to obtain an average of 50% higher 
performance and up to 40% lower power consumption than can be 
achieved in the corresponding Stratix FPGAs. The migration process is 
fully automated, requires minimal customer involvement, and takes 
approximately eight weeks to deliver fully tested HardCopy Stratix 
prototypes.

The HardCopy Stratix devices use the same base arrays across multiple 
designs for a given device density and are customized using the top two 
metal layers. The HardCopy Stratix family consists of the HC1S25, 
HC1S30, HC1S40, HC1S60, and HC1S80 devices. Table 1–1 provides the 
details of the HardCopy Stratix devices.

H51001-2.4
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Features HardCopy Stratix devices are manufactured on the same 1.5-V, 0.13 μm 
all-layer-copper metal fabrication process (up to eight layers of metal) as 
the Stratix FPGAs.

■ Preserves the functionality of a configured Stratix device
■ Pin-compatible with the Stratix counterparts
■ On average, 50% faster than their Stratix equivalents
■ On average, 40% less power consumption than their Stratix 

equivalents
■ 25,660 to 79,040 LEs
■ Up to 5,658,408 RAM bits available
■ TriMatrix memory architecture consisting of three RAM block sizes 

to implement true dual-port memory and first-in-first-out (FIFO) 
buffers

■ Embedded high-speed DSP blocks provide dedicated 
implementation of multipliers, multiply-accumulate functions, and 
finite impulse response (FIR) filters

■ Up to 12 PLLs (four enhanced PLLs and eight fast PLLs) per device 
which provide identical features as the FPGA counterparts, 
including spread spectrum, programmable bandwidth, clock 
switchover, real-time PLL reconfiguration, advanced multiplication, 
and phase shifting

■ Supports numerous single-ended and differential I/O standards
■ Supports high-speed networking and communications bus 

standards including RapidIO™, UTOPIA IV, CSIX, HyperTransport 
technology, 10G Ethernet XSBI, SPI-4 Phase 2 (POS-PHY Level 4), 
and SFI-4

■ Differential on-chip termination support for LVDS

Table 1–1. HardCopy Stratix Devices and Features 

Device LEs (1) M512 Blocks M4K Blocks M-RAM 
Blocks DSP Blocks (2) PLLs (3)

HC1S25 25,660 224 138 2 10 6

HC1S30 32,470 295 171 2 (4) 12 6

HC1S40 41,250 384 183 2 (4) 14 6

HC1S60 57,120 574 292 6 18 12

HC1S80 79,040 767 364 6 (4) 22 12

Notes to Table 1–1: 
(1) LE: logic elements.
(2) DSP: digital signal processing.
(3) PLLs: phase-locked loops.
(4) In HC1S30, HC1S40, and HC1S80 devices, there are fewer M-RAM blocks than in the equivalent Stratix FPGA. All 

other resources are identical to the Stratix counterpart.
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Features

■ Supports high-speed external memory, including zero bus 
turnaround (ZBT) SRAM, quad data rate (QDR and QDRII) SRAM, 
double data rate (DDR) SDRAM, DDR fast-cycle RAM (FCRAM), 
and single data rate (SDR) SDRAM

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

■ Available in space-saving flip-chip FineLine BGA® and wire-bond 
packages (Tables 1–2 and 1–3)

■ Optional emulation of original FPGA configuration sequence
■ Optional instant-on power-up

1 The actual performance and power consumption improvements 
over the Stratix equivalents mentioned in this data sheet are 
design-dependent.

Table 1–2. HardCopy Stratix Device Package Options and I/O Pin Counts  
Note (1)

Device 672-Pin
FineLine BGA (2)

780-Pin
FineLine BGA (3)

1,020-Pin 
FineLine BGA (3)

HC1S25 473

HC1S30 597

HC1S40 613 (4)

HC1S60 782

HC1S80 782

Notes to Table 1–2:
(1) Quartus II I/O pin counts include one additional pin, PLLENA, which is not a 

general-purpose I/O pin. PLLENA can only be used to enable the PLLs.
(2) This device uses a wire-bond package.
(3) This device uses a flip-chip package.
(4) In the Stratix EP1S40F780 FPGA, the I/O pins U12 and U18 are general-purpose 

I/O pins. In the FPGA prototype, 
EP1S40F780_HARDCOPY_FPGA_PROTOTYPE, and in the HardCopy Stratix 
HC1S40F780 device, U12 and U18 must be connected to ground. The 
EP1S40F780_HARDCOPY_FPGA_PROTOTYPE and HC1S40F780 pin-outs are 
identical.
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Document 
Revision History

Table 1–4 shows the revision history for this chapter. 

Table 1–3. HardCopy Stratix Device Package Sizes

Device 672-Pin
FineLine BGA 

780-Pin
FineLine BGA

1,020-Pin 
FineLine BGA

Pitch (mm) 1.00 1.00 1.00

Area (mm2) 729 841 1,089

Length × width 
(mm × mm)

27 × 27 29 × 29 33 × 33

Table 1–4. Document Revision History 

Date and Document 
Version Changes Made Summary of Changes

September 2008 
v2.4

Revised chapter number and metadata. —

June 2007 v2.3 Updated Introduction section.
Updated Table 1–2.

—

December 2006 
v2.2

Updated revision history. —

March 2006 Formerly chapter 5; no content change. —

October 2005 v2.1 Minor edits —

January 2005 v2.0 Minor edits —

June 2003 v1.0 Initial release of Chapter 5, Introduction to HardCopy Stratix 
Devices, in the HardCopy Device Handbook.
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2. Description, Architecture,
and Features

Introduction HardCopy® Stratix® structured ASICs provide a comprehensive 
alternative to ASICs. The HardCopy Stratix device family is fully 
supported by the Quartus® II design software, and, combined with a vast 
intellectual property (IP) portfolio, provides a complete path from 
prototype to volume production. Designers can now procure devices, 
tools, and Altera® IP for their high-volume applications.

As shown in Figure 2–1, HardCopy Stratix devices preserve their Stratix 
FPGA counterpart’s architecture, but the programmability for logic, 
memory, and interconnect is removed. HardCopy Stratix devices are also 
manufactured in the same process technology and process voltage as 
Stratix FPGAs. Removing all configuration and programmable routing 
resources and replacing it with direct metal interconnect results in 
considerable die size reduction and the ensuing cost savings. 

Figure 2–1. HardCopy Stratix Device Architecture
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HardCopy Stratix and Stratix FPGA Differences

The HardCopy Stratix family consists of base arrays that are common to 
all designs for a particular device density. Design-specific customization 
is done within the top two metal layers. The base arrays use an 
area-efficient sea-of-logic-elements (SOLE) core and extend the flexibility 
of high-density Stratix FPGAs to a cost-effective, high-volume production 
solution. With a seamless migration process employed in numerous 
successful designs, functionality-verified Stratix FPGA designs can be 
migrated to fixed-function HardCopy Stratix devices with minimal risk 
and guaranteed first-time success.

The SRAM configuration cells of the original Stratix devices are replaced 
in HardCopy Stratix devices by metal connects, which define the function 
of each logic element (LE), digital signal processing (DSP) block, 
phase-locked loop (PLL), embedded memory, and I/O cell in the device. 
These resources are interconnected using metallization layers. Once a 
HardCopy Stratix device has been manufactured, the functionality of the 
device is fixed and no re-programming is possible. However, as is the case 
with Stratix FPGAs, the PLLs can be dynamically configured in 
HardCopy Stratix devices.

HardCopy Stratix 
and Stratix FPGA 
Differences

To ensure HardCopy Stratix device functionality and performance, 
designers should thoroughly test the original Stratix FPGA-based design 
for satisfactory results before committing the design for migration to a 
HardCopy Stratix device. Unlike Stratix FPGAs, HardCopy Stratix 
devices are customized at the time of manufacturing and therefore do not 
have programmability support.

Since HardCopy Stratix devices are customized within the top two metal 
layers, no configuration circuitry is required. Refer to “Power-Up Modes 
in HardCopy Stratix Devices” on page 2–7 for more information.

Depending on the design, HardCopy Stratix devices can provide, on 
average, a 50% performance improvement over equivalent Stratix 
FPGAs. The performance improvement is achieved by die size reduction, 
metal interconnect optimization, and customized signal buffering. 
HardCopy Stratix devices consume, on average, 40% less power than 
their equivalent Stratix FPGAs.

1 Designers can use the Quartus II software to design HardCopy 
Stratix devices, estimate performance and power consumption, 
and maximize system throughput.
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Description, Architecture, and Features

Table 2–1 illustrates the differences between HardCopy Stratix and 
Stratix devices.

Table 2–1. HardCopy Stratix and Stratix Device Comparison (Part 1 of 2)

HardCopy Stratix Stratix

Customized device. All 
reprogrammability support is removed 
and no configuration is required.

Re-programmable with configuration is 
required upon power-up.

Average of 50% performance 
improvement over corresponding 
FPGA (1).

High-performance FPGA.

Average of 40% less power 
consumption compared to 
corresponding FPGA (1).

Standard FPGA power consumption.

Contact Altera for information regarding 
specific IP support.

IP support for all devices is available.

Double data rate (DDR) SDRAM 
maximum operating frequency is 
pending characterization.

DDR SDRAM can operate at 200 MHz 
for -5 speed grade devices.

All routing connections are direct and 
all unused routing is removed.

MultiTrack™ routing stitches together 
routing resources to provide a path.

HC1S30 and HC1S40 devices have 
two M-RAM blocks. HC1S80 devices 
have six M-RAM blocks.

EP1S30 and EP1S40 devices have four 
M-RAM blocks. EP1S80 devices have 
nine M-RAM blocks.

It is not possible to initialize M512 and 
M4K RAM contents during power-up.

The contents of M512 and M4K RAM 
blocks can be preloaded during 
configuration with data specified in a 
memory initialization file (.mif).

The contents of memory output 
registers are unknown after power-on 
reset (POR).

The contents of memory output 
registers are initialized to '0' after POR.

HC1S30 and HC1S40 devices have six 
PLLs.

HC1S30 devices have 10 PLLs. 
HC1S40 devices have 12 PLLs.

PLL dynamic reconfiguration uses 
ROM for information. This 
reconfiguration is performed in the 
back-end and does not affect the 
migration flow.

PLL dynamic reconfiguration uses a 
MIF to initialize a RAM resource with 
information.

The I/O elements (IOEs) are equivalent 
but not identical to FPGA IOEs due to 
slight design optimizations for 
HardCopy devices.

The IOEs are optimized for the FPGA 
architecture.



2–4 Altera Corporation
September 2008

Logic Elements

Logic Elements Logic is implemented in HardCopy Stratix devices using the same 
architectural units as the Stratix device family. The basic unit is the logic 
element (LE) with logic array blocks (LAB) consisting of 10 LEs. The 
implementation of LEs and LABs is identical to the Stratix device family.

In the HardCopy Stratix device family, all extraneous routing resources 
not essential to the specific design are removed for performance and die 
size efficiency. Therefore, the MultiTrack interconnect for routing 
implementation between LABs and other device resources in the Stratix 
device family is no longer necessary in the HardCopy Stratix device 
family.

Table 2–2 illustrates the differences between HardCopy Stratix and 
Stratix logic.

Embedded 
Memory

TriMatrix™ memory blocks from Stratix devices, including M512, M4K, 
and M-RAM memory blocks, are available in HardCopy Stratix devices. 
Embedded memory is seamlessly implemented in the equivalent 
resource.

The I/O drive strength for single-ended 
I/O pins are slightly different and is 
modeled in the HardCopy Stratix IBIS 
models.

The I/O drive strength for single-ended 
I/O pins are found in Stratix IBIS 
models.

In the HC1S40 780-pin FineLine BGA® 
device, the I/O pins U12 and U18 must 
be connected to ground.

In the HC1S40 780-pin FineLine BGA 
device, the I/O pins U12 and U18 are 
available as general-purpose I/O pins.

The BSDL file describes re-ordered 
Joint Test Action Group (JTAG) 
boundary-scan chains.

The JTAG boundary-scan chain is 
defined in the BSDL file.

Note to Table 2–1:
(1) Performance and power consumption are design dependant.

Table 2–1. HardCopy Stratix and Stratix Device Comparison (Part 2 of 2)

HardCopy Stratix Stratix

Table 2–2. HardCopy Stratix and Stratix Logic Comparison

HardCopy Stratix Stratix

All routing connections are direct and 
all unused routing is removed.

MultiTrack routing stitches routing 
resources together to provide a path.





5–10  Altera Corporation
Preliminary September 2008

HardCopy Series Handbook, Volume 1

Figure 5–3. HardCopy Timing Optimization Wizard Options

The main benefit of the HardCopy Timing Wizard’s three options is 
flexibility of the conversion process automation. The first time you 
migrate your HARDCOPY_FPGA_PROTOTYPE project to a HardCopy 
Stratix device, you may want to use Migration Only, and then work on the 
HardCopy Stratix project in the Quartus II software. As your prototype 
FPGA project and HardCopy Stratix project constraints stabilize and you 
have fewer changes, the Full HardCopy Compilation is ideal for one-click 
compiling of your HARDCOPY_FPGA_PROTOTYPE and HardCopy 
Stratix projects.
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How to Design HardCopy Stratix Devices

After selecting the wizard you want to run, the “HardCopy Timing 
Optimization Wizard: Summary” page shows you details about the 
settings you made in the Wizard, as shown in (Figure 5–4).

Figure 5–4. HardCopy Timing Optimization Wizard Summary Page

When either of the second two options in Figure 5–4 are selected 
(Migration and Compilation or Full HardCopy Compilation), designs 
are targeted to HardCopy Stratix devices and optimized using the 
HardCopy Stratix placement and timing analysis to estimate 
performance. For details on the performance optimization and estimation 
steps, refer to “Performance Estimation” on page 5–12. If the performance 
requirement is not met, you can modify your RTL source, optimize the 
FPGA design, and estimate timing until you reach timing closure.

Tcl Support for HardCopy Migration

To complement the GUI features for HardCopy migration, the Quartus II 
software provides the following command-line executables (which 
provide the tool command language (Tcl) shell to run the --flow Tcl 
command) to migrate the HARDCOPY_FPGA_PROTOTYPE project to 
HardCopy Stratix devices:

■ quartus_sh --flow migrate_to_hardcopy <project_name> [-c 
<revision>] r

This command migrates the project compiled for the 
HARDCOPY_FPGA_PROTOTYPE device to a HardCopy Stratix 
device.
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■ quartus_sh --flow hardcopy_full_compile <project_name> 
[-c <revision>] r

This command performs the following tasks:

■ Compiles the exsisting project for a 
HARDCOPY_FPGA_PROTOTYPE device.

■ Migrates the project to a HardCopy Stratix project.
■ Opens the migrated HardCopy Stratix project and compiles it for a 

HardCopy Stratix device.

Design 
Optimization 
and 
Performance 
Estimation

The HardCopy Timing Optimization Wizard creates the HardCopy 
Stratix project in the Quartus II software, where you can perform design 
optimization and performance estimation of your HardCopy Stratix 
device.

Design Optimization

Beginning with version 4.2, the Quartus II software supports HardCopy 
Stratix design optimization by providing floorplans for placement 
optimization and HardCopy Stratix timing models. These features allows 
you to refine placement of logic array blocks (LAB) and optimize the 
HardCopy design further than the FPGA performance. Customized 
routing and buffer insertion done in the Quartus II software are then used 
to estimate the design’s performance in the migrated device. The 
HardCopy device floorplan, routing, and timing estimates in the 
Quartus II software reflect the actual placement of the design in the 
HardCopy Stratix device, and can be used to see the available resources, 
and the location of the resources in the actual device.

Performance Estimation

Figure 5–5 illustrates the design flow for estimating performance and 
optimizing your design. You can target your designs to 
HARDCOPY_FPGA_PROTOTYPE devices, migrate the design to the 
HardCopy Stratix device, and get placement optimization and timing 
estimation of your HardCopy Stratix device.

In the event that the required performance is not met, you can:

■ Work to improve LAB placement in the HardCopy Stratix project.

or
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Design Optimization and Performance Estimation

■ Go back to the HARDCOPY_FPGA_PROTOTYPE project and 
optimize that design, modify your RTL source code, repeat the 
migration to the HardCopy Stratix device, and perform the 
optimization and timing estimation steps.

1 On average, HardCopy Stratix devices are 40% faster than the 
equivalent -6 speed grade Stratix FPGA device. These 
performance numbers are highly design dependent, and you 
must obtain final performance numbers from Altera.

Figure 5–5. Obtaining a HardCopy Performance Estimation

To perform Timing Analysis for a HardCopy Stratix device, follow these 
steps:

1. Open an existing project compiled for a 
HARDCOPY_FPGA_PROTOYPE device.

2. On the Project menu, point to HardCopy Utilities and click 
HardCopy Timing Optimization Wizard.

3. Select a destination directory for the migrated project and complete 
the HardCopy Timing Optimization Wizard process.

On completion of the HardCopy Timing Optimization Wizard, the 
destination directory created contains the Quartus II project file, and 
all files required for HardCopy Stratix implementation. At this stage, 
the design is copied from the HARDCOPY_FPGA_PROTOTYPE 
project directory to a new directory to perform the timing analysis. 
This two-project directory structure enables you to move back and 
forth between the HARDCOPY_FPGA_PROTOTYPE design 
database and the HardCopy Stratix design database. The Quartus II 
software creates the <project name>_hardcopy_optimization 
directory.

You do not have to select the HardCopy Stratix device while 
performing performance estimation. When you run the HardCopy 
Timing Optimization Wizard, the Quartus II software selects the 
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HardCopy Stratix device corresponding to the specified 
HARDCOPY_FPGA_PROTOTYPE FPGA. Thus, the information 
necessary for the HardCopy Stratix device is available from the 
earlier HARDCOPY_FPGA_PROTOTYPE device selection.

All constraints related to the design are also transferred to the new 
project directory. You can modify these constraints, if necessary, in 
your optimized design environment to achieve the necessary timing 
closure. However, if the design is optimized at the 
HARDCOPY_FPGA_PROTOTYPE device level by modifying the 
RTL code or the device constraints, you must migrate the project 
with the HardCopy Timing Optimization Wizard.

c If an existing project directory is selected when the HardCopy 
Timing Optimization Wizard is run, the existing information is 
overwritten with the new compile results.
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Design Optimization and Performance Estimation

The project directory is the directory that you chose for the migrated 
project. A snapshot of the files inside the 
<project name>_hardcopy_optimization directory is shown in 
Table 5–3.

4. Open the migrated Quartus II project created in Step 3.

5. Perform a full compilation.

After successful compilation, the Timing Analysis section of the 
Compilation Report shows the performance of the design.

Table 5–3. Directory Structure Generated by the HardCopy Timing 
Optimization Wizard

<project name>_hardcopy_optimization\
<project name>.qsf
<project name>.qpf
<project name>.sof
<project name>.macr
<project name>.gclk
db\
hardcopy_fpga_prototype\

fpga_<project name>_violations.datasheet
fpga_<project name>_target.datasheet
fpga_<project name>_rba_pt_hcpy_v.tcl
fpga_<project name>_pt_hcpy_v.tcl
fpga_<project name>_hcpy_v.sdo
fpga_<project name>_hcpy.vo
fpga_<project name>_cpld.datasheet
fpga_<project name>_cksum.datasheet
fpga_<project name>.tan.rpt
fpga_<project name>.map.rpt
fpga_<project name>.map.atm
fpga_<project name>.fit.rpt
fpga_<project name>.db_info
fpga_<project name>.cmp.xml
fpga_<project name>.cmp.rcf
fpga_<project name>.cmp.atm
fpga_<project name>.asm.rpt
fpga_<project name>.qarlog
fpga_<project name>.qar
fpga_<project name>.qsf
fpga_<project name>.pin
fpga_<project name>.qpf

db_export\
<project name>.map.atm
<project name>.map.hdbx
<project name>.db_info
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1 Performance estimation is not supported for HardCopy APEX 
devices in the Quartus II software. Your design can be optimized 
by modifying the RTL code or the FPGA design and the 
constraints. You should contact Altera to discuss any desired 
performance improvements with HardCopy APEX devices.

Buffer Insertion

Beginning with version 4.2, the Quartus II software provides improved 
HardCopy Stratix device timing closure and estimation, to more 
accurately reflect the results expected after back-end migration. The 
Quartus II software performs the necessary buffer insertion in your 
HardCopy Stratix device during the Fitter process, and stores the location 
of these buffers and necessary routing information in the Quartus II 
Archive File. This buffer insertion improves the estimation of the 
Quartus II Timing Analyzer for the HardCopy Stratix device.

Placement Constraints

Beginning with version 4.2, the Quartus II software supports placement 
constraints and LogicLock regions for HardCopy Stratix devices. 
Figure 5–6 shows an iterative process to modify the placement constraints 
until the best placement for the HardCopy Stratix device is achieved.
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Location Constraints

Figure 5–6. Placement Constraints Flow for HardCopy Stratix Devices
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This section provides information about HardCopy Stratix logic location 
constraints.

LAB Assignments

Logic placement in HardCopy Stratix is limited to LAB placement and 
optimization of the interconnecting signals between them. In a Stratix 
FPGA, individual logic elements (LE) are placed by the Quartus II Fitter 
into LABs. The HardCopy Stratix migration process requires that LAB 
contents cannot change after the Timing Optimization Wizard task is 
done. Therefore, you can only make LAB-level placement optimization 
and location assignments after migrating the 
HARDCOPY_FPGA_PROTOTYPE project to the HardCopy Stratix 
device.
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The Quartus II software supports these LAB location constraints for 
HardCopy Stratix devices. The entire contents of a LAB is moved to an 
empty LAB when using LAB location assignments. If you want to move 
the logic contents of LAB A to LAB B, the entire contents of LAB A are 
moved to an empty LAB B. For example, the logic contents of 
LAB_X33_Y65 can be moved to an empty LAB at LAB_X43_Y56 but 
individual logic cell LC_X33_Y65_N1 can not be moved by itself in the 
HardCopy Stratix Timing Closure Floorplan.

LogicLock Assignments

The LogicLock feature of the Quartus II software provides a block-based 
design approach. Using this technique you can partition your design and 
create each block of logic independently, optimize placement and area, 
and integrate all blocks into the top level design.

f To learn more about this methodology, refer to the Quartus II Analyzing 
and Optimizing Design Floorplan chapter in volume 2 of the Quartus II 
Handbook.

LogicLock constraints are supported when you migrate the project from 
a HARDCOPY_FPGA_PROTOTYPE project to a HardCopy Stratix 
project. If the LogicLock region was specified as “Size=Fixed” and 
“Location=Locked” in the HARDCOPY_FPGA_PROTOTYPE project, it is 
converted to have “Size=Auto” and “Location=Floating” as shown in the 
following LogicLock examples. This modification is necessary because 
the floorplan of a HardCopy Stratix device is different from that of the 
Stratix device, and the assigned coordinates in the 
HARDCOPY_FPGA_PROTOTYPE do not match the HardCopy Stratix 
floorplan. If this modification did not occur, LogicLock assignments 
would lead to incorrect placement in the Quartus II Fitter. Making the 
regions auto-size and floating, maintains your LogicLock assignments, 
allowing you to easily adjust the LogicLock regions as required and lock 
their locations again after HardCopy Stratix placement.

The following are two examples of LogicLock assignments.

LogicLock Region Definition in the 
HARDCOPY_FPGA_PROTOTYPE Quartus II Settings File

set_global_assignment -name LL_HEIGHT 15 -entity risc8 -section_id test
set_global_assignment -name LL_WIDTH 15 -entity risc8 -section_id test
set_global_assignment -name LL_STATE LOCKED -entity risc8 -section_id test
set_global_assignment -name LL_AUTO_SIZE OFF -entity risc8 -section_id test
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LogicLock Region Definition in the Migrated HardCopy Stratix 
Quartus II Settings File

set_global_assignment -name LL_HEIGHT 15 -entity risc8 -section_id test
set_global_assignment -name LL_WIDTH 15 -entity risc8 -section_id test
set_global_assignment -name LL_STATE FLOATING -entity risc8 -section_id test
set_global_assignment -name LL_AUTO_SIZE ON -entity risc8 -section_id test

Checking 
Designs for 
HardCopy 
Design 
Guidelines

When you develop a design with HardCopy migration in mind, you must 
follow Altera-recommended design practices that ensure a 
straightforward migration process or the design will not be able to be 
implemented in a HardCopy device. Prior to starting migration of the 
design to a HardCopy device, you must review the design and identify 
and address all the design issues. Any design issues that have not been 
addressed can jeopardize silicon success. 

Altera Recommended HDL Coding Guidelines

Designing for Altera PLD, FPGA, and HardCopy structured ASIC 
devices requires certain specific design guidelines and hardware 
description language (HDL) coding style recommendations be followed.

f For more information about design recommendations and HDL coding 
styles, refer to the Design Guidelines section in volume 1 of the Quartus II 
Handbook.

Design Assistant

The Quartus II software includes the Design Assistant feature to check 
your design against the HardCopy design guidelines. Some of the design 
rule checks performed by the Design Assistant include the following 
rules:

■ Design should not contain combinational loops
■ Design should not contain delay chains
■ Design should not contain latches

To use the Design Assistant, you must run Analysis and Synthesis on the 
design in the Quartus II software. Altera recommends that you run the 
Design Assistant to check for compliance with the HardCopy design 
guidelines early in the design process and after every compilation.
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Design Assistant Settings

You must select the design rules in the Design Assistant page prior to 
running the design. On the Assignments menu, click Settings. In the 
Settings dialog box, in the Category list, select Design Assistant and turn 
on Run Design Assistant during compilation. Altera recommends 
enabling this feature to run the Design Assistant automatically during 
compilation of your design.

Running Design Assistant

To run Design Assistant independently of other Quartus II features, on 
the Processing menu, point to Start and click Start Design Assistant.

The Design Assistant automatically runs in the background of the 
Quartus II software when the HardCopy Timing Optimization Wizard is 
launched, and does not display the Design Assistant results immediately 
to the display. The design is checked before the Quartus II software 
migrates the design and creates a new project directory for performing 
timing analysis.

Also, the Design Assistant runs automatically whenever you generate the 
HardCopy design database with the HardCopy Files Wizard. The Design 
Assistant report generated is used by the Altera HardCopy Design Center 
to review your design.

Reports and Summary

The results of running the Design Assistant on your design are available 
in the Design Assistant Results section of the Compilation Report. The 
Design Assistant also generates the summary report in the 
<project name>\hardcopy subdirectory of the project directory. This 
report file is titled <project name>_violations.datasheet. Reports include 
the settings, run summary, results summary, and details of the results and 
messages. The Design Assistant report indicates the rule name, severity 
of the violation, and the circuit path where any violation occurred.

f To learn about the design rules and standard design practices to comply 
with HardCopy design rules, refer to the Quartus II Help and the 
HardCopy Series Design Guidelines chapter in volume 1 of the HardCopy 
Series Handbook.
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Generating the 
HardCopy 
Design 
Database

You can use the HardCopy Files Wizard to generate the complete set of 
deliverables required for migrating the design to a HardCopy device in a 
single click. The HardCopy Files Wizard asks questions related to the 
design and archives your design, settings, results, and database files for 
delivery to Altera. Your responses to the design details are stored in 
<project name>_hardcopy_optimization\<project name>.hps.txt.

You can generate the archive of the HardCopy design database only after 
compiling the design to a HardCopy Stratix device. The Quartus II 
Archive File is generated at the same directory level as the targeted 
project, either before or after optimization.

1 The Design Assistant automatically runs when the HardCopy 
Files Wizard is started.
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Figure 5–4 shows the archive directory structure and files collected by the 
HardCopy Files Wizard.

After creating the migration database with the HardCopy Timing 
Optimization Wizard, you must compile the design before generating the 
project archive. You will receive an error if you create the archive before 
compiling the design.

Table 5–4. HardCopy Stratix Design Files Collected by the HardCopy Files 
Wizard

<project name>_hardcopy_optimization\
<project name>.flow.rpt
<project name>.qpf
<project name>.asm.rpt
<project name>.blf
<project name>.fit.rpt
<project name>.gclk
<project name>.hps.txt
<project name>.macr
<project name>.pin
<project name>.qsf
<project name>.sof
<project name>.tan.rpt

hardcopy\
<project name>.apc
<project name>_cksum.datasheet
<project name>_cpld.datasheet
<project name>_hcpy.vo
<project name>_hcpy_v.sdo
<project name>_pt_hcpy_v.tcl
<project name>_rba_pt_hcpy_v.tcl
<project name>_target.datasheet
<project name>_violations.datasheet

hardcopy_fpga_prototype\
fpga_<project name>.asm.rpt
fpga_<project name>.cmp.rcf
fpga_<project name>.cmp.xml
fpga_<project name>.db_info
fpga_<project name>.fit.rpt
fpga_<project name>.map.atm
fpga_<project name>.map.rpt
fpga_<project name>.pin
fpga_<project name>.qsf
fpga_<project name>.tan.rpt
fpga_<project name>_cksum.datasheet
fpga_<project name>_cpld.datasheet
fpga_<project name>_hcpy.vo
fpga_<project name>_hcpy_v.sdo
fpga_<project name>_pt_hcpy_v.tcl
fpga_<project name>_rba_pt_hcpy_v.tcl
fpga_<project name>_target.datasheet
fpga_<project name>_violations.datasheet

db_export\
<project name>.db_info
<project name>.map.atm
<project name>.map.hdbx



Altera Corporation 5–23
September 2008 Preliminary

Static Timing Analysis

Static Timing 
Analysis 

In addition to performing timing analysis, the Quartus II software also 
provides all of the requisite netlists and Tcl scripts to perform static timing 
analysis (STA) using the Synopsys STA tool, PrimeTime. The following 
files, necessary for timing analysis with the PrimeTime tool, are generated 
by the HardCopy Files Wizard:

■ <project name>_hcpy.vo—Verilog HDL output format
■ <project name>_hpcy_v.sdo—Standard Delay Format Output File
■ <project name>_pt_hcpy_v.tcl—Tcl script

These files are available in the <project name>\hardcopy directory. 
PrimeTime libraries for the HardCopy Stratix and Stratix devices are 
included with the Quartus II software.

1 Use the HardCopy Stratix libraries for PrimeTime to perform 
STA during timing analysis of designs targeted to 
HARDCOPY_FPGA_PROTOTYPE device.

f For more information about static timing analysis, refer to the Classic 
Timing Analyzer and the Synopsys PrimeTime Support chapters in 
volume 3 of the Quartus II Handbook.

Early Power 
Estimation

You can use PowerPlay Early Power Estimation to estimate the amount of 
power your HardCopy Stratix or HardCopy APEX device will consume. 
This tool is available on the Altera website. Using the Early Power 
Estimator requires some knowledge of your design resources and 
specifications, including:

■ Target device and package
■ Clock networks used in the design
■ Resource usage for LEs, DSP blocks, PLL, and RAM blocks
■ High speed differential interfaces (HSDI), general I/O power 

consumption requirements, and pin counts
■ Environmental and thermal conditions

HardCopy Stratix Early Power Estimation

The PowerPlay Early Power Estimator provides an initial estimate of ICC 
for any HardCopy Stratix device based on typical conditions. This 
calculation saves significant time and effort in gaining a quick 
understanding of the power requirements for the device. No stimulus 
vectors are necessary for power estimation, which is established by the 
clock frequency and toggle rate in each clock domain.
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This calculation should only be used as an estimation of power, not as a 
specification. The actual ICC should be verified during operation because 
this estimate is sensitive to the actual logic in the device and the 
environmental operating conditions.

f For more information about simulation-based power estimation, refer to 
the Power Estimation and Analysis Section in volume 3 of the Quartus II 
Handbook.

1 On average, HardCopy Stratix devices are expected to consume 
40% less power than the equivalent FPGA.

HardCopy APEX Early Power Estimation

The PowerPlay Early Power Estimator can be run from the Altera website 
in the device support section 
(http://www.altera.com/support/devices/dvs-index.html). You cannot 
open this feature in the Quartus II software.

With the HardCopy APEX PowerPlay Early Power Estimator, you can 
estimate the power consumed by HardCopy APEX devices and design 
systems with the appropriate power budget. Refer to the web page for 
instructions on using the HardCopy APEX PowerPlay Early Power 
Estimator.

1 HardCopy APEX devices are generally expected to consume 
about 40% less power than the equivalent APEX 20KE or 
APEX 20KC FPGA devices.

Tcl Support for 
HardCopy Stratix

The Quartus II software also supports the HardCopy Stratix design flow 
at the command prompt using Tcl scripts.

f For details on Quartus II support for Tcl scripting, refer to the 
Tcl Scripting chapter in volume 2 of the Quartus II Handbook.
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Targeting 
Designs to 
HardCopy APEX 
Devices

Beginning with version 4.2, the Quartus II software supports targeting 
designs to HardCopy APEX device families. After compiling your design 
for one of the APEX 20KC or APEX 20KE FPGA devices supported by a 
HardCopy APEX device, run the HardCopy Files Wizard to generate the 
necessary set of files for HardCopy migration.

The HardCopy APEX device requires a different set of design files for 
migration than HardCopy Stratix. Table 5–5 shows the files collected for 
HardCopy APEX by the HardCopy Files Wizard.

Refer to “Generating the HardCopy Design Database” on page 5–21 for 
information about generating the complete set of deliverables required 
for migrating the design to a HardCopy APEX device. After you have 
successfully run the HardCopy Files Wizard, you can submit your design 
archive to Altera to implement your design in a HardCopy device. You 
should contact Altera for more information about this process.

Conclusion The methodology for designing HardCopy Stratix devices using the 
Quartus II software is the same as that for designing the Stratix FPGA 
equivalent. You can use the familiar Quartus II software tools and design 
flow, target designs to HardCopy Stratix devices, optimize designs for 
higher performance and lower power consumption than the Stratix 
FPGAs, and deliver the design database for migration to a HardCopy 
Stratix device. Compatible APEX FPGA designs can migrate to 
HardCopy APEX after compilation using the HardCopy Files Wizard to 
archive the design files. Submit the files to the HardCopy Design Center 
to complete the back-end migration.

Table 5–5. HardCopy APEX Files Collected by the HardCopy Files Wizard

<project name>.tan.rpt
<project name>.asm.rpt
<project name>.fit.rpt
<project name>.hps.txt
<project name>.map.rpt
<project name>.pin
<project name>.sof
<project name>.qsf
<project name>_cksum.datasheet
<project name>_cpld.datasheet
<project name>_hcpy.vo
<project name>_hcpy_v.sdo
<project name>_pt_hcpy_v.tcl
<project name>_rba_pt_hcpy_v.tcl
<project name>_target.datasheet
<project name>_violations.datasheet
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Related 
Documents

For more information, refer to the following documentation:

■ The HardCopy Series Design Guidelines chapter in volume 1 of the 
HardCopy Series Handbook.

■ The HardCopy Series Back-End Timing Closure chapter in volume 1 of 
the HardCopy Series Handbook.

Document 
Revision History

Table 5–6 shows the revision history for this chapter. 

Table 5–6. Document Revision History 

Date and Document 
Version Changes Made Summary of Changes

September 2008 
v3.4

Updated chapter number and metadata. —

June 2007 v3.3 Updated with the current Quartus II software version 7.1 
information.

—

December 2006 
v3.2

Updated revision history. —

March 2006 Formerly chapter 20; no content change. —

October 2005 v3.1 ● Updated for technical contents for Quartus II 5.1 release
● Minor edits

Minor edits.

May 2005
v3.0

Added PowerPlay early Power estimator information. —

January 2005
v2.0

This revision was previously the Quartus® II Support for 
HardCopy Devices chapter in the Quartus II Development 
Software Handbook, v4.1.

—

August 2003
v1.1

Overall edit; added Tcl script appendix. —

June 2003
v1.0

Initial release of Chapter 20, Quartus II Support for 
HardCopy Stratix Devices.

—
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Introduction Advanced design techniques using Altera® HardCopy® Stratix® devices 
can yield tremendous performance improvements over the design 
implemented in a Stratix FPGA device. After you verify your Stratix 
FPGA design in system operation and are ready to migrate to a 
HardCopy Stratix device, additional device performance is possible 
through the migration. This chapter focuses on Quartus® II software 
advanced design techniques that apply to both Stratix FPGA devices and 
HardCopy Stratix devices. Use these techniques to increase your 
maximum clock frequency, improve input and output pin timing, and 
improve timing closure in HardCopy Stratix designs.

1 Every design is different. The techniques described in this 
chapter may not apply to every design, and may not yield the 
same level of improvement.

This document discusses the following topics:

■ Planning Stratix FPGA design for HardCopy Stratix design 
conversion

■ Using LogicLock™ regions in HardCopy Stratix designs
■ Using Design Space Explorer (DSE) on HardCopy Stratix designs
■ Design performance improvement example

Background 
Information

To understand the Quartus II software and device architecture, and to use 
the advanced design techniques described in this chapter, Altera 
recommends reading the HardCopy Series Handbook and the following 
chapters in the Quartus II Software Handbook:

■ Design Recommendations for Altera Devices and the Quartus II Design 
Assistant

■ Design Optimization for Altera Devices
■ Design Space Explorer
■ Analyzing and Optimizing the Design Floorplan
■ Netlist Optimizations and Physical Synthesis

H51027-1.4



6–2 Altera Corporation
September 2008

Planning Stratix FPGA Design for HardCopy Stratix Design Conversion

Planning Stratix 
FPGA Design for 
HardCopy Stratix 
Design 
Conversion

In order to achieve greater performance improvement in your HardCopy 
Stratix device, additional Quartus II software constraints and placement 
techniques in the HARDCOPY_FPGA_PROTOTYPE design project may 
be necessary. This does not mean changing the source hardware 
description language (HDL) code or functionality, but providing 
additional constraints in the Quartus II software that specifically impact 
HardCopy Stratix timing optimization.

Planning ahead for migration to the HardCopy design, while still 
modifying the HARDCOPY_FPGA_PROTOTYPE design, can improve 
design performance results. You must anticipate how portions of your 
FPGA design are placed and connected in the HardCopy device 
floorplan. The HardCopy device floorplan is smaller than the FPGA 
device floorplan, allowing use of the customized metal routing in 
HardCopy Stratix devices.

Partitioning Your Design

Partitioning your design into functional blocks is essential in 
multi-million gate designs. With a HardCopy Stratix device, you can 
implement approximately one million ASIC gates of logic. Therefore, 
Altera recommends hierarchical-design partitioning based on system 
functions.

When using a hierarchical- or incremental-design methodology, you 
must consider how your design is partitioned to achieve good results. 
Altera recommends the following practices for partitioning designs as 
documented in the Design Recommendations for Altera Devices chapter in 
volume 1 of the Quartus II Development Software Handbook:

■ Partition your design at functional boundaries.
■ Minimize the I/O connections between different partitions.
■ Register all inputs and outputs of each block. This makes logic 

synchronous and avoids glitches and any delay penalty on signals 
that cross between partitions. Registering I/O pins typically 
eliminates the need to specify timing requirements for signals that 
connect between different blocks.

■ Do not use glue logic or connection logic between hierarchical 
blocks. When you preserve hierarchy boundaries, glue logic is not 
merged with hierarchical blocks. Your synthesis software may 
optimize glue logic separately, which can degrade synthesis results 
and is not efficient when used with the LogicLock design 
methodology.

■ Logic is not synthesized or optimized across partition boundaries. 
Any constant values (for example, signals set to GND), are not 
propagated across partitions.
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■ Do not use tri-state signals or bidirectional ports on hierarchical 
boundaries. If you use tri-state boundaries in a lower-level block, 
synthesis pushes the tri-state signals through the hierarchy to the 
top-level. This takes advantage of the tri-state drivers on the output 
pins of the Altera device. Since this requires optimizing through 
hierarchies, lower-level boundary tri-state signals are not supported 
with a block-level design methodology.

■ Limit clocks to one per block. Partitioning your design into clock 
domains makes synthesis and timing analysis easier.

■ Place state machines in separate blocks to speed optimization and 
provide greater encoding control.

■ Separate timing-critical functions from non-timing-critical functions.
■ Limit the critical timing path to one hierarchical block. Group the 

logic from several design blocks to ensure the critical path resides in 
one block.

These guidelines apply to all Altera device architectures including 
HardCopy Stratix devices. Partitioning functional boundaries to have all 
outputs immediately registered is crucial to using LogicLock regions 
effectively in HardCopy devices. With registered outputs, you allow the 
signals to leave a function block at the start of the clock period. This gives 
the signals more set-up time to reach their endpoints in the clock period. 
In large designs that are partitioned into multiple function blocks, the 
block-to-block interconnects are often the limiting factor for fMAX 
performance. Registered outputs give the Quartus II Fitter the optimal 
place-and-route flexibility for interconnects between major function 
blocks.

Physical Synthesis Optimization

All physical synthesis settings in the Quartus II software can be used in 
the HARDCOPY_FPGA_PROTOTYPE design. These settings are found 
in the Physical Synthesis Optimizations section of the Fitter Settings 
dialog box (Assignments menu) and include the following settings:

■ Physical synthesis for combinational logic
■ Register duplication
■ Register retiming

These settings can improve FPGA performance while developing the 
HARDCOPY_FPGA_PROTOTYPE. All modifications are passed along 
into the HardCopy Stratix project when you run the HardCopy Timing 
Optimization wizard. After running the HardCopy Timing Optimization 
wizard and subsequently opening the HardCopy project in the Quartus II 
software, these physical synthesis optimizations are disabled. No further 
modifications to the netlist are made.
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Altera recommends physical synthesis optimizations for the 
HARDCOPY_FPGA_PROTOTYPE. The work done in the prototype 
enhances performance in the HardCopy Stratix device after migration. 
Duplicating combinational logic and registers can increase area 
utilization, which limits placement flexibility when designs exceed 95% 
logic element (LE) utilization. However, duplicating combinational logic 
and registers can help with performance by allowing critical paths to be 
duplicated when their endpoints must reach different areas of the device 
floorplan.

f For more information on netlist and design optimization, refer to Area 
Optimization and Timing Closure in volume 2 of the Quartus II Development 
Software Handbook.

Using LogicLock 
Regions in 
HardCopy Stratix 
Designs

Create LogicLock regions in the HARDCOPY_FPGA_PROTOTYPE 
project and migrate the regions into the HardCopy Stratix optimization 
project using the Quartus II software. LogicLock regions can provide 
significant benefits in design performance by carefully isolating critical 
blocks of logic, including:

■ MegaCore® IP functions
■ I/O interfaces
■ Reset or other critical logic feeding global clock lines
■ Partitioned function blocks

You must compile your design initially without LogicLock regions 
present and review the timing analysis reports to determine if additional 
constraints or LogicLock regions are necessary. This process allows you to 
determine which function blocks or data paths require LogicLock 
regions.

Create LogicLock regions in the HARDCOPY_FPGA_PROTOTYPE 
design project in the Quartus II software. This transfers the LogicLock 
regions to the HardCopy design project after the HardCopy Timing 
Optimization Wizard is run. Although the Quartus II software transfers 
the contents of the LogicLock region, the area, location, and soft 
boundary settings revert to their default settings in the HardCopy project 
immediately after the HardCopy Timing Optimization Wizard is run.

If you are using LogicLock regions, Altera recommends you use the 
Migration Only setting in the HardCopy Timing Optimization Wizard to 
create the HardCopy design project. You should not compile your design 
automatically using the Full Compilation or Migrate and Compile 
options in the wizard. Open the HardCopy design project and verify that 
the LogicLock region properties meet your desired settings before 
compiling the HardCopy optimization project. LogicLock soft regions are 
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turned on by default in the HardCopy Stratix design. While this does 
allow the Fitter to place all logic in your design with fewer restrictions, it 
is not optimal for performance improvement in the HardCopy Stratix 
design.

Recommended LogicLock Settings for HardCopy Stratix Designs

Altera recommends the following LogicLock region settings for the 
HARDCOPY_FPGA_PROTOTYPE:

■ Turn on Reserve Unused Logic
■ Turn off Soft Region
■ Select either Auto or Fixed as the Size (design-dependent)
■ Select either Floating or Locked as the Location (design-dependent)

When using the Reserve Unused Logic setting in a design with high 
resource utilization (> 95% LE utilization), and a large number of 
LogicLock regions, the design may not fit in the device. Turning off 
Reserve Unused Logic in less critical LogicLock regions can help Fitter 
placement. The LEs allowed to float in placement and be packed into 
unused LEs of LogicLock regions may not be placed optimally after 
migration to the HardCopy Stratix device since they are merged with 
other LogicLock regions.

After running the HardCopy Timing Optimization Wizard, the 
LogicLock region properties are reset to their default conditions. This 
allows a successful and immediate placement of your design in the 
Quartus II software. You can further refine the LogicLock region 
properties for additional benefits.

Altera recommends using the following properties for LogicLock regions 
in the HardCopy design project:

■ Turn off Soft Region
■ Select either Auto or Fixed as the Size after you are satisfied with the 

placement and timing result of a LogicLock region in a successful 
HardCopy Stratix compilation

■ Select either Floating or Locked as the Location after you are 
satisfied with the placement and timing results

■ Reserve Unused Logic is not applicable in the HardCopy Stratix 
device placement because logic array block (LAB) contents can not 
be changed after the HardCopy Timing Optimization Wizard is run

An example of a well partitioned design using LogicLock regions 
effectively for some portions of the design is shown in Figure 6–1. Only 
the most critical logic functions required are placed in LogicLock regions 
in order to achieve the desired performance in the HardCopy Stratix 
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device. The dark blue rectangles shown in Figure 6–1 are the 
user-assigned LogicLock regions that have fixed locations. In this 
example, the design needed to be constrained by LogicLock regions first 
inside the HARDCOPY_FPGA_PROTOTYPE with Reserve Unused 
Logic turned off in Properties in LogicLock regions. This selection allows 
the Quartus II software to isolate and compact the logic of these blocks in 
the HARDCOPY_FPGA_PROTOTYPE such that the placement is tightly 
controlled in the HardCopy Stratix device.

Figure 6–1. A Well Partitioned Design

In the example shown in Figure 6–1, once suitable locations were 
identified for LogicLock regions, the LogicLock region properties were 
changed from floating to locked. The Quartus II software can then 
reproduce their placement in subsequent compilations, while focusing 
attention on fixing other portions of the design.

Using Design 
Space Explorer 
for HardCopy 
Stratix Designs

The DSE feature in the Quartus II software allows you to evaluate various 
compilation settings to achieve the best results for your FPGA designs. 
DSE can also be used in the HardCopy Stratix project after running the 
HardCopy Timing Optimization wizard.

Only some of the DSE settings affect HardCopy Stratix designs because 
HDL synthesis and physical optimization have been completed on the 
FPGA. No logic restructuring can occur after using the HardCopy Timing 
Optimization wizard. When you compile your design, the placement of 
LABs is optimized in the HardCopy Stratix device. To access the DSE GUI 
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in your open project in the Quartus II software, select Launch Design 
Space Explorer (Tools menu). An example of the DSE GUI and DSE 
Settings window for the HardCopy Stratix device is shown in Figure 6–2.

Figure 6–2. DSE Settings Window in the DSE GUI

Recommended DSE Settings for HardCopy Stratix Designs

The HardCopy Stratix design does not require all advanced settings or 
effort-level settings in DSE. Altera recommends using the following 
settings in DSE for HardCopy Stratix designs:

■ In the Settings tab (Figure 6–2), make the following selections:
● Under Project Settings, enter several seed numbers in the Seeds 

box. Each seed number requires one full compile of the 
HardCopy Stratix project.

● Under Project Settings, select Allow LogicLock Region 
Restructuring.

● Under Exploration Settings, select Search for Best 
Performance, and select Low (Seed Sweep) from the Effort 
Level menu.

■ Turn on Archive all Compilations (Options menu).

After running DSE with the seed sweep setting, view the results and 
identify which seed settings produced the best compilation results. Use 
the archive of the identified seed, or merge the compilation settings and 
seed number from the DSE archived project into your primary HardCopy 
Stratix project.
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Improvement 
Example

With the design used for the performance improvement example in this 
section, the designer was seeking performance improvement on an 
HC1S30F780 design for an intellectual property (IP) core consisting of 
approximately 5200 LEs, 75,000 bits of memory, and two digital signal 
processing (DSP) multiplier accumulators (MACs). The final application 
needed to fit in a reserved portion of the HC1S30 device floorplan, so the 
entire block of IP was initially bounded in a single LogicLock region. The 
IP block was evaluated as a stand-alone block.

Initial Design Example Settings

The default settings in the Quartus II software version 4.2 were used, with 
the following initial constraints added:

■ The device was set to the target Stratix FPGA device which is the 
prototype for the HC1S30F780 device:
set_global_assignment -name DEVICE 
EP1S30F780C6_HARDCOPY_FPGA_PROTOTYPE

■ A LogicLock region was created for the block to bound it in the 
reserved region.

■ The LogicLock region properties were set to Auto Size and Floating 
Location, and Reserve Unused Logic was turned on:
set_global_assignment -name LL_STATE FLOATING
set_global_assignment -name LL_AUTO_SIZE ON
set_global_assignment -name LL_RESERVED OFF
set_global_assignment -name LL_SOFT OFF

■ Virtual I/O pins were used for the ports of the core since this core 
does not interface to pins in the parent design, and the I/O pins were 
placed outside the LogicLock region and are represented as registers 
in LEs.

The initial compilation results yielded 65.30-MHz fMAX in the FPGA. The 
block was constrained through virtual I/O pins and a LogicLock region 
to keep the logic from spreading throughout the floorplan.
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The initial compile-relevant statistics for this example are provided in 
Table 6–1.

The design project was migrated to the HardCopy device using the 
HardCopy Timing Optimization wizard and was compiled. The default 
settings of the LogicLock region in a HardCopy Stratix project in the 
Quartus II software have the Soft Region option turned on. With this 
setting, the HardCopy Stratix compilation yields an fMAX of 66.48 MHz, 
mainly due to the Fitter placement being scattered in an open design 
(Figure 6–3). Because the Soft Region is set to on, the LogicLock region is 
not bounded. This is not an optimal placement in the HardCopy Stratix 
design and is not the best possible performance.

Table 6–1. Initial Compilation Statistics

Result Type Results

fMAX 65.30 MHz

Total logic elements (LEs) 5,187/32,470 (15%)

Total LABs 564/3,247 (17%)

M512 blocks 20/295 (6%)

M4K blocks 16/171 (9%)

M-RAM blocks 0/2 (0%)

Total memory bits 74,752/2,137,536 (3%)

Total RAM block bits 85,248/2,137,536 (3%)

DSP block 9-bit elements 2/96 (2%)
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Figure 6–3. HardCopy Stratix Device Floorplan with Soft Region On

To keep the LogicLock region contents bounded in the final placement in 
the HardCopy Stratix device floorplan, turn off the Soft Region option. 
After turning off the Soft Region option and compiling the HardCopy 
Stratix design, the result is an fMAX of 88.14 MHz—a gain of 33% over the 
Stratix FPGA device performance. The bounded placement in the 
LogicLock region helps to achieve performance improvement in 
well-partitioned design blocks by taking advantage of the smaller die size 
and custom metal routing interconnect of the HardCopy Stratix device. 
The floorplan of the bounded LogicLock region is visible in Figure 6–4. In 
this figure, you can see the difference in disabling the Soft Region setting 
in the HardCopy Stratix design.
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Figure 6–4. HardCopy Stratix Device Floorplan with Soft Region Off

Using Analysis and Synthesis Settings for Performance 
Improvement

After establishing the baseline for improvement for this design of 
65.30 MHz FPGA/88.14 MHz HardCopy, you can gain additional 
performance improvement in the Stratix FPGA and HardCopy Stratix 
devices using the available features in the Quartus II software.

Changing the Analysis & Synthesis Effort from Balanced to Speed 
yields additional benefit in performance, but at the cost of additional LE 
resources. The Tcl command for this assignment is as follows:

set_global_assignment -name 
STRATIX_OPTIMIZATION_TECHNIQUE SPEED
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The relevant compilation results of the FPGA are provided in Table 6–2.

Increasing the LE resources by 6% only yielded an additional 3 MHz in 
performance in the FPGA, without using additional settings. However, 
after migrating this design to the HardCopy Stratix design and compiling 
it, the performance did not improve over the previous HardCopy Stratix 
design compile, and was slightly worse in performance at 87.34 MHz. 
This shows that the Quartus II software synthesis was very effective with 
the Synthesis Effort Level set to Balanced, and there was only marginal 
improvement in the FPGA when this option was set to Speed.

The next settings activated in this example were the Synthesis Netlist 
Optimizations shown below in Tcl format for WYSIWYG synthesis 
remapping and gate-level retiming after synthesis mapping:

set_global_assignment -name 
ADV_NETLIST_OPT_SYNTH_WYSIWYG_REMAP ON

set_global_assignment -name 
ADV_NETLIST_OPT_SYNTH_GATE_RETIME ON

Table 6–2. Relevant Compile Results

Result Type Results

fMAX 68.88 MHz

Total logic elements 5,508/32,470 (16%)

Total LABs 598/3,247 (18%)

M512 blocks 20/295 (6%)

M4K blocks 16/171 (9%)

M-RAM blocks 0/2 (0%)

Total memory bits 74,752/2,137,536 (3%)

Total RAM block bits 85,248/2,137,536 (3%)

DSP block 9-bit elements 2/96 (2%)




