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IP Facts

Introduction

The Xilinx LogiCORE IP ECC core is ideal for
robust data transmission with error correction
and checking capabilities. The adaptable core
supports Hamming and Hsiao algorithms for
Single Error Correction and Double Error
Detection (SEC-DED) error correction codes
(ECC). The ECC core supports data widths
between 4 and 128 bits and can be used with
internal and external memories and with high
speed Multi Gigabit transceivers.

Features

« Supports Single Bit Error correction and
double bit error detection functions

« Supports hamming algorithm for 4 to 64
data widths

« Supports Hsiao algorithm for 4 to 128 data
widths

« Supports encode only, decode only and
encode/decode modes

« Supports clock enable and synchronous
active high reset

« Provides option to add input/output
registering stages

« Provides optional internal pipelining stage
for high frequency operations

« Supports dynamically enabling or disabling
error correction function

« Provides Single Bit Error corrected and two
bit error detected status outputs

LogiCORE IP Facts Table

Core Specifics

Supported

Device Family(® Virtex®-7, Kintex™-7, Artix™-7
Vi ily

Supported User

Interfaces Native
Resources See Table 2-3 and Table 2-4.
Provided with Core
Design Files Encrypted RTL

Example Design Not Provided

Test Bench Not Provided

Constraints File Not Provided

Simulation .
Model Not Provided
Supported

N/A
S/W Driver /

Tested Design Flows(2)

Design Entry Vivado Design Suite v2012.3

Simulation Mentor Graphics ModelSim

Synthesis Vivado Synthesis

Support

Provided by Xilinx @ www.xilinx.com/support

Notes:

1. For a complete listing of supported devices, see the release
notes for this core.

2. For the supported versions of the tools, see the Xilinx Design
Tools: Release Notes Guide.

ECCvl.1
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Chapter 1

Overview

Single Error Correction and Double Error Detection (SEC-DED) error correction codes (ECC)
are used to increase reliability against soft errors from random noise. As technology has
scaled, the decreasing supply voltages and increasing interface speeds has resulted in
reduced noise margins. This margin reduction increases the probability of soft errors
introduced in both on-chip and off-chip FPGA components. For FPGA internal memory and
external memories, error correction codes are needed to reduce radiation induced soft
errors or single event upsets (SEU). For maintaining signal integrity, high-speed off-chip
interfaces such as multi-gigabit transceivers also require increased protection against bit
errors introduced due to the clock jitter or random noise. The ECC core increases system
reliability under these random error conditions by detecting and correcting all single-bit
errors. In addition, it detects double-bit errors in the data.

Feature Summary

This section summarizes the functionality of the all three ECC functions: encoder, decoder,
encoder/decoder.

ECC Encoder

The ECC encoder operation calculates check (or protection) bits for the input data. For each
4 to 128 bits of data input, it generates between 4 and 9 check bits. These bits are used
during each ECC decoder operation to correct any single-bit errors, or to detect any
double-bit errors. The data along with the calculated check bits are provided as an output
of ECC encoder function, as shown in Figure 1-1. The data and check bits output of the ECC
encoder is called an ECC codeword. For more details on the number of check bits required
for the configured data width, see GUI in Chapter 4.

ECCvl.1 www.xilinx.com 5
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ecc_data_in R i i S ecc_data_out
i FF i : : i FF
| I— | | | | Ip— |
| | F=—n ecc_chkbits_out
ecc_clk : : : - :
ecc_clken : : L_—2a
ecc_reset : :
! Check Bits Calculation ! -

Figure 1-1: ECC Encoder Block Diagram

ECC Decoder

The ECC decoder operation generates error correction syndrome bits for the input data and
check bits. These syndrome bits are used to correct any single-bit errors, or to detect (but
not correct) any double-bit errors in the input data. The single bit error corrected data,
along with the ecc_sbi t _err status or the uncorrected data with ecc_dbi t _err status,
are provided as an output of the ECC decoder function, as shown in Figure 1-2. If no errors
are detected, input data is forwarded at the output, and both ecc_sbit _err and
ecc_dbi t _err status outputs are kept de-asserted.

The ECC decoder operations can also be bypassed by asserting the ecc_correct _n input.
When the operations are bypassed, the input data is forwarded at the output, and both
ecc_shit_err and ecc_dbit _err status outputs are kept deasserted. The ECC bypass
function can be applied when error protection/correction is not required for portions of
data or payload provided to the ECC core.

ecc_clk | Syndrome Error Mask !
K : Calculation Generation :
ecc_cken | ot | ecc_sbhit_err
ecc reset | | r—n ecc_dbit_err
- | I| LuT Il } | == f
| 1 | | |
| | | t—3
| ! |
ecc_chkbits_in r=—1 : LuT :
[}
PP |
. Single Bit |
ecc_data_in r——a | r—— Correction Il =1 ecc_data_out
T — | o H | e | [ o |—4—»| [ E——
FF FF ¥oR FF
L L L by
L——d | — | L—a
ecc_correct_n L ! |
| FF o i i |
| Ip— | I e I X13070
Figure 1-2: ECC Decoder Block Diagram
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ECC Encoder/Decoder

The ECC encoder/decoder combines both encoder and decoder operations in a single
module and is most suited for applications requiring either encoding or decoding but not
both at the same time. The ECC encoder/decoder function provides an additional
ecc_encode input. When this input is asserted, ECC encoder operations are performed on
the input data. When ecc_encode input is not asserted, ECC decoder operations are
performed on input codeword (data and check bits). When ecc_correct _n inputis
asserted during ECC decoder operation, the decoding operation is bypassed and input data
is forwarded at the output with error status outputs kept deasserted.

The ECC encoder/decoder function provides an optimized solution for Single Port Memory
operations or for extending ECC function over byte enabled data with an external
read-modify-write operation.

ecc_correct_n I
]
—————l FF |
ecc_clk o
I r—=—1
ecc_clken 1 i Fr : ecc_chkbits_out
—_—
L | >
ecc_reset _Ir-—-n_,\
-_ |
FF
r—=—1 l l
| F— )
ecc_encode (== - - ecc_data_out
L Jl-f“ —  Single Bit _,"“'i_—,
ecc data in :—33-: Correction : FF
T Fp ! L——a i
; ecc_sbit_err
. Check Bits / ecc_dbit_err
ecc_chkbits_in ——n Syndrome | -1 = _dbit_
— = - || Calculations | Error Mask | e ]
FF FF .
. I Generation I
) | Ep——| ==
X13071

Figure 1-3: ECC Encoder/Decoder Block Diagram

ECC Clock Enable and Registering Options

The ECC core supports multiple registering options. These options include input
registering, output registering and an optional internal pipeline registering stage. Each
registering stage can be independently enabled. The internal pipeline registering stage
breaks the computation logic into two parts and can be used for higher data widths for
frequency optimization. In addition, the clock enable can be used to save power. When one
or more registering stages are enabled and when clock enable is used, the ECC core
pipelines the data with respect to the clock enable.

ECCvl.1 www.xilinx.com 7
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Applications

Figure 1-4 shows an example of the ECC Encoder and ECC Decoder use case. In this use
case, ECC Encoder and ECC Decoder functions are used along with Internal Memories for
single bit error correction function. The error correction function here increases reliability
against radiation induced soft errors or Single Event upsets [SEU].

Write Address Read Address
. Write Data Memory Memory Read Data Read Data
Write Data ECC Write Port | Read Port ECC
Encoder | check bits Check bits Decoder | giror Status
X13072
Figure 1-4: ECC Encoder and ECC Decoder Application Example

In Figure 1-5, ECC Encoder/Decoder function is used with the off chip DDR memory. The
write operations to the memory are considered to be performed using data byte enables or
data strobes. ECC functions inherently do not support byte enables, to perform data writes
with byte enables a read-modify-write operation is used here.

\

|
\
\ DRAM Read Data + }
} Write Data Read- [|Write Data Check Bits |
‘ Modi l i Address |

odify-

| Write Strobes|  \rite ecc_encode }
} Engine ; / }

|
|
| Control |
\ f

\
} ECC . Memory } DIMM
! Encoder/ | Data + Checkbits / | Controller ‘
} Decoder | Data + Error Status Strobe |
| RMW]| Valid \
| Read Data + }
| Error Status A Data+ |
‘ CheckBits |
| Data_Valid |

\
|

|
} Read Valid / Write Valid / Address }
|

X13073

Figure 1-5: ECC Encoder/Decoder Application Example

For DDR memory writes, first a read is performed to the memory. The codeword received
from DDR memory is checked for single bit errors and then the corrected data is provided
to read-modify-write operation. The output of read-modify-write operation is again
provided to ECC core to generate the write codeword to the DDR Memory. For DDR memory

ECCvl.1
PG092 October 16, 2012
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reads, the codeword read from DDR Memory is checked for single bit errors by the ECC
function. The corrected data along with error status is then provided at the user interface.
A single instance of ECC encoder/decoder function is used here for both reads from the
DDR memory to perform Read-Modify-Write to the DDR memory.

Note: The ECC functions supported are suited for applications requiring random bit error
conditions and are not suited for applications requiring burst error detection or correction.
For more than 2-bits in error, the supported ECC function does not guarantee a robust error
detection operation and may even result in an incorrect single bit error correction
operation.

Licensing and Ordering Information

This Xilinx LogiCORE IP module is provided at no additional cost with the Xilinx Vivado
Design Suite under the terms of the Xilinx End User License. Information about this and
other Xilinx LogiCORE IP modules is available at the Xilinx Intellectual Property page. For
information about pricing and availability of other Xilinx LogiCORE IP modules and tools,
contact your local Xilinx sales representative.

ECCvl.1 www.xilinx.com 9
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Product Specification

The Xilinx LogiCORE IP ECC core is ideal for robust data transmission with error correction
and checking capabilities. The adaptable core supports Hamming and Hsiao algorithms for
Single Error Correction and Double Error Detection (SEC-DED) error correction codes (ECC).

ecc_data_out

\

ecc_data_in Check Bit
" | Generator

ecc_chkbits_out

\J

ECC Encoder

ecc_correct_n
- — > Error Mask » ecc_data_out
| Generation / . bit err
ecc_data_in Check Bit Single Bit > ecc_sbit_e
> Generator g e » Correction
ecc_chkbits_in Generator = ecc_dbit_err
ECC Decoder
ecc_correct n > Error Mask » ecc_data_out
data i | Generation / o bit
ecc_oata_in _| CheckBit | Single Bit ece_sor_erm
" | Generator " | Syndrome > Correction i
ecc_chkbits_in > ecc_dbit_err
»| Generator 1
an » ecc_chkbits_out
ecc_encode A
when encode: generate check bits when encode: disable correction
when decode: generate syndrome when decode: allow correction
ECC Encoder /Decoder X13007

Figure 2-1: ECC Block Diagram

Performance

This section details the performance information for various core configurations.

ECCvl.1 www.xilinx.com 10
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Maximum Frequencies

Chapter 2: Product Specification

Table 2-1 and Table 2-2 show the performance numbers for the ECC core for the Kintex™-7

family and -1 speed grade of FPGAs. Benchmark values have been generated using the
Xilinx® Vivado™ Design Suite for version 2012.3. In the benchmark designs, the core is
encased in a wrapper with input and output registers to remove the effects of I/O delays

from the results.

Table 2-1: Frequency Table for Hamming Algorithm
Features Frequency

Wideh Mode eegistoring | Prpeiine MHz
32-bit Encoder 1 0 550
Decoder 1 0 350

Encoder/Decoder 1 0 325

Encoder 1 1 550

Decoder 1 1 500

Encoder/Decoder 1 1 475

64-bit Encoder 1 0 500
Decoder 1 0 290

Encoder/Decoder 1 0 270

Encoder 1 1 500

Decoder 1 1 440

Encoder/Decoder 1 1 420

Table 2-2: Frequency Table for Hsiao Algorithm
Features Frequency

Width Mode eegistoring | Prpeiine MHz
64-bit Encoder 1 0 500
Decoder 1 0 320

Encoder/Decoder 1 0 270

Encoder 1 1 500

Decoder 1 1 480

Encoder/Decoder 1 1 440

ECCv1l.1 www.xilinx.com 11
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Table 2-2: Frequency Table for Hsiao Algorithm (Cont’d)

Features Frequency

Data Input / Output Internal
Width Mode Registering Pipeline MH:
128-bit Encoder 1 0 425
Decoder 1 0 250
Encoder/Decoder 1 0 210
Encoder 1 1 425
Decoder 1 1 400
Encoder/Decoder 1 1 360

Latency

ECC core supports Input Registering, Output Registering and Internal Pipeline Registering
options. Each of these registering stages can be independently enabled during core
generation. The clock cycle latency of the core equals the number of registering stages
selected for the core. There is no clock cycle latency in case none of the registering stages
are selected; in this case the core latency is determined by logical delay of the core. For
more details on ECC Core delays, see Maximum Frequencies.

When Clock Enable is used with the registering stages, ECC core operations are
synchronous to both ECC clock and ECC Clock Enable. In this case, clock cycle latency of the
core equals the number registering stages only when both clock and clock enable are
asserted.

Figure 2-2 provides timing diagram for ECC Encoder function with a single stage of
registering. With the clock-enable signal set to high, the calculated check bits and data
appear here at the next rising edge of the clock. The clock enable feature when enabled
allows to control when encoded data should appear on the output port.

I
ecc_clk : | | | | | | | | | | | | | | | | | | | |
I I \ [ \ \ I I I I I I I I I
ecc_reset | | ~ | | | | | | | | | | | | | |
| | I I I I I ! ! ! ! ! !
I I I T T T T I I I I I T T T T
ecc_clken | | | I I I I I | | | | | | | |
N I | | I | \ - - - / | | | |
ecc_data_in[15:0] : X 5A5A X FFFF XABCD X ECCBX \ % XECCDX ECCEX 5555 X A5A5 X 1234
I
ecc_data_out[15:0] | 0000 5A5A | FFFF | ABCD ECCB ECCD | ECCE | 5555 | A5AE
) 1 X 1 X 1 X Il X L L 1 1 1 1 X ! X 1 X ! X
ecc_chkbits_out[5:0] : 00 X 33 X 3C X 23 X 14 X 12 X 1E X 06 X 03
I I I | | | | I I I I I I I I I
Core latency with  ECC Encoding outputs Disable Encoding ECC Encoding outputs
1-stage registering
Figure 2-2: ECC Encoder Timing Diagram
ECCv1l.1 www.xilinx.com 12
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Figure 2-3 provides timing diagram for ECC Decoder function with two stages of
registering. The data corrected for any single bit error and status outputs here appears after
two rising edges of the clock. The clock enable feature here is used to perform each ECC
operation in two clock cycles.

ecc_clk ! 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

I

I

I

I
ecc_reset | I

I I

I

I
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|
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ecc_correct_n |

—
H -4 -——}F -
~
T
-
—
H>» H—-— -4+ -} ——
@
o
o
——
m
Q
(@]
O
—
m
Q
Q
(@]
——
———
m
Q
o
lw]
——
(o))
(9]
a
(5]

ecc_data_in[15:0] : X 5A5A
|, L L L L L L L L L 11 1 1 1
cc_chkbits_in[5:0] | | o ) s f = f o f o | = ) o
I L L L L L L L L L L L L L L L
cc_data_out[15:0] : 0000 X 5A5A X FFFF X ABCD X ECCD X ECCC X
| ] ] | | | | | | | | | | |
ecc shit err ! I | | | | | | ’ | | \ | | | | | |
- - | | | | | | | | | | | | | | 1 I
| I | | | | | | | | | | | |
ecc_dbit_err | | | | | | | | | | | | ’ | | \ | |
- - ! ! ! ! ! ! ! ! ! ! ! ! | |
Core latency with 2-stage ECC Decoding outputs Disable
registering Decoding

Figure 2-3: ECC Decoder Timing Diagram

Figure 2-4 provides timing diagram for ECC Encoder/Decoder function with three stages of
registering. When ecc_encode input is asserted, ECC Encoder operations are performed
on the input data and the calculated check bits and data appear after three rising edges of
the clock. When ecc_encode input is not asserted ECC Decoder operations are performed
on input data and check bits, the data corrected for any single bit error and status outputs
appears here after three rising edge of the clock.

ECCvl.1 www.xilinx.com 13
PG092 October 16, 2012



http://www.xilinx.com

& XILINX. Chapter 2: Product Specification
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ecc_sbhit_err |
| I
I
T
Core latency with ECC Encoding outputs Disable ECC Decoding outputs
3-stage registering Decoding

|
ecc_dbit_err |

Figure 2-4: ECC Encoder/Decoder Timing Diagram

Resource Utilization

Table 2-3 and Table 2-4 show the resource utilization numbers for the ECC core for the
Kintex™-7 family and -1 speed grade of FPGAs. Benchmark values have been generated
using the Xilinx Vivado Design Suite for version 2012.3.

Table 2-3: Resource Utilization for Hamming Algorithm

Features Resources
Data Input Output Internal .
Width Mode Registering | Registering | Pipeline Slices | LUTs FFs
32- bit Encoder 0 0 0 9 28 0
Decoder 0 0 0 24 83 0
Encoder/Decoder 0 0 0 30 101 0
Encoder 1 0 0 14 28 32
Decoder 0 1 1 28 87 82
Encoder/Decoder 1 1 1 37 100 131
ECCvl.1 www.xilinx.com 14
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Table 2-3: Resource Utilization for Hamming Algorithm (Cont’d)
Features Resources
V?I?;at‘h Mode Regl?sFt,::ing Re(;?sttzl:itng Ilil;‘itrglri]:L Slices | LUTs FFs
64-bit Encoder 0 0 0 18 53 0
Decoder 0 0 0 43 155 0
Encoder/Decoder 0 0 0 49 169 0
Encoder 1 0 0 34 53 64
Decoder 0 1 1 54 164 148
Encoder/Decoder 1 1 1 83 180 231
Table 2-4: Resource Utilization for Hsiao Algorithm
Features Resources
\II\)I?(ti:h Mode Regl,?sr’:::ing Re:?sttzl:itng I:itpee"lri‘:tle Slices | LUTs FFs
64- bit Encoder 0 0 0 14 47 0
Decoder 0 0 0 47 164 0
Encoder/Decoder 0 0 0 53 184 0
Encoder 1 0 0 33 47 64
Decoder 0 1 1 65 171 139
Encoder/Decoder 1 1 1 83 172 223
128-bit Encoder 0 0 0 29 100 0
Decoder 0 0 0 88 299 0
Encoder/Decoder 0 0 0 93 313 0
Encoder 1 0 0 71 102 128
Decoder 0 1 1 119 292 268
Encoder/Decoder 1 1 1 226 293 416
Port Descriptions
Table 2-5 details the ECC core global signals.
www.xilinx.com 15
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Name

Direction

Description

ecc_clk

Input

ECC Clock: Applicable when one or more registering stages are
enabled for the core. ECC core operations are synchronous to
ecc_clk signal

ecc_clken

Input

ECC Clock Enable: Applicable when one or more registering stages
are enabled for the core. When ecc_clken is used, ECC core
operations are synchronous to ecc_clk clock and ecc_clken.

ecc_reset

Input

ECC Reset:
enabled for the core. This signal is synchronous and
active-High.

Applicable when one or more registering stages are

Table 2-6 details the ECC core signals.

Table 2-6: ECC Core Signals

Name

Direction

Description

ecc_data_in[C_DATA_WIDTH -1:0]

Input

Data Input: For generating check bits or protection
bits. The valid range for input data width is from 4
to 128 bits

ecc_data_out[C_DATA_WIDTH -1-1:0]

Output

Data Output: The valid range for output data width is

from 4 to 128 bits.

* Encoder Mode: Data Output with the
associated check bits after encoding operation.

« Decoder Mode: Data Output after decoding
operations, corrected for any single bit errors

» Encoder/Decoder Mode: When ecc_encode is
asserted, provides Data Output with the
associated check bits. When ecc_encode is
de-asserted, provides Data Output, corrected
for any single bit errors

ecc_chkbits_in[C_CHK_BIT_WIDTH -1:0]

Input

Input Check Bits: Applicable for decoder and
encoder/decoder modes of operation. The valid
range for check bit width is from 4 to 9 bits. See
Table 4-1 for minimum number of check bits
required for the configured data width.

+ Decoder Mode: Input check bits for error
analysis over the associated data

* Encoder/Decoder Mode: Ignored when
ecc_encode is asserted. When ecc_encode is
de-asserted, input check bits for error analysis
over the associated data

ECCvl.1
PG092 October 16, 2012
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Table 2-6: ECC Core Signals (Cont’d)

Name Direction Description

ecc_chkbits_out[C_CHK_BIT_WIDTH-1:0] | Output | Output Check Bits/Syndrome (Encoder and
Encoder/Decoder modes only): The valid range for
check bit width is from 4 to 9 bits. See Table 4-1
for minimum number of check bits required for
the configured data width.

» Encoder Mode: Provides calculated check bits.

+ Encoder/Decoder Mode: When ecc_encode is
asserted, provides calculated check bits. When
ecc_encode is de-asserted, provides calculated
syndrome.

ecc_correct_n Input | Disable Error Correction: Applicable for decoder

and encoder/decoder mode of operation. When

asserted, suppresses single bit error correction in
the data.

+ Decoder Mode: When asserted, input data is
forwarded at the output, and both ecc_sbit_err
and ecc_dbit_err status outputs are kept
deasserted.

» Encoder/Decoder Mode: Ignored when
ecc_encode is asserted.

When ecc_encode is de-asserted and

ecc_correct_n is asserted, input data is forwarded

at the output, and both ecc_sbit_err and

ecc_dbit_err status outputs are kept deasserted

ecc_sbit_err Output | Single-Bit Error: Applicable for decoder and
encoder/decoder modes of operation. When
asserted, flags the presence of a single-bit error in
data which has been auto-corrected during ECC
decoder operations.

ecc_dbit_err Output | Double-Bit Error: Applicable for decoder and
encoder/decoder modes of operation. When
asserted, flags the presence of a double-bit error
in data. Double-bit errors cannot be
auto-corrected during ECC decoder operations.

ecc_encode Input | Encoder Enable: Applicable for only encoder/
decoder mode of operation. When asserted, the
core performs encoding operations. When
ecc_encode is de-asserted, the core performs
decoding and/or error correction operations.

ECCvl.1 www.xilinx.com 17
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Designing with the Core

This chapter includes guidelines and additional information to facilitate designing with the
core.

General Design Guidelines

The customizable ECC core provides multiple registering options to the user. Users can
determine the frequency at which the core needs to be operated. Based on the required
frequency, select the appropriate pipeline or input/output registering option. Each
registering stage will impact the latency of the core by one clock cycle.

The clock enable functionality can be used when one or more registering stages are
enabled for the core. The clock enable function allows the core to perform operations only
when both clock and clock enable are asserted. Based on the synchronous elements gated
by a common clock enable in the design, the ECC core can also be constrained with the
clock enable period instead of applied clock period.

Clocking

The ECC core has a single clock (ecc_cl k) input and is used only when one or more
registering stages are enabled for the design.

Resets

The ECC core supports an active-High synchronous reset (ecc_r eset ) input. The reset
input is applicable only when one or more registering stages are enabled for the design.
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Chapter 4

Customizing and Generating the Core

This chapter includes information about using Xilinx tools to customize and generate the
core in the Vivado™ Design Suite environment.

GUI

Figure 4-1 shows the customization GUI for the ECC core.

6 Customize ECC (1.1} by specifying IP | L
© Options.
IP Opticns
ECC
[¥] Shew Disabled Ports
o Componant Mame [ecc vl 1 0 |
Implementation Options A
Algorithms Options ‘Hammmg E”
ECC Mode ‘Encoder Eﬂ
Data width |84 | Range: 4...64
ecc vl 10
Ik Calculated Syndrome Width [B |
eeeeeee t
ecc_data_out[63:0] N N N
ecc_chkbits_outf7:0) Pipelining Options &
[ Enable Input Registering
acc_data_inl63:0]
[ Enable Pipeline Registering
Ees [ Enable Output Registering
MEE ' |
Show Advanced Options
0K | Cancel

Figure 4-1: ECC Customization GUI

« Algorithm Option: Selects Hamming or Hsiao algorithms for ECC operations. The

ECCvl.1

algorithm selected must be the same for encoder and decoder cores for ECC encoding
and subsequent decoding operations.

ECC Mode: Selects Encoder, Decoder or Encoder/Decoder operations of the ECC core.
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« Data Width: Configures the width of data in bits for ECC operations. The valid range for
data width is between 4 and 128 bits. Table 4-1 provides the minimum number of check
bits required for the configured data width in bits.

Table 4-1: Minimum Check Bits Utilization

Data Width (Bits) Minimum Check Bits
4 4
5-11 5
12-26 6
27-57 7
58-120 8
121-128 9

« Enable Input Registering: When selected, the ECC core registers all of its inputs.

« Enable Pipeline Registering: When selected, the ECC core inserts an internal pipeline
register stage to the core.

« Enable Output Registering: When selected, the ECC core registers all of its outputs.

Output Generation

The output files generated from the Xilinx Vivado Design Suite are placed in the
<project_directory> top-level directory. Depending on the settings, the file output list may
include some or all of the following files:

) <project_directory>/<project_name.data>
Contains constraints and file set details.

) <project directory>/<project_name>.src/sources_1/ip/<component name>
Contains constraints and file set details.

) <component name>/synth
Core release notes readme file

The ECC IP core directories and their associated files are defined in the following sections.
<project directory>/<project_name>.src/sources_1/ip/
<component name>

This directory contains templates for instantiation of the core, example design, synth, XML
and the XCI files.
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Table 4-2: Component Name Directory

Name Description
<component name>.[veo|vho] VHDL or Verilog instantiation template.
<component name>.xci Log file from Vivado Design Suite describing which options were

used to generate the ECC core. An XCI file can also be used as an
input to the Vivado Design Suite.

<component name>/synth

The synth directory contains the ECC synthesis file.

Table 4-3: Synth Directory

Name Description

<component name>.[v|vhd] Top level component wrapper file from the Vivado Design Suite
used to synthesize the ECC core.

XCI Parameters

Table 4-4 shows parameters that can be used to run the TCL command mode.

Table 4-4: XCl Parameters

Generic Name Type Range Default Description
C_FAMILY String Virtex7, Kintex7 Carries the family information
Kintex7, Artix7
C_COMPONENT_NAME | String atoz,0to9, ecc_ 1.1 Base name of the output files
and "_". generated for this core. The name
must begin with a letter and be
composed of the following
characters:atoz, 0to 9, and “_".
C_ECC_TYPE String Hamming, Hamming | Determines ECC Algorithm.
HSIAO + 0: Hamming Algorithm
» 1: Hsiao Algorithm
C_ECC_MODE String Encoder, Encoder | Determines ECC Mode of operation.
Decoder, « Encoder
Encoder/ « Decoder
Decoder « Encoder/Decoder
C_DATA_WIDTH Integer | 4-128 64 Data width in bits. The valid range for
data width is from 4 to 128 bits
C_CHK_BIT_WIDTH Integer | 4-9 8 Check bit width in bits. The valid
range for check bit width is from 4 to
9 bits. See Table 4-1 for minimum
number of check bits required for the
configured data width.
ECCv1l.1 www.xilinx.com 21
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Table 4-4: XCl Parameters (Cont’d)

Generic Name Type Range Default Description

C_REG_INPUT Boolean | True, False False When set to true, inserts input
registering stage.

C_REG_OUTPUT Boolean | True, False False When set to true, inserts internal
pipeline registering stage.

C_PIPELINE Boolean | True, False False When set to true, inserts output
registering stage.
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Chapter 5

Constraining the Core

This chapter contains information about constraining the core in the Vivado™ Design Suite
environment.

Required Constraints

The ECC core constraints can be applied from the top-level constraints file. Clock constraint
can be applied when one or more registering stages are selected for the core. Max delay
constraint can be applied in case none of the registering stages are selected for the core.

Device, Package, and Speed Grade Selections

See IP Facts for details about support devices.

Clock Frequencies

There are no clock frequency constraints for this core.

Clock Management

There are no additional clock management constraints for this core.

Clock Placement

There are no additional clock placement constraints for this core.
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Banking

There are no banking constraints for this core.

Transceiver Placement

There are no transceiver constraints for this core.

1/0 Standard and Placement

There are no I/O constraints for this core.

ECCvl.1 www.xilinx.com
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Appendix A

Verification, Compliance, and
Interoperability

This appendix includes information about how the IP was tested for compliance with the
protocol to which it was designed.

Simulation

The ECC core has been tested with Xilinx® Vivado™ Design Suite for version 2012.3 and
Mentor Graphics ModelSim simulator.

Hardware Testing

The ECC core has been validated at 200 MHz on KC705 board using Kintex-7 FPGA -2 speed
grade device (325T). The core was configured for encoder, decoder, encoder/decoder
modes across 4-128 data widths.
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Appendix B

Additional Resources

This appendix contains additional resources for the ECC core.

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx Support website at:

www.xilinx.com/support.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm.

References

These documents provide supplemental material useful with this product guide:
1. R.W. Hamming. 1950. "Error Detecting and Error Correcting Codes," Bell System
Technical Journal.

2. M.Y. Hsiao. 1970. "A Class of Optimal Minimum Odd-weight-column SEC-DED Codes,"
IBM Journal of Research and Development.

3. Vivado™ Design Suite user documentation (www.xilinx.com/cgi-bin/docs/
rdoc?v=2012.3;t=vivado+docs)

Technical Support

Xilinx provides technical support at www.xilinx.com/support for this LogiCORE™ IP product
when used as described in the product documentation. Xilinx cannot guarantee timing,
functionality, or support of product if implemented in devices that are not defined in the
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documentation, if customized beyond that allowed in the product documentation, or if
changes are made to any section of the design labeled DO NOT MODIFY.

See the IP Release Notes Guide (XTP025) for more information on this core. For each core,
there is a master Answer Record that contains the Release Notes and Known Issues list for
the core being used. The following information is listed for each version of the core:

* New Features
« Resolved Issues

e  Known Issues

Revision History

The following table shows the revision history for this document.

Date Version Revision
10/16/2012 1.0 Initial Xilinx release.

Notice of Disclaimer

The information disclosed to you hereunder (the "Materials”) is provided solely for the selection and use of Xilinx products. To the
maximum extent permitted by applicable law: (1) Materials are made available "AS IS” and with all faults, Xilinx hereby DISCLAIMS
ALL WARRANTIES AND CONDITIONS, EXPRESS, IMPLIED, OR STATUTORY, INCLUDING BUT NOT LIMITED TO WARRANTIES OF
MERCHANTABILITY, NON-INFRINGEMENT, OR FITNESS FOR ANY PARTICULAR PURPOSE; and (2) Xilinx shall not be liable (whether
in contract or tort, including negligence, or under any other theory of liability) for any loss or damage of any kind or nature related
to, arising under, or in connection with, the Materials (including your use of the Materials), including for any direct, indirect,
special, incidental, or consequential loss or damage (including loss of data, profits, goodwill, or any type of loss or damage
suffered as a result of any action brought by a third party) even if such damage or loss was reasonably foreseeable or Xilinx had
been advised of the possibility of the same. Xilinx assumes no obligation to correct any errors contained in the Materials or to
notify you of updates to the Materials or to product specifications. You may not reproduce, modify, distribute, or publicly display
the Materials without prior written consent. Certain products are subject to the terms and conditions of the Limited Warranties
which can be viewed at http://www.xilinx.com/warranty.htm; IP cores may be subject to warranty and support terms contained in
a license issued to you by Xilinx. Xilinx products are not designed or intended to be fail-safe or for use in any application requiring
fail-safe performance; you assume sole risk and liability for use of Xilinx products in Critical Applications: http://www.xilinx.com/
warranty.htm#critapps.

© Copyright 2012 Xilinx, Inc. Xilinx, the Xilinx logo, Artix, ISE, Kintex, Spartan, Virtex, Vivado, Zyng, and other designated brands
included herein are trademarks of Xilinx in the United States and other countries. All other trademarks are the property of their
respective owners.

ECCvl.1 www.xilinx.com 27
PG092 October 16, 2012



http://www.xilinx.com/support/documentation/ip_documentation/xtp025.pdf
http://www.xilinx.com
http://www.xilinx.com/warranty.htm
http://www.xilinx.com/warranty.htm#critapps
http://www.xilinx.com/warranty.htm#critapps

	LogiCORE IP ECC v1.1
	Table of Contents
	IP Facts
	Overview
	Feature Summary
	ECC Encoder
	ECC Decoder
	ECC Encoder/Decoder
	ECC Clock Enable and Registering Options

	Applications
	Licensing and Ordering Information

	Product Specification
	Performance
	Maximum Frequencies
	Latency

	Resource Utilization
	Port Descriptions

	Designing with the Core
	General Design Guidelines
	Clocking
	Resets

	Customizing and Generating the Core
	GUI
	Output Generation
	<project directory>/<project_name>.src/sources_1/ip/ <component name>
	<component name>/synth

	XCI Parameters

	Constraining the Core
	Required Constraints
	Device, Package, and Speed Grade Selections
	Clock Frequencies
	Clock Management
	Clock Placement
	Banking
	Transceiver Placement
	I/O Standard and Placement

	Verification, Compliance, and Interoperability
	Simulation
	Hardware Testing

	Additional Resources
	Xilinx Resources
	References
	Technical Support
	Revision History
	Notice of Disclaimer




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


