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simulation. Some IP cores also simultaneously generate a testbench or example design for hardware
testing.

5. To generate a simulation testbench, click Generate > Generate Testbench System. Generate
Testbench System is not available for some IP cores that do not provide a simulation testbench.

6. To generate a top-level HDL example for hardware verification, click Generate > HDL Example.
Generate > HDL Example is not available for some IP cores.

The top-level IP variation is added to the current Quartus Prime project. Click Project > Add/Remove
Files in Project to manually add a .qsys file to a project. Make appropriate pin assignments to connect
ports.

Files Generated for Altera IP Cores and Qsys Systems
The Quartus Prime software generates the following output file structure for IP cores and Qsys systems.
The generated .qsys file must be added to your project to represent IP and Qsys systems. For devices
released prior to Arria 10 devices, the generated .qip and .sip files must be added to your Quartus Prime
Standard Edition project to represent IP and Qsys systems
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Figure 10: Files generated for IP cores and Qsys Systems

<Project Directory>

<your_ip>_inst.v or .vhd - Lists file for IP core synthesis

<your_ip>.qip  - Lists files for IP core synthesis

<your_ip>.debuginfo  - Post-generation debug data 

synth - IP synthesis files

<IP Submodule> - IP Submodule Library 

sim

<your_ip>.v or .vhd - Top-level IP synthesis file

sim - IP simulation files

<simulator vendor> - Simulator setup scripts
<simulator_setup_scripts>

<your_ip> - IP core variation files

<your_ip>.qip or .qsys - System or IP integration file

<your_ip>_generation.rpt - IP generation report

<your_ip>.bsf - Block symbol schematic file 

<your_ip>.ppf - XML I/O pin information file

<your_ip>.spd - Combines individual simulation startup scripts 1

 1

<your_ip>.html - Memory map data

<your_ip>.sopcinfo - Software tool-chain integration file

<your_ip>.cmp  - VHDL component declaration

<your_ip>.v or vhd - Top-level simulation file

synth

 - IP submodule 1 simulation files

 - IP submodule 1 synthesis files

<your_ip>.sip - NativeLink simulation integration file

<your_ip>_bb.v - Verilog HDL black box EDA synthesis file

<HDL files>

<HDL files>

<your_ip>_tb - IP testbench system 

<your_testbench>_tb.qsys - testbench system file

<your_ip>_tb - IP testbench files

<your_testbench>_tb.csv or .spd - testbench file

sim - IP testbench simulation files

 1. If supported and enabled for your IP core variation.

Table 5: IP Core and Qsys Simulation Generated Files

File Name Description

<my_ip>.qsys The Qsys system or top-level IP variation file.
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File Name Description

<system>.sopcinfo Describes the connections and IP component parameterizations in
your Qsys system. You can parse the contents of this file to get
requirements when you develop software drivers for IP components.

Downstream tools such as the Nios II tool chain use this file.
The .sopcinfo file and the system.h file generated for the Nios II tool
chain include address map information for each slave relative to each
master that accesses the slave. Different masters may have a different
address map to access a particular slave component.

<my_ip>.cmp The VHDL Component Declaration (.cmp) file is a text file that
contains local generic and port definitions that you can use in VHDL
design files.

<my_ip>.html A report that contains connection information, a memory map
showing the slave address with respect to each master that the slave
connects to, and parameter assignments.

<my_ip>_generation.rpt IP or Qsys generation log file. A summary of the messages during IP
generation.

<my_ip>.debuginfo Contains post-generation information. Passes System Console and
Bus Analyzer Toolkit information about the Qsys interconnect. The
Bus Analysis Toolkit uses this file to identify debug components in
the Qsys interconnect.

<my_ip>.qip Contains all the required information about the IP component to
integrate and compile the IP component in the Quartus Prime
software.

<my_ip>.csv Contains information about the upgrade status of the IP component.

<my_ip>.bsf A Block Symbol File (.bsf) representation of the IP variation for use
in Quartus Prime Block Diagram Files (.bdf).

<my_ip>.spd Required input file for ip-make-simscript to generate simulation
scripts for supported simulators. The .spd file contains a list of files
generated for simulation, along with information about memories
that you can initialize.

<my_ip>.ppf The Pin Planner File (.ppf) stores the port and node assignments for
IP components created for use with the Pin Planner.

<my_ip>_bb.v You can use the Verilog blackbox (_bb.v) file as an empty module
declaration for use as a blackbox.

<my_ip>.sip Contains information required for NativeLink simulation of IP
components. You must add the .sip file to your Quartus project to
enable NativeLink for Arria II, Arria V, Cyclone IV, Cyclone V, MAX
10, MAX II, MAX V, Stratix IV, and Stratix V devices. The Quartus
Prime Pro Edition does not support NativeLink simulation.

<my_ip>_inst.v or _inst.vhd HDL example instantiation template. You can copy and paste the
contents of this file into your HDL file to instantiate the IP variation.
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File Name Description

<my_ip>.regmap If the IP contains register information, the Quartus Prime software
generates the .regmap fil. The .regmap file describes the register map
information of master and slave interfaces. This file complements
the .sopcinfo file by providing more detailed register information
about the system. This file enables register display views and user
customizable statistics in System Console.

<my_ip>.svd Allows HPS System Debug tools to view the register maps of
peripherals connected to HPS within a Qsys system.

During synthesis, the Quartus Prime software stores the .svd files for
slave interface visible to the System Console masters in the .sof file in
the debug session. System Console reads this section, which Qsys can
query for register map information. For system slaves, Qsys can
access the registers by name.

<my_ip>.v <my_ip>.vhd HDL files that instantiate each submodule or child IP core for
synthesis or simulation.

mentor/ Contains a ModelSim® script msim_setup.tcl to set up and run a
simulation.

aldec/ Contains a Riviera-PRO script rivierapro_setup.tcl to setup and run a
simulation.

/synopsys/vcs

/synopsys/vcsmx

Contains a shell script vcs_setup.sh to set up and run a VCS®

simulation.

Contains a shell script vcsmx_setup.sh and synopsys_ sim.setup file
to set up and run a VCS MX® simulation.

/cadence Contains a shell script ncsim_setup.sh and other setup files to set up
and run an NCSIM simulation.

/submodules Contains HDL files for the IP core submodule.
<IP submodule>/ For each generated IP submodule directory, Qsys generates /synth

and /sim sub-directories.
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Altera Advanced SEU Detection IP Core Parameters

Parameter
Group

Parameter
Description

Name Legal Value

General

CRC error cache depth 2, 4, 8,16, 32,
64

• Specifies how many non-critical cyclic
redundancy check (CRC) error to ignore.

• Default value is 8.

Largest ASD region ID 1 to 16 • Indicates the largest ASD SEU detection
region ID in your design.

• Configures the width of the regions_report
port.

• Default value is 1.

Sensitivity
Data
Access

Use on-chip sensitivity
processing

ON, OFF • Configures the IP core to use on-chip
sensitivity processing or off-chip sensitivity
processing.

• When enabled, implements an external
memory interface in the IP.

Memory interface
address width

— • Specifies width of the address bus connected
to the external memory interface.

• Default value is 32.

For on-chip sensitivity processing only.

Sensitivity data start
address

— • Specifies the offset added to all addresses the
external memory interface generates.

• Default value is 0x0.

For on-chip sensitivity processing only.

SEU Mitigation on CRAM Array
Critical applications require an SEU recovery strategy. The Quartus Prime software provides SEU
detection, and allows you to design a recovery response to reduce SEU disruption.

Enabling the Advanced SEU Detection Feature in the Quartus Prime Software
To enable the Advanced SEU Detection feature in the Quartus Prime software and generate an .smh, turn
on Generate SEU sensitivity map file (.smh) in the Device and Pin Options dialog box (Assignments >
Device > Device and Pin Options).

Note: You must have a licensed version of Quartus Prime software to generate SMH files.

Hierarchy Tagging
The Quartus Prime hierarchy tagging feature enables customized soft error classification by indicating
design logic susceptible to soft errors. Hierarchy tagging improves design-effective FIT rate by tagging
only the critical logic for device operation. You also define the system recovery procedure based on
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knowledge of logic impaired by SEU. This technique reduces downtime for the FPGA and the system in
which the FPGA resides. The Arria 10, Cyclone V, and Stratix V device families support hierarchy
tagging.The Arria 10 device family supports hierarchy tagging.

The .smh contains a mask for design sensitive bits in a compressed format. The Quartus Prime software
generates the sensitivity mask for the entire design. Hierarchy tagging provides the following benefits:

• Increases system stability by avoiding disruptive recovery procedures for inconsequential errors.
• Allows diverse corrective action for different design logic.

Using Partitions to Specify Logic Sensitivity ID

In the Quartus Prime software, designate a design block as a design partition. Then, assign the partition a
numeric sensitivity value from 0 to 16. The value represents the sensitivity tag associated with the
partition.

• A sensitivity tag of 1 is the same as no assignment, and indicates a basic sensitivity level, which is
"region used in design". If a soft error occurs in this partition, the Altera Advanced SEU Detection IP
core reports the error as a critical error in the sensitivity region 1.

• A sensitivity tag of 0 is reserved, and indicates unused CRAM bits. You can explicitly set a partition to
0 to indicate that the partition is not critical. This setting excludes the partition from sensitivity
mapping.

Note: You can use the same sensitivity tag for multiple design partitions.

Specify the sensitivity ID assigned to the partition in the ASD Region column in the Design Partitions
window.

Figure 11: ASD Region Column in the Design Partitions Window

You can also use the following assignment:

set_global_assignment -name PARTITION_ASD_REGION_ID <asd_id> -section_id 
<partition_name>

Sensitivity Map Header File Lookup
The .smh contains critical bit information about the design. The Quartus Prime software generates
sensitivity data as a standard Intel hex (big-endian) .smh file during .sof generation.
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Programming a Sensitivity Map Header File into a Memory

You can program an .smh into any type of memory. For example, to use CFI flash memory, follow these
steps:

1. Rename the .smh to <file_name>.hex, or convert it to little-endian <file_name>.hex if required.
2. In the Quartus Prime software, click File > Convert Programming Files.
3. In the Convert Programming Files window under Output programming file, select the desired

options.
4. To add hex data, follow these steps:

a. Click Add Hex Data.
b. In the Add Hex Data dialog box, turn on Set start address and enter a start address.
c. In the Hex file box, click browse to select the .hex file, and click OK.

Figure 12: Add Hex Data Dialog Box

5. Click Generate.

Performing a Lookup for SMH Revision 1 (Stratix IV and Arria II Devices)

To perform a lookup into the sensitivity map header data using a bit, byte, and frame number from an
EMR for Stratix IV and Arria II devices:

1. Read the 32 bit frame information string for the frame number:

• Address = <frame_info_base_address> + (frame*4)
• Return value = (frame_info_data_offset, offset_map_array_index)

2. Read the offset map information for a frame. The return value for the offset map information is 16 bits:

• Address = offset_map_base_address + offset array for current frame + offset data value for
current byte and bit

Where:
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• Offset array for current frame = offset_map_array_index * offset_map_length
• Offset data value for current byte and bit = [(byte * 8) + bit] * 2
• Return value = offset_map_value

3. Read the 8 bit sensitivity value:

• Address = sensitivity_data_array_base_address + frame_info_data_offset +
(offset_map_value/8)

• Return value = sensitive_bit_word[7:0]
4. Read the sensitive bit. The offset map value provides the sensitive bit index. A value of 1 indicates a

critical bit, and a value of 0 indicates a non-critical bit.

• Sensitive bit = sensitive_bit_word[bit_index]

Where:

• bit_index = offset_map_value[2:0]

Performing a Lookup for SMH Revision 2 (Arria V, Cyclone V, and Stratix V Devices)
To perform a lookup into the sensitivity map header data using a bit, byte, and frame number from an
EMR for Arria V, Cyclone V, and Stratix V devices:

1. Read the 32 bit frame information string for the frame number:

• Address = <frame_info_base_address> + (frame*4)
• Return value = (frame_info_data_offset, offset_map_array_index)

2. Read the frame's offset map information. The return value is 16 bits.

• Address = offset_map_base_address + offset array for current frame + offset data value for
current byte and bit

Where:

• Offset array for the current frame = offset_map_array_index * offset_map_length
• Offset data value for the current byte and bit = [(byte * 8) + bit] * 2
• Return value = offset_map_value

3. Read the 8 bit sensitivity value:

• Address = sensitivity_data_array_base_address + frame_info_data_offset +
(offset_map_value * sensitivity_data_tag_size / 8)

• Return value = sensitive_bit_word[7:0]
4. Read the sensitivity data tag. The offset map value provides the sensitive bit index. The return value for

the sensitivity tag is sensitivity_data_tag_size bit length. A zero tag indicates that the bit is not
critical for any region; a non-zero tag indicates an offset in the region map.

sensitive_tag = (sensitive_data word >> tag_shift) & tag_mask

Where:

• tag_shift = (offset_map_value * sensitivity_data_tag_size)[2:0]
• tag_mask = (0x1 << sensitivity_data_tag_size) - 1

5. Read the region mask for a non-zero sensitivity tag only. The return value for the region mask is 16
bits.
region_mask = region_map_base_address + (sensitivity_data_tag - 1) * 2
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Performing a Lookup for SMH Revision 3 (Arria 10 Devices)
To perform a lookup into the sensitivity map header data using a bit, byte, and frame number from an
EMR for Arria 10 devices:

1. Read the frame information entry's first 16 bits to obtain the frame number for the index for the offset
map array:

• Address = frame_info_base_address + (frame * 4)
• Return value = offset_map_array_index

2. Read the frame information entry's next 32 bits to obtain the frame number for the frame sensitivity
data offset:

• Address = frame_info_base_address + (frame * 4) + 2
• Return value = frame_info_data_offset

3. Read the frame's offset map information. The return value is 16 bits.

• Address = offset_map_base_address + offset array for current frame + offset data value for
current byte and bit

Where:

• Offset array for the current frame = offset_map_array_index * offset_map_length
• Offset data value for the current byte and bit = [(byte * 8) + bit] * 2
• Return value = offset_map_value

4. Read the 8 bit sensitivity value:

• Address = sensitivity_data_array_base_address + frame_info_data_offset *
sensitivity_data_tag_size + (offset_map_value * sensitivity_data_tag_size / 8)

• Return value = sensitive_bit_word[7:0]
5. Read the sensitivity data tag. The offset map value provides the sensitive bit index. The return value for

the sensitivity tag is sensitivity_data_tag_size bit length. A zero tag indicates that the bit is not
critical for any region; a non-zero tag indicates an offset in the region map.

sensitive_tag = (sensitive_data word >> tag_shift) & tag_mask

Where:

• tag_shift = (offset_map_value * sensitivity_data_tag_size)[2:0]
• tag_mask = (0x1 << sensitivity_data_tag_size) - 1

6. Read the region mask for a non-zero sensitivity tag only. The return value for the region mask is 16
bits.
region_mask = region_map_base_address + (sensitivity_data_tag - 1) * 2

Document Revision History

Table 6: Document Revision History

Date Version Changes

May 2016 2016.05.02 Clarified the frame information array information for revision
1 .smh files.
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Date Version Changes

November 2015 2015.11.02 • Added Arria 10 support information for SMH revision 3
lookups.

• Updated information on SMH revision 2 lookups.
• Updated on-chip and off-chip processing signals.
• Changed Quartus II references to Quartus Prime.

May 2015 2015.05.04 • Added note to possible values for sensitivity_data_tag_
size field.

• Updated largest ASD region ID in the Altera Advanced SEU
Detection IP Core Parameters.

• Updated supported device for performing lookup for
Revision 1 and 2.

• Updated features and device family support by combining
in a table.

• Removed duplicated signals in Off-Chip processing signals
table.

• Updated SMH frame information array description to
reduce redundancies.

June 30 2014 2014.06.30 • Updated supported devices.
• Replaced information about the MegaWizard Plug-in

Manager with the IP Catalog.

December 2012 1.0 Initial release.

ALTADVSEU
2016.05.02 Document Revision History 27

Altera Advanced SEU Detection IP Core User Guide Altera Corporation

Send Feedback

mailto:TechDocFeedback@altera.com?subject=Feedback%20on%20Altera%20Advanced%20SEU%20Detection%20IP%20Core%20User%20Guide%20(ALTADVSEU%202016.05.02)&body=We%20appreciate%20your%20feedback.%20In%20your%20comments,%20also%20specify%20the%20page%20number%20or%20paragraph.%20Thank%20you.

