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Chapter 1

Introduction

Overview
This HDL guide is part of the Vivado® Design Suite documentation collection.
This guide contains the following:

¢ Introduction
e Descriptions of each available macro
e Alist of design elements supported in this architecture, organized by functional categories

e Descriptions of each available primitive

About Design Elements

This version of the Libraries Guide describes the valid design elements for 7 series architectures
including Zyng®, and includes examples of instantiation code for each element. Instantiation
templates are also supplied in a separate ZIP file, which you can find on www.xilinx.com linked to
this file or within the Language Templates in the Vivado® Design Suite.

Design elements are divided into the following main categories:

e Macros : These elements are in the UniMacro library and the Xilinx Parameterized Macro
library in the tool, and are used to instantiate elements that are complex to instantiate by just
using the primitives. The synthesis tools will automatically expand these macros to their
underlying primitives.

¢ Primitives: Xilinx components that are native to the architecture you are targeting.

Design Entry Methods

For each design element in this guide, Xilinx evaluates the options for using the design element,
and recommends what we believe is the best solution for you. The options are:

¢ Instantiation: This component can be instantiated directly into the design. This method is

useful if you want to control the exact use, implementation, or placement of the individual
blocks.
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¢ Inference: This component can be inferred by most supported synthesis tools. You should use
this method if you want to have complete flexibility and portability of the code to multiple
architectures. Inference also gives the tools the ability to optimize for performance, area, or
power, as specified by the user to the synthesis tool.

o |P Catalog: This component can be instantiated from the IP Catalog. The IP Catalog maintains
a library of IP Cores assembled from multiple primitives to form more complex functions, as
well as interfaces to help in instantiation of the more complex primitives. References here to
the IP Catalog generally refer to the latter, where you use the IP catalogt o assist in the use
and integration of certain primitives into your design.

e Macro Support: This component has a UniMacro that can be used. These components are in
the UniMacro library in the Xilinx tool, and are used to instantiate primitives that are too
complex to instantiate by just using the primitives. The synthesis tools will automatically
expand UniMacros to their underlying primitives.

Navigating Content by Design Process

Xilinx® documentation is organized around a set of standard design processes to help you find
relevant content for your current development task. All Versal® ACAP design process Design
Hubs can be found on the Xilinx.com website. This document covers the following design
processes:

e Hardware, IP, and Platform Development: Creating the PL IP blocks for the hardware
platform, creating PL kernels, functional simulation, and evaluating the Vivado® timing,
resource use, and power closure. Also involves developing the hardware platform for system
integration.
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Chapter 2

Xilinx Parameterized Macros

About Xilinx Parameterized Macros

This section describes Xilinx® Parameterized Macros that can be used with 7 series FPGAs and
Zyng®-7000 All Programmable SoC devices. The macros are organized alphabetically.

The following information is provided for each macro, where applicable:

e Name and description

e Schematic symbol

¢ Introduction

e Logic diagram (if any)

e Port descriptions

e Design Entry Method

¢ Available attributes

e Example instantiation templates
e Links to additional information

Enabling Xilinx Parameterized Macros
The following instructions describe how to prepare Vivado to use the XPM libraries.

1. Ensure Vivado can identify the XPMs.

¢ When using the IDE and/or the project flow, the tools will parse the files added to the
project and setup Vivado to recognize the XPMs.

¢ When using the non-project flow, you must issue the auto_detect_xpm command.
2. Select the XPM template that you wish to use from below.
3. Copy the contents of the template and paste into your own source file.

4. Set parameters/generics, and wire ports according to the documentation provided as code
comments.

Note: Be sure to read and comply with all code comments to properly use the XPMs.

Testbench

A testbench for XPM CDC macros is available in the XPM CDC Testbench File.
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A testbench for XPM FIFO macros is available in the XPM FIFO Testbench File.

Instantiation Templates

Chapter 2: Xilinx Parameterized Macros

Instantiation templates for Xilinx Parameterized Macros are also available in Vivado, as well as in
a downloadable ZIP file. Because PDF includes headers and footers if you copy text that spans
pages, you should copy templates from Vivado or the downloaded ZIP file whenever possible.

Instantiation templates can be found on the Web in the Instantiation Templates for Xilinx

Parameterizable Macros file.

List of Xilinx Parameterized Macros

Design Element

Description

XPM_CDC_ARRAY_SINGLE

Parameterized Macro:

Single-bit Array Synchronizer

XPM_CDC_ASYNC_RST

Parameterized Macro:

Asynchronous Reset Synchronizer

XPM_CDC_GRAY

Parameterized Macro:

Synchronizer via Gray Encoding

XPM_CDC_HANDSHAKE

Parameterized Macro

: Bus Synchronizer with Full Handshake

XPM_CDC_PULSE

Parameterized Macro:

Pulse Transfer

XPM_CDC_SINGLE

Parameterized Macro:

Single-bit Synchronizer

XPM_CDC_SYNC_RST

Parameterized Macro:

Synchronous Reset Synchronizer

XPM_FIFO_ASYNC

Parameterized Macro:

Asynchronous FIFO

XPM_FIFO_AXIF

Parameterized Macro:

AXI-Full FIFO

XPM_FIFO_AXIL

Parameterized Macro:

AXI-Lite FIFO

XPM_FIFO_AXIS

Parameterized Macro:

AXI Stream FIFO

XPM_FIFO_SYNC

Parameterized Macro

: Synchronous FIFO

XPM_MEMORY_DPDISTRAM

Parameterized Macro:

Dual Port Distributed RAM

XPM_MEMORY_DPROM

Parameterized Macro:

Dual Port ROM

XPM_MEMORY_SDPRAM

Parameterized Macro:

Simple Dual Port RAM

XPM_MEMORY_SPRAM

Parameterized Macro:

Single Port RAM

XPM_MEMORY_SPROM

Parameterized Macro:

Single Port ROM

XPM_MEMORY_TDPRAM

Parameterized Macro:

True Dual Port RAM
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XPM_CDC_ARRAY_SINGLE

Parameterized Macro: Single-bit Array Synchronizer

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_ARRAY_SINGLE

—  srC_in[n:0] dest_out[n:0] e
—>srec_clk

—>dest_clk

X15897-031116

Introduction

This macro synthesizes an array of single-bit signals from the source clock domain to the
destination clock domain.

For proper operation, the input data must be sampled two or more times by the destination
clock. You can define the number of register stages used in the synchronizers. An optional input
register can be used to register the input in the source clock domain prior to it being
synchronized. You can also enable a simulation feature to generate messages to report any
potential misuse of the macro.

Note: This macro expects that the each bit of the source array is independent, and does not have a defined
relationship that needs to be preserved. If each bit of the array has a relationship that needs to be
preserved, use the XPM_CDC_HANDSHAKE or XPM_CDC_GRAY macros.

Port Descriptions

Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
dest_clk Input 1 NA EDGE Active Clock signal for the destination clock
_RISING domain.
dest_out Output WIDTH dest_clk NA Active src_in synchronized to the destination
clock domain. This output is registered.
src_clk Input 1 NA EDGE 0 Unused when SRC_INPUT_REG = 0. Input
_RISING clock signal for src_in if SRC_INPUT_REG =
1.
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Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
src_in Input WIDTH src_clk NA Active Input single-bit array to be synchronized to
destination clock domain. It is assumed
that each bit of the array is unrelated to
the others. This is reflected in the
constraints applied to this macro.
To transfer a binary value losslessly across
the two clock domains, use the
XPM_CDC_GRAY macro instead.
Design Entry Method
Instantiation Yes
Inference No
IP and IP Integrator Catalog No
Available Attributes
. Allowed A
Attribute Type Values Default Description
DEST_SYNC_FF DECIMAL |2to10 4 Number of register stages used to synchronize
signal in the destination clock domain.
INIT_SYNC_FF DECIMAL 0,1 0 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.
SIM_ASSERT_CHK DECIMAL |0,1 0 0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.
1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.
SRC_INPUT_REG DECIMAL 1,0 1 0- Do not register input (src_in)
1- Register input (src_in) once using src_clk
WIDTH DECIMAL 1to 1024 2 Width of single-bit array (src_in) that will be
synchronized to destination clock domain.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity

declaration.

Library xpm;

use xpm.vcomponents.all;

-- xpm_cdc_array_single:
-- Xilinx Parameterized Macro,

xpm_cdc_array_single_inst

generic map
DEST_SYNC_FF => 4,
INIT_SYNC_FF => O,
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SIM_ASSERT_CHK
SRC_INPUT_REG
WIDTH => 2

)

port map (
dest_out

dest_clk
src_clk
src_in => src_in

) 8

=> dest_

=> 0,

=> 1,

out,

clk,

=> dest_clk,
=> src_

Chapter 2: Xilinx Parameterized Macros

-- DECIMAL; O=disable simulation messages, l=enable simulation messages
-- DECIMAL; O=do not register input, l=register input
-- DECIMAL; range: 1-1024

WIDTH-bit output: src_in synchronized to the destination clock domain.
output is registered.

This

1-bit dinput:
1-bit dinput:
WIDTH-bit input:
domain.

Clock signal for the destination clock domain.
optional; required when SRC_INPUT_REG 1

Input single-bit array to be synchronized to destination clock
It is assumed that each bit of the array is unrelated to the others.
This is reflected in the constraints applied to this macro.
value losslessly across the two clock domains,
instead.

To transfer a binary
use the XPM_CDC_GRAY macro

End of xpm_cdc_array_single_inst instantiation

Verilog Instantiation Template

// xpm_cdc_array_single:

// Xilinx Parameterized Macro,

xpm_cdc_array_single #(
.DEST_SYNC_FF(4),

.INIT_SYNC_FF(0)
.SIM_ASSERT_CHK(

0),
)

.SRC_INPUT_REG(1),

.WIDTH(2)
)

Single-bit Array Synchronizer
version 2021.2

// DECIMAL; range: 2-10

// DECIMAL; O=disable simulation init values, l=enable simulation init values
// DECIMAL; O=disable simulation messages, l=enable simulation messages

// DECIMAL; O=do not register input, l=register input

// DECIMAL; range: 1-1024

xpm_cdc_array_single_inst (

.dest_out (dest_out),

.dest_clk(dest_clk),
.src_clk(src_clk),

.src_in(src_in)

)3

// is reflected in the constraints applied to this macro.
// losslessly across the two clock domains,

// WIDTH-bit output:
// output is registered.

// 1-bit dinput:
// 1-bit dinput:
// WIDTH-bit dinput:

// domain.

src_in synchronized to the destination clock domain. This

Clock signal for the destination clock domain.
optional; required when SRC_INPUT_REG 1
Input single-bit array to be synchronized to destination clock
It is assumed that each bit of the array is unrelated to the others. This
To transfer a binary value
use the XPM_CDC_GRAY macro instead.

// End of xpm_cdc_array_single_inst instantiation

Related Information

e XPM CDC Testbench File
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XPM_CDC_ASYNC_RST

Parameterized Macro: Asynchronous Reset Synchronizer

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

X15902-031116

XPM_CDC_ASYNC_RST
— src_arst dest_arst ——
—>dest_clk
Introduction

This macro synchronizes an asynchronous reset signal to the destination clock domain. The
resulting reset output will be guaranteed to assert asynchronously in relation to the input but the
deassertion of the output will always be synchronous to the destination clock domain.

You can define the polarity of the reset signal and the minimal output pulse width of the macro
when asserted. The latter is controlled by defining the number of register stages used in the
synchronizers.

Note: The minimum input pulse assertion is dependent on the setup and hold requirement of the reset or
set pin of the registers. See the respective DC and AC switching characteristics data sheets for the
targeted architecture.

Port Descriptions

Port Direction | Width | Domain | Sense -Handllng Function
if Unused

dest_arst Output 1 dest_clk NA Active src_arst asynchronous reset signal
synchronized to destination clock domain.
This output is registered.
NOTE: Signal asserts asynchronously but
deasserts synchronously to dest_clk. Width
of the reset signal is at least
(DEST_SYNC_FF*dest_clk) period.

dest_clk Input 1 NA EDGE Active Destination clock.

_RISING
src_arst Input 1 NA NA Active Source asynchronous reset signal.
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Design Entry Method

Instantiation Yes
Inference No
IP and IP Integrator Catalog No

Available Attributes

. Allowed .
Attribute Type Values Default Description
DEST_SYNC_FF DECIMAL |2to10 4 Number of register stages used to synchronize

signal in the destination clock domain. This
parameter also determines the minimum width of
the asserted reset signal.

INIT_SYNC_FF DECIMAL 0,1 0 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.

RST_ACTIVE_HIGH DECIMAL |0,1 0 Defines the polarity of the asynchronous reset
signal.

* 0- Active low asynchronous reset signal

* 1-Active high asynchronous reset signal

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity
declaration.

Library xpm;
use xpm.vcomponents.all;

-- xpm_cdc_async_rst: Asynchronous Reset Synchronizer
-- Xilinx Parameterized Macro, version 2021.2

xpm_cdc_async_rst_inst : xpm_cdc_async_rst
generic map (
DEST_SYNC_FF => 4, -- DECIMAL; range: 2-10
INIT_SYNC_FF => 0, -- DECIMAL; O=disable simulation init values, l=enable simulation init values
RST_ACTIVE_HIGH => 0 -- DECIMAL; O=active low reset, l=active high reset
)
port map (
dest_arst => dest_arst, -- 1-bit output: src_arst asynchronous reset signal synchronized to destination

-- clock domain. This output is registered. NOTE: Signal asserts asynchronously
-- but deasserts synchronously to dest_clk. Width of the reset signal is at least
-- (DEST_SYNC_FF*dest_clk) period.

dest_clk => dest_clk, -- 1-bit input: Destination clock.
src_arst => src_arst -- 1-bit dinput: Source asynchronous reset signal.

-- End of xpm_cdc_async_rst_inst instantiation
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Verilog Instantiation Template

// xpm_cdc_async_rst: Asynchronous Reset Synchronizer
// Xilinx Parameterized Macro, version 2021.2

xpm_cdc_async_rst #(
.DEST_SYNC_FF(4), // DECIMAL; range: 2-10
.INIT_SYNC_FF(0), // DECIMAL; O=disable simulation init values, l=enable simulation init wvalues
.RST_ACTIVE_HIGH(O) // DECIMAL; O=active low reset, l=active high reset
)
xpm_cdc_async_rst_inst (
.dest_arst(dest_arst), // 1-bit output: src_arst asynchronous reset signal synchronized to destination
// clock domain. This output is registered. NOTE: Signal asserts asynchronously
// but deasserts synchronously to dest_clk. Width of the reset signal is at least
// (DEST_SYNC_FF*dest_clk) period.

.dest_clk(dest_clk), // 1-bit dinput: Destination clock.
.src_arst(src_arst) // 1-bit input: Source asynchronous reset signal.

) s

// End of xpm_cdc_async_rst_inst instantiation

Related Information

e XPM CDC Testbench File

UG953 (v2021.2) October 22, 2021 send Feedback www.xilinx.com
7 Series FPGA and Zynq-7000 SoC Libraries Guide L\/—] A


https://www.xilinx.com/cgi-bin/docs/ctdoc?cid=e805cb59-d14d-4be9-9731-e8b7b5b39eb8;d=xpm-cdc-testbench.zip
https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Libraries_Guide&docId=UG953&Title=Vivado%20Design%20Suite%207%20Series%20FPGA%20and%20Zynq-7000%20SoC%20Libraries%20Guide&releaseVersion=2021.2&docPage=11

iv Xl I_l NX Chapter 2: Xilinx Parameterized Macros
A ®

XPM_CDC_GRAY

Parameterized Macro: Synchronizer via Gray Encoding

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_GRAY

m— src_in_bin[n:0] dest_out_bin[n:0] fem—
—>srec_clk

—>dest_clk

X15898-031116

Introduction

This macro synchronizes a binary input from the source clock domain to the destination clock
domain using gray code. For proper operation, the input data must be sampled two or more
times by the destination clock.

This module takes the input binary signal, translates it into Gray code and registers it,
synchronizes it to the destination clock domain, and then translates it back to a binary signal. You
can define the number of register stages used in the synchronizers. You can also enable a
simulation feature to generate messages to report any potential misuse of the macro.

Because this macro uses Gray encoding, the binary value provided to the macro must only
increment or decrement by one to ensure that the signal being synchronized has two successive
values that only differ by one bit. This will ensure lossless synchronization of a Gray coded bus. If
the behavior of the binary value is not compatible to Gray encoding, use the
XPM_CDC_HANDSHAKE macro or an alternate method of synchronizing the data to the
destination clock domain.

An additional option (SIM_LOSSLESS_GRAY_CHK) is provided to report an error message when
any binary input values are found to violate the Gray coding rule where two successive values
must only increment or decrement by one.

Note: When the XPM_CDC_GRAY module is used in a design and report_cdc is run, the synchronizer in
this module is reported as a warning of type CDC-6, Multi-bit synchronized with ASYNC_REG property.
This warning is safe to ignore because the bus that is synchronized is gray-coded. Starting in 2018.3, this
warning has been suppressed by adding a CDC-6 waiver to the Tcl constraint file.
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You should run report_cdc to make sure the CDC structure is identified and that no critical
warnings are generated, and also verify that dest _c1k can sample src_in_bin[n:0] two or
more times.

Port Descriptions

Port Direction | Width | Domain | Sense .Handllng Function
if Unused
dest_clk Input 1 NA EDGE Active Destination clock.
_RISING
dest_out_bin Output WIDTH dest_clk NA Active Binary input bus (src_in_bin) synchronized
to destination clock domain. This output is
combinatorial unless REG_OUTPUT is set to
1.
src_clk Input 1 NA EDGE Active Source clock.
_RISING
src_in_bin Input WIDTH src_clk NA Active Binary input bus that will be synchronized
to the destination clock domain.
Design Entry Method
Instantiation Yes
Inference No
IP and IP Integrator Catalog No
Available Attributes
. Allowed oL
Attribute Type Values Default Description
DEST_SYNC_FF DECIMAL |2to10 4 Number of register stages used to synchronize
signal in the destination clock domain.
INIT_SYNC_FF DECIMAL 0,1 0 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.
REG_OUTPUT DECIMAL |0,1 0 0- Disable registered output
1- Enable registered output
SIM_ASSERT_CHK DECIMAL |0,1 0 0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.
1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.
SIM_LOSSLESS_GRAY DECIMAL |0,1 0 0- Disable simulation message that reports
_CHK whether src_in_bin is incrementing or
decrementing by one, guaranteeing lossless
synchronization of a gray coded bus.
1- Enable simulation message that reports
whether src_in_bin is incrementing or
decrementing by one, guaranteeing lossless
synchronization of a gray coded bus.
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. Allowed _—
Attribute Type Values Default Description
WIDTH DECIMAL |2to32 2 Width of binary input bus that will be synchronized
to destination clock domain.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity
declaration.

Library xpm;
use xpm.vcomponents.all;

-- xpm_cdc_gray: Synchronizer via Gray Encoding
-- Xilinx Parameterized Macro, version 2021.2

xpm_cdc_gray_inst : xpm_cdc_gray

generic map (
DEST_SYNC_FF => 4, -- DECIMAL; range: 2-10
INIT_SYNC_FF => 0, -- DECIMAL; O=disable simulation init values, l=enable simulation init values
REG_OUTPUT => O, -- DECIMAL; O=disable registered output, l=enable registered output
SIM_ASSERT_CHK => 0, -- DECIMAL; O=disable simulation messages, l=enable simulation messages
SIM_LOSSLESS_GRAY_CHK => 0, -- DECIMAL; O=disable lossless check, l=enable lossless check
WIDTH => 2 -- DECIMAL; range: 2-32

)
port map (
dest_out_bin => dest_out_bin, -- WIDTH-bit output: Binary input bus (src_in_bin) synchronized to
-- destination clock domain. This output is combinatorial unless REG_OUTPUT
-- is set to 1.

dest_clk => dest_clk, -- 1-bit dinput: Destination clock.
src_clk => src_clk, -- 1-bit dinput: Source clock.
src_in_bin => src_in_bin -- WIDTH-bit dinput: Binary input bus that will be synchronized to the

-- destination clock domain.
)

-- End of xpm_cdc_gray_inst instantiation

Verilog Instantiation Template

// xpm_cdc_gray: Synchronizer via Gray Encoding
// Xilinx Parameterized Macro, version 2021.2

xpm_cdc_gray #(

.DEST_SYNC_FF(4), // DECIMAL; range: 2-10

.INIT_SYNC_FF(O0), // DECIMAL; O=disable simulation init values, l=enable simulation init wvalues
.REG_OUTPUT(O0) , // DECIMAL; O=disable registered output, l=enable registered output
.SIM_ASSERT_CHK(O0), // DECIMAL; O=disable simulation messages, l=enable simulation messages
.SIM_LOSSLESS_GRAY_CHK(0), // DECIMAL; O=disable lossless check, l=enable lossless check
.WIDTH(2) // DECIMAL; range: 2-32

)
xpm_cdc_gray_inst (
.dest_out_bin(dest_out_bin), // WIDTH-bit output: Binary input bus (src_in_bin) synchronized to

// destination clock domain. This output is combinatorial unless REG_OUTPUT
// 1is set to 1.

.dest_clk(dest_clk), // 1l-bit dinput: Destination clock.
.src_clk(src_clk), // 1-bit dinput: Source clock.
.src_in_bin(src_in_bin) // WIDTH-bit dinput: Binary input bus that will be synchronized to the

// destination clock domain.
) s

// End of xpm_cdc_gray_inst instantiation
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Related Information

e XPM CDC Testbench File
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XPM_CDC_HANDSHAKE

Parameterized Macro: Bus Synchronizer with Full Handshake

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_HANDSHAKE
— src_in[n:0] dest_out[n:0] e
—— src_send src_rev ——
—>sre_clk
— dest_ack dest_req ——
—>dest_clk

X15899-031116

Introduction

This macro uses a handshake signaling to transfer an input bus from the source clock domain to
the destination clock domain. One example of when this macro should be used is when the data
being transferred is not compatible with the XPM_CDC_GRAY macro that uses Gray encoding.

For this macro to function correctly, a full handshake—an acknowledgement that the data
transfer was received and a resetting of the handshake signals—must be completed before
another data transfer is initiated.

You can define the number of register stages used in the synchronizers to transfer the handshake
signals between the clock domains individually. You can also include internal handshake logic to
acknowledge the receipt of data on the destination clock domain. When this feature is enabled,
the output (dest_out) must be consumed immediately when the data valid (dest_req) is asserted.

You can also enable a simulation feature to generate messages to report any potential misuse of
the macro. These messages will generate errors when the signaling provided to the macro
violates the usage guidance above.

Note: When the XPM_CDC_HANDSHAKE module is used in a design and report_cdc is run, the data bus
that is synchronized in this module is reported as a warning of type CDC-15, Clock Enable Controlled CDC.
This warning is safe to ignore. Starting in 2018.3, this warning has been suppressed by adding a CDC-15
waiver to the Tcl constraint file.

You should run report_cdc to make sure the CDC structure is identified and that no critical
warnings are generated, and also verify that dest_clk can sample src_in[n:0] two or more times.
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External Handshake

The following waveform shows how back-to-back data is sent when the external handshake
option is used.

Figure 1: External Handshake Timing Diagram
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Internal Handshake

The following waveform shows how back-to-back data is sent when the internal handshake
option is enabled.

Figure 2: Internal Handshake Timing Diagram
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Port Descriptions

Handling

Port Direction | Width | Domain | Sense if Unused

Function

dest_ack Input 1 dest_clk LEVEL 0 Destination logic acknowledgement if
_HIGH DEST_EXT_HSK = 1. Unused when
DEST_EXT_HSK =0.

dest_out has been captured by the
destination logic.

This signal should be deasserted once
dest_req is deasserted, completing the
handshake on the destination clock

logic is ready for a new data transfer.

Asserting this signal indicates that data on

domain and indicating that the destination

dest_clk Input 1 NA EDGE Active Destination clock.
_RISING

dest_out Output WIDTH dest_clk NA Active Input bus (src_in) synchronized to
destination clock domain. This output is
registered.
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Handling

if Unused Function

Port Direction | Width | Domain | Sense

_

dest_req Output dest_clk LEVEL Active Assertion of this signal indicates that new
_HIGH dest_out data has been received and is
ready to be used or captured by the

destination logic.

* When DEST_EXT_HSK =1, this signal
will deassert once the source
handshake acknowledges that the
destination clock domain has received
the transferred data.

*  When DEST_EXT_HSK = 0, this signal
asserts for one clock period when
dest_out bus is valid.

This output is registered.

src_clk Input 1 NA EDGE Active Source clock.
_RISING

src_in Input WIDTH src_clk NA Active Input bus that will be synchronized to the
destination clock domain.

—_

src_rcv Output src_clk LEVEL Active Acknowledgement from destination logic

_HIGH that src_in has been received.

This signal will be deasserted once
destination handshake has fully
completed, thus completing a full data
transfer. This output is registered.

src_send Input 1 src_clk LEVEL Active Assertion of this signal allows the src_in
_HIGH bus to be synchronized to the destination
clock domain.

* This signal should only be asserted
when src_rcv is deasserted, indicating
that the previous data transfer is
complete.

* This signal should only be deasserted
once src_rcv is asserted,
acknowledging that the src_in has
been received by the destination logic.

Design Entry Method

Instantiation Yes
Inference No
IP and IP Integrator Catalog No
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Attribute Type Allowed Default Description
Values

DEST_EXT_HSK DECIMAL 1,0 1 0- An internal handshake will be implemented in
the macro to acknowledge receipt of data on the
destination clock domain. When using this option,
the valid dest_out output must be consumed
immediately to avoid any data loss.
1- External handshake logic must be implemented
by the user to acknowledge receipt of data on the
destination clock domain.

DEST_SYNC_FF DECIMAL |2to 10 4 Number of register stages used to synchronize
signal in the destination clock domain.

INIT_SYNC_FF DECIMAL 0,1 0 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.

SIM_ASSERT_CHK DECIMAL |0,1 0 0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.
1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.

SRC_SYNC_FF DECIMAL |2to 10 4 Number of register stages used to synchronize
signal in the source clock domain.

WIDTH DECIMAL 1to0 1024 1 Width of bus that will be synchronized to
destination clock domain.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity

declaration.

Library xpm;

use xpm.vcomponents.all;

-- xpm_cdc_handshake: Bus Synchronizer with Full Handshake

-- Xilinx Parameterized

xpm_cdc_handshake_inst

generic map (
DEST_EXT_HSK => 1,
DEST_SYNC_FF => 4,
INIT_SYNC_FF => O, ==
SIM_ASSERT_CHK => 0,
SRC_SYNC_FF => 4,
WIDTH => 1

)

port map (
dest_out => dest_out, --

dest_req => dest_req, --

src_rcv => src._rcv, ==

Macro, version 2021.2
xpm_cdc_handshake

-- DECIMAL; O=internal handshake, l=external handshake

-- DECIMAL; range: 2-10

DECIMAL; O=disable simulation init values, l=enable simulation init wvalues

-- DECIMAL; O=disable simulation messages, l=enable simulation messages
-- DECIMAL; range: 2-10

-- DECIMAL; range: 1-1024

WIDTH-bit output: Input bus (src_in) synchronized to destination clock domain.
-- This output is registered.

1-bit output: Assertion of this signal indicates that new dest_out data has been
received and is ready to be used or captured by the destination logic. When

-- DEST_EXT_HSK = 1, this signal will deassert once the source handshake
acknowledges that the destination clock domain has received the transferred

data. When DEST_EXT_HSK = 0, this signal asserts for one clock period when

-- dest_out bus is wvalid. This output is registered.

1-bit output: Acknowledgement from destination logic that src_in has been
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-- received. This signal will be deasserted once destination handshake has fully
-- completed, thus completing a full data transfer. This output is registered.

dest_ack => dest_ack, -- 1-bit input: optional; required when DEST_EXT_HSK = 1

dest_clk => dest_clk, -- 1-bit dinput: Destination clock.

src_clk => src_clk, -- 1-bit dinput: Source clock.

src_in => src_in, -- WIDTH-bit input: Input bus that will be synchronized to the destination clock
-- domain.

src_send => src_send -- 1l-bit input: Assertion of this signal allows the src_in bus to be synchronized

-- to the destination clock domain. This signal should only be asserted when

-- src_rcv is deasserted, indicating that the previous data transfer is complete.

-- This signal should only be deasserted once src_rcv is asserted, acknowledging
-- that the src_in has been received by the destination logic.

)8

-- End of xpm_cdc_handshake_inst instantiation

Verilog Instantiation Template

// xpm_cdc_handshake: Bus Synchronizer with Full Handshake
// Xilinx Parameterized Macro, version 2021.2

xpm_cdc_handshake #(
.DEST_EXT_HSK(1), // DECIMAL; O=internal handshake, l=external handshake
.DEST_SYNC_FF(4), // DECIMAL; range: 2-10
.INIT_SYNC_FF(O0), // DECIMAL; O=disable simulation init values, l=enable simulation init values
.SIM_ASSERT_CHK(0), // DECIMAL; O=disable simulation messages, l=enable simulation messages
.SRC_SYNC_FF(4), // DECIMAL; range: 2-10
.WIDTH(1) // DECIMAL; range: 1-1024

)

xpm_cdc_handshake_inst (
.dest_out(dest_out), // WIDTH-bit output: Input bus (src_in) synchronized to destination clock domain.

// This output is registered.

.dest_req(dest_req), // 1-bit output: Assertion of this signal indicates that new dest_out data has been
// received and is ready to be used or captured by the destination logic. When
// DEST_EXT_HSK = 1, this signal will deassert once the source handshake
// acknowledges that the destination clock domain has received the transferred data.
// When DEST_EXT_HSK = 0, this signal asserts for one clock period when dest_out bus
// is valid. This output is registered.

.src_rcv(src_rcv), // 1-bit output: Acknowledgement from destination logic that src_in has been
// received. This signal will be deasserted once destination handshake has fully
// completed, thus completing a full data transfer. This output is registered.

.dest_ack(dest_ack), // 1-bit dinput: optional; required when DEST_EXT_HSK = 1

.dest_clk(dest_clk), // 1-bit input: Destination clock.

.src_clk(src_clk), // 1l-bit dinput: Source clock.

.src_in(src_in), // WIDTH-bit dinput: Input bus that will be synchronized to the destination clock
// domain.

.src_send(src_send) // 1-bit input: Assertion of this signal allows the src_in bus to be synchronized to
// the destination clock domain. This signal should only be asserted when src_rcv is
// deasserted, indicating that the previous data transfer is complete. This signal
// should only be deasserted once src_rcv is asserted, acknowledging that the src_in
// has been received by the destination logic.

) s

// End of xpm_cdc_handshake_inst instantiation

Related Information

e XPM CDC Testbench File
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XPM_CDC_PULSE

Parameterized Macro: Pulse Transfer

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_PULSE
— src_pulse dest_pulse ——
— src_rst
—>sre_clk
—— dest_rst
—>dest_clk

X15900-031116

Introduction

This macro synchronizes a pulse in the source clock domain to the destination clock domain. A
pulse of any size in the source clock domain, if initiated correctly, will generate a pulse the size of
a single destination clock period.

For proper operation, the input data must be sampled two or more times by the destination
clock. You can define the number of register stages used in the synchronizers. An optional source
and destination reset may be used to reset the pulse transfer logic. You can also enable a
simulation feature to generate messages which report any potential misuse of the macro.

The implementation of this macro requires some feedback logic. When simulating the macro
without the optional reset signals, the input pulse signal (src_pulse) must always be defined
because there is no reset logic to recover from an undefined or ‘x’ propagating through the
macro.

This macro also requires the following minimum gap between subsequent pulse inputs:
2%*(larger(src_clk period, dest_clk period))

The minimum gap is measured between the falling edge of a src_pulse to the rising edge of the
next src_pulse. This minimum gap will guarantee that each rising edge of src_pulse will generate a
pulse the size of one dest_clk period in the destination clock domain.
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When using the optional reset signals, src_rst and dest_rst must be asserted simultaneously for at
least the following duration to fully reset all the logic in the macro:

((DEST_SYNC_FF+2)*dest_clk_period) + (2*src_clk_period)

When reset is asserted, the input pulse signal should not toggle and the output pulse signal is not
valid and should be ignored.

The following waveform demonstrates how to reset the macro and transfer back-to-back pulses
while abiding the minimum gap between each pulse.

Figure 3: Timing for Macro and Transfer Back-to-Back Pulses
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Port Descriptions

. . . . Handling .
Port Direction | Width | Domain | Sense if Unused Function
dest_clk Input 1 NA EDGE Active Destination clock.
_RISING
dest_pulse Output 1 dest_clk LEVEL Active Outputs a pulse the size of one dest_clk
_HIGH period when a pulse transfer is correctly
initiated on src_pulse input. This output is
combinatorial unless REG_OUTPUT is set to
1.
dest_rst Input 1 dest_clk LEVEL 0 Unused when RST_USED = 0. Destination
_HIGH reset signal if RST_USED = 1.
Resets all logic in destination clock
domain. To fully reset the macro, src_rst
and dest_rst must be asserted
simultaneously for at least ((DEST_SYNC_FF
+2)*dest_clk_period) + (2*src_clk_period).
src_clk Input 1 NA EDGE Active Source clock.
_RISING
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Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
src_pulse Input 1 src_clk EDGE Active Rising edge of this signal initiates a pulse
_RISING transfer to the destination clock domain.
The minimum gap between each pulse
transfer must be at the minimum
2*(larger(src_clk period, dest_clk period)).
This is measured between the falling edge
of a src_pulse to the rising edge of the next
src_pulse. This minimum gap will
guarantee that each rising edge of
src_pulse will generate a pulse the size of
one dest_clk period in the destination clock
domain.
When RST_USED = 1, pulse transfers will
not be guaranteed while src_rst and/or
dest_rst are asserted.
src_rst Input 1 src_clk LEVEL 0 Unused when RST_USED = 0. Source reset
_HIGH signal if RST_USED = 1.
Resets all logic in source clock domain.
To fully reset the macro, src_rst and
dest_rst must be asserted simultaneously
for at least ((DEST_SYNC_FF
+2)*dest_clk_period) + (2*src_clk_period).
Design Entry Method
Instantiation Yes
Inference No
IP and IP Integrator Catalog No
Available Attributes
Attribute Type Allowed Default Description
Values
DEST_SYNC_FF DECIMAL |2to10 4 Number of register stages used to synchronize
signal in the destination clock domain.
INIT_SYNC_FF DECIMAL 0,1 0 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.
REG_OUTPUT DECIMAL |0,1 0 0- Disable registered output
1- Enable registered output
RST_USED DECIMAL 1,0 1 0 - No resets implemented.
1 - Resets implemented.
When RST_USED = 0, src_pulse input must always
be defined during simulation since there is no
reset logic to recover from an x-propagating
through the macro.
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Attribute Type Allowed Default Description
Values
SIM_ASSERT_CHK DECIMAL |0,1 0 0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.

1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity
declaration.

Library xpm;
use xpm.vcomponents.all;

-- xpm_cdc_pulse: Pulse Transfer
-- Xilinx Parameterized Macro, version 2021.2

xpm_cdc_pulse_inst : xpm_cdc_pulse
generic map (
DEST_SYNC_FF => 4, -- DECIMAL; range: 2-10
INIT_SYNC_FF => O, -- DECIMAL; O=disable simulation init values, l=enable simulation init values
REG_OUTPUT => O, -- DECIMAL; O=disable registered output, l=enable registered output
RST_USED => 1, -- DECIMAL; O=no reset, l=implement reset
SIM_ASSERT_CHK => 0 -- DECIMAL; O=disable simulation messages, l=enable simulation messages
)
port map (
dest_pulse => dest_pulse, -- 1-bit output: Outputs a pulse the size of one dest_clk period when a pulse

-- transfer is correctly initiated on src_pulse input. This output is
-- combinatorial unless REG_OUTPUT is set to 1.

dest_clk => dest_clk, -- 1-bit input: Destination clock.

dest_rst => dest_rst, -- 1-bit input: optional; required when RST_USED = 1

src_clk => src_clk, -- 1-bit input: Source clock.

src_pulse => src_pulse, -- 1-bit dinput: Rising edge of this signal initiates a pulse transfer to the
-- destination clock domain. The minimum gap between each pulse transfer must
-- be at the minimum 2*(larger(src_clk period, dest_clk period)). This is

-- measured between the falling edge of a src_pulse to the rising edge of the

-- next src_pulse. This minimum gap will guarantee that each rising edge of

-- src_pulse will generate a pulse the size of one dest_clk period in the

-- destination clock domain. When RST_USED = 1, pulse transfers will not be
-- guaranteed while src_rst and/or dest_rst are asserted.

BRER_EZE =2 BEC_EHE -- 1-bit input: optional; required when RST_USED = 1
) s

-- End of xpm_cdc_pulse_inst instantiation

Verilog Instantiation Template

// xpm_cdc_pulse: Pulse Transfer
// Xilinx Parameterized Macro, version 2021.2

xpm_cdc_pulse #(

.DEST_SYNC_FF(4), // DECIMAL; range: 2-10

.INIT_SYNC_FF(0), // DECIMAL; O=disable simulation init values, l=enable simulation init values
.REG_OUTPUT(O0), // DECIMAL; O=disable registered output, l=enable registered output
.RST_USED(1), // DECIMAL; O=no reset, l=implement reset

.SIM_ASSERT_CHK(O0) // DECIMAL; O=disable simulation messages, l=enable simulation messages
)
xpm_cdc_pulse_inst (
.dest_pulse(dest_pulse), // 1-bit output: Outputs a pulse the size of one dest_clk period when a pulse
// transfer is correctly initiated on src_pulse input. This output is
// combinatorial unless REG_OUTPUT is set to 1.
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.dest_clk(dest_clk),
.dest_rst(dest_rst),
.src_clk(src_clk),
.src_pulse(src_pulse), //

.src_rst(src_rst)

) s

Chapter 2: Xilinx Parameterized Macros

// 1-bit input: Destination clock.

// 1l-bit input: optional; required when RST_USED = 1

// 1-bit dinput: Source clock.
1-bit input: Rising edge of this signal initiates a pulse transfer to the
destination clock domain. The minimum gap between each pulse transfer must be
at the minimum 2%*(larger(src_clk period, dest_clk period)). This is measured
between the falling edge of a src_pulse to the rising edge of the next
src_pulse. This minimum gap will guarantee that each rising edge of src_pulse
will generate a pulse the size of one dest_clk period in the destination
clock domain. When RST_USED = 1, pulse transfers will not be guaranteed while

// src_rst and/or dest_rst are asserted.

// 1-bit dinput: optional; required when RST_USED = 1

// End of xpm_cdc_pulse_inst instantiation

Related Information

e XPM CDC Testbench File
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XPM_CDC_SINGLE

Parameterized Macro: Single-bit Synchronizer

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_SINGLE
— src_in dest_out ——
—>sre_clk
—>dest_clk
X15896-031116
Introduction

This macro synchronizes a one bit signal from the source clock domain to the destination clock

domain.

For proper operation, the input data must be sampled two or more times by the destination
clock. You can define the number of register stages used in the synchronizers. An optional input
register may be used to register the input in the source clock domain prior to it being
synchronized. You can also enable a simulation feature to generate messages to report any
potential misuse of the macro.

Port Descriptions

. . . . Handling .
Por Direction | Width | Domain n . Function
ort ectio dt oma Sense if Unused unctio
dest_clk Input 1 NA EDGE Active Clock signal for the destination clock
_RISING domain.
dest_out Output 1 dest_clk NA Active src_in synchronized to the destination
clock domain. This output is registered.
src_clk Input 1 NA EDGE 0 Input clock signal for src_in if
_RISING SRC_INPUT_REG = 1.
Unused when SRC_INPUT_REG = 0.
src_in Input 1 src_clk NA Active Input signal to be synchronized to dest_clk
domain.
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Design Entry Method

Chapter 2: Xilinx Parameterized Macros

Instantiation Yes
Inference No
IP and IP Integrator Catalog No
Available Attributes
. Allowed oL
Attribute Type Values Default Description
DEST_SYNC_FF DECIMAL |2to10 Number of register stages used to synchronize
signal in the destination clock domain.
INIT_SYNC_FF DECIMAL 0,1 0- Disable behavioral simulation initialization
value(s) on synchronization registers.
1- Enable behavioral simulation initialization
value(s) on synchronization registers.
SIM_ASSERT_CHK DECIMAL |0,1 0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.
1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.
SRC_INPUT_REG DECIMAL 1,0 0- Do not register input (src_in)

1- Register input (src_in) once using src_clk

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity

declaration.

Library xpm;

use xpm.vcomponents.all;

-- xpm_cdc_single:

-- Xilinx Parameterized Macro,

xpm_cdc_single_inst

generic map (
DEST_SYNC_FF => 4,
INIT_SYNC_FF => O,

SRC_INPUT_REG => 1
)
port map (

dest_out => dest_out,

dest_clk => dest_clk,

src_clk => src_clk,
src_in => src_in

)8

-- End of xpm_cdc_single_inst instantiation

UG953 (v2021.2) October 22, 2

Single-bit Synchronizer
version 2021.2

xpm_cdc_single

-- DECIMAL;
-- DECIMAL;
SIM_ASSERT_CHK => 0,

-- 1-bit output:

range:

-- is registered.

021

-- 1-bit dinput:
-- 1-bit dinput:
-- 1-bit dinput:

7 Series FPGA and Zynqg-7000 SoC Libraries Guide

optional;

O=disable simulation init wvalues,
-- DECIMAL;
-- DECIMAL;

O=disable simulation messages,
O0=do not register dinput,

src_in synchronized to the destination clock domain.

l=enable simulation init values
l=enable simulation messages
l=register input

This output

Clock signal for the destination clock domain.
required when SRC_INPUT_REG = 1
Input signal to be synchronized to dest_clk domain.
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Verilog Instantiation Template

// xpm_cdc_single: Single-bit Synchronizer
// Xilinx Parameterized Macro, version 2021.2

xpm_cdc_single #(
.DEST_SYNC_FF(

4 // DECIMAL; range: 2-10
.INIT_SYNC_FF (0

K

(

) o

), // DECIMAL; O=disable simulation init values, l=enable simulation init values
(0), // DECIMAL; O=disable simulation messages, l=enable simulation messages

1) // DECIMAL; O=do not register input, l=register input

.SIM_ASSERT_CH
.SRC_INPUT_REG
)
xpm_cdc_single_inst (
.dest_out(dest_out), // 1-bit output: src_in synchronized to the destination clock domain. This output is
// registered.

.dest_clk(dest_clk), // 1-bit dinput: Clock signal for the destination clock domain.

.src_clk(src_clk), // 1-bit input: optional; required when SRC_INPUT_REG = 1
.src_in(src_in) // 1-bit dinput: Input signal to be synchronized to dest_clk domain.

) s

// End of xpm_cdc_single_inst instantiation

Related Information

e XPM CDC Testbench File
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XPM_CDC_SYNC_RST

Parameterized Macro: Synchronous Reset Synchronizer

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_CDC

XPM_CDC_SYNC_RST

— src_rst

—>dest_clk

dest_rst ——

Introduction

X15901-031116

This macro synchronizes a reset singal to the destination clock domain. Unlike the
XPM_CDC_ASYNC_RST macro, the generated output will both assert and deassert
synchronously to the destination clock domain.

For proper operation, the input data must be sampled two or more times by the destination
clock. You can define the number of register stages used in the synchronizers and the initial value
of these registers after configuration. You can also enable a simulation feature to generate
messages which report any potential misuse of the macro.

Port Descriptions

Port Direction | Width | Domain | Sense il;l?Jr:‘duI;r;% Function
dest_clk Input 1 NA EDGE Active Destination clock.
_RISING
dest_rst Output 1 dest_clk NA Active src_rst synchronized to the destination
clock domain. This output is registered.
src_rst Input 1 NA NA Active Source reset signal.
Design Entry Method
Instantiation Yes
Inference No
IP and IP Integrator Catalog No
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Available Attributes

Chapter 2: Xilinx Parameterized Macros

Attribute

Type

Allowed
Values

Default

Description

DEST_SYNC_FF

DECIMAL

2to 10

Number of register stages used to synchronize
signal in the destination clock domain.

INIT

DECIMAL

1,0

0- Initializes synchronization registers to 0
1- Initializes synchronization registers to 1

The option to initialize the synchronization
registers means that there is no complete x-
propagation behavior modeled in this macro. For
complete x-propagation modelling, use the
xpm_cdc_single macro.

INIT_SYNC_FF

DECIMAL

0,1

0- Disable behavioral simulation initialization
value(s) on synchronization registers.

1- Enable behavioral simulation initialization
value(s) on synchronization registers.

SIM_ASSERT_CHK

DECIMAL

0,1

0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.

1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity

declaration.

Library xpm;

use xpm.vcomponents.all;

-- xpm_cdc_sync_rst:
-- Xilinx Parameterized Macro,

xpm_cdc_sync_rst_inst

generic map (

DEST_SYNC_FF => 4,

INIT => 1,

INIT_SYNC_FF => 0,
SIM_ASSERT_CHK

)
port map (

dest_rst => dest_rst,

dest_clk => dest_clk,
src_rst => src_rst

) s

-- End of xpm_cdc_sync_rst_inst instantiation

xpm_cdc_sync_rst

-- DECIMAL; range:

-- DECIMAL;

Synchronous Reset Synchronizer
version 2021.2

O=initialize synchronization registers to 0, l=initialize

-- synchronization registers to 1

-- DECIMAL;
=> 0

-- 1-bit output:

-- DECIMAL;

-- is registered.

-- 1-bit dinput:
-- 1-bit dinput:

Verilog Instantiation Template

// xpm_cdc_sync_rst:
// Xilinx Parameterized Macro,

xpm_cdc_sync_rst #(
.DEST_SYNC_FF (4

// DECIMAL; range:

UG953 (v2021.2) October 22, 2021
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2-10

Synchronous Reset Synchronizer
version 2021.2

O=disable simulation init values, l=enable simulation init values
O=disable simulation messages, l=enable simulation messages

src_rst synchronized to the destination clock domain. This output

Destination clock.
Source reset signal.
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JINIT(1), // DECIMAL; O=initialize synchronization registers to 0, l=initialize synchronization
// registers to 1
.INIT_SYNC_FF(0), // DECIMAL; O=disable simulation init values, l=enable simulation init values

.SIM_ASSERT_CHK(O0) // DECIMAL; O=disable simulation messages, l=enable simulation messages
)

xpm_cdc_sync_rst_inst (
.dest_rst(dest_rst), // 1-bit output: src_rst synchronized to the destination clock domain. This output
// 1is registered.

.dest_clk(dest_clk), // 1-bit input: Destination clock.
.src_rst(src_rst) // 1l-bit dinput: Source reset signal.

) s

// End of xpm_cdc_sync_rst_inst instantiation

Related Information

e XPM CDC Testbench File
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XPM_FIFO_ASYNC

Parameterized Macro: Asynchronous FIFO

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_FIFO

XPM_FIFO_ASYNC

| din[(WRITE_DATA_WIDTH - 1):0]

—| injectsbiterr
— injectdbiterr
—] rst

—— wr_clk
—— wr_en

— rd_clk
—1 rd_en

— sleep

dout[(READ_DATA_WIDTH - 1):0]
wr_data_count[(WR_DATA_COUNT_WIDTH - 1):0]
rd_data_count[(RD_DATA_COUNT_WIDTH - 1):0]

sbiterr
dbiterr

rd_rst_busy
wr_rst_busy
full

empty
overflow
underflow
prog_full
prog_empty
wr_ack
data_valid
almost_full
almost_empty

Introduction

This macro is used to instantiate an asynchronous FIFO.

X17928-092617

The following describes the basic write and read operation of an XPM_FIFO instance. It does not
distinguish between FIFO types, clock domain or read mode.

e After a user issues a reset, the user should wait until the busy signals go low before issuing

another reset.
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All synchronous signals are sensitive to the rising edge of wr_clk/rd_clk, which is assumed to
be a buffered and toggling clock signal behaving according to target device and FIFO/memory
primitive requirements.

A write operation is performed when the FIFO is not full and wr_en is asserted on each wr_clk
cycle.

A read operation is performed when the FIFO is not empty and rd_en is asserted on each
rd_clk cycle.

The number of clock cycles required for XPM FIFO to react to dout, full, and empty changes
depends on the CLOCK_DOMAIN, READ_MODE, and FIFO_READ_LATENCY settings.

It can take more than one rd_clk cycle to deassert empty due to write operation (wr_en =
1).

It can take more than one rd_clk cycle to present the read data on dout port upon assertion
of rd_en.

It may take more than one wr_clk cycle to deassert full due to read operation (rd_en = 1).
All write operations are gated by the value of wr_en and full on the initiating wr_clk cycle.
All read operations are gated by the value of rd_en and empty on the initiating rd_clk cycle.

Undriven or unknown values provided on module inputs will produce undefined output port
behavior.

wr_en/rd_en should not be toggled when reset (rst) or wr_rst_busy or rd_rst_busy is asserted.
Assertion/deassertion of prog_full happens only when full is deasserted.

Assertion/deassertion of prog_empty happens only when empty is deasserted.

Note: In an asynchronous FIFO (that is, two independent clocks), the RELATED_CLOCKS attribute should
be set to TRUE only if both the wr_clk and rd_clk are generated from the same source.
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Timing Diagrams

Figure 4: Reset Behavior
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Figure 5: Standard Write Operation
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Figure 6: Standard Read Operation
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Figure 7: Standard Read Operation

3, FIFO_READ_LATE

16, PROG_EMPTY_THRESH=
rd_clk

FIFO_WRITE_DEPTH=

dout

rd_data_count

prog_empty
underflow

X23397-101619

Figure 8: Write Operation

READ_MODE=FWFT, FIFO_WRITE_DEPTH=

PROG_FULL_THRESH=7

16,

’

~
—
lm
=
0
-
>< e
<
—
> -} -} -----
™
—
><--———-}-----
o~
—
> — — — - ===
—
=
m
=
o
m
E
[P E i ——
<
m
m
n
ot----F--4----
- — —
c = = B
=1 2 2 o
o 0_4 =
o o ¢
i a o
©
kel
o
2

X17950-101819

35

www.Xilinx.com

Send Feedback

7 Series FPGA and Zynqg-7000 SoC Libraries Guide

UG953 (v2021.2) October 22, 2021


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Libraries_Guide&docId=UG953&Title=Vivado%20Design%20Suite%207%20Series%20FPGA%20and%20Zynq-7000%20SoC%20Libraries%20Guide&releaseVersion=2021.2&docPage=35

Chapter 2: Xilinx Parameterized Macros

& XILINX

Figure 9: Read Operation
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Figure 10: Standard Write Operation with Empty Deassertion
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Figure 11: Standard Read Operation with Full Deassertion
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Latency

This section defines the latency in which different output signals of the FIFO are updated in
response to read or write operations for standard read mode and FWFT read mode
implementations.

The following table defines the write port flags update latency due to a write operation.

Table 1: Standard Read Mode — Write Port Flags Due to Write Operation

Signal Latency (wr_clk)
full 0
almost_full 0
prog_full 2
wr_ack 1
overflow 0
wr_data_count 2

The following table defines the read port flags update latency due to a read operation.

Table 2: Standard Read Mode — Read Port Flags Due to Read Operation

Signal Latency (rd_clk)
empty 0
almost_empty 0
prog_empty 1
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Table 2: Standard Read Mode — Read Port Flags Due to Read Operation (cont'd)

Signal

Latency (rd_clk)

data_valid

FIFO_READ_LATENCY

underflow

0

rd_data_count

2

The following table defines the write port flags update latency due to a read operation. N is the

number of synchronization stages.

Table 3: Standard Read Mode — Write Port Flags Due to Read Operations

Signal Latency
full 1 rd_clk + (N+2) wr_clk
almost_full 1 rd_clk + (N+3) wr_clk
prog_full 1 rd_clk + (N+2) wr_clk
wr_ack N/A
overflow N/A
wr_data_count 1 rd_clk + (N+2) wr_clk

The following table defines the read port flags update latency due to a write operation. N is the
number of synchronization stages. In this example, N is 2.

Table 4: Standard Read Mode — Read Port Flags Due to Write Operation

Signal

Latency

empty

1 wr_clk + (N+2) rd_clk

almost_empty

1 wr_clk + (N+3) rd_clk

prog_empty 1 wr_clk + (N+3) rd_clk
data_valid N/A
underflow N/A

rd_data_count

1 wr_clk + (N+2) rd_clk

The following table defines the write port flags update latency due to a write operation.

Table 5: FWFT Read Mode — Write Port Flags Due to Write Operation

Signal Latency
full 2
almost_full 1
prog_full 0
wr_ack 1
overflow 2
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Table 5: FWFT Read Mode — Write Port Flags Due to Write Operation (cont'd)

Signal

Latency

wr_data_count

The following table defines the read port flags update latency due to a read operation.

Table 6: FWFT Read Mode — Read Port Flags Due to Read Operation

Signal

Latency

empty

almost_empty

prog_empty

data_valid

underflow

rd_data_count

NIN]JOlWIN]|N

The following table defines the write port flags update latency due to a read operation. N is the

number of synchronization stages.

Table 7: FWFT Read Mode — Write Port Flags Due to Read Operation

Signal Latency
full 1 rd_clk + (N+3) wr_clk
almost_full 1 rd_clk + (N+4) wr_clk
prog_full 1 rd_clk + (N+5) wr_clk
wr_ack N/A
overflow N/A
wr_data_count 1 rd_clk + (N+3) wr_clk

The following table defines the read port flags update latency due to a write operation. N is the
number of synchronization stages. In this example, N is 2.

Table 8: FWFT Read Mode — Read Port Flags Due to Write Operation

Signal Latency
empty 1 wr_clk + (N+4) rd_clk
almost_empty 1 wr_clk + (N+4) rd_clk
prog_empty 1 wr_clk + (N+3) rd_clk
data_valid 1 wr_clk + (N+4) rd_clk
underflow N/A

rd_data_count

1 wr_clk + (N+4) rd_clk
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Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
almost_empty | Output 1 rd_clk LEVEL DoNotCare | AlImost Empty : When asserted, this signal
_HIGH indicates that only one more read can be
performed before the FIFO goes to empty.
almost_full Output 1 wr_clk LEVEL DoNotCare | Almost Full: When asserted, this signal
_HIGH indicates that only one more write can be
performed before the FIFO is full.
data_valid Output 1 rd_clk LEVEL DoNotCare | Read Data Valid: When asserted, this signal
_HIGH indicates that valid data is available on the
output bus (dout).
dbiterr Output 1 rd_clk LEVEL DoNotCare | Double Bit Error: Indicates that the ECC
_HIGH decoder detected a double-bit error and
data in the FIFO core is corrupted.
din Input WRITE wr_clk NA Active Write Data: The input data bus used when
_DATA writing the FIFO.
_WIDTH
dout Output READ rd_clk NA Active Read Data: The output data bus is driven
_DATA when reading the FIFO.
_WIDTH
empty Output 1 rd_clk LEVEL Active Empty Flag: When asserted, this signal
_HIGH indicates that the FIFO is empty.
Read requests are ignored when the FIFO
is empty, initiating a read while empty is
not destructive to the FIFO.
full Output 1 wr_clk LEVEL Active Full Flag: When asserted, this signal
_HIGH indicates that the FIFO is full.
Write requests are ignored when the FIFO
is full, initiating a write when the FIFO is
full is not destructive to the contents of the
FIFO.
injectdbiterr Input 1 wr_clk LEVEL 0 Double Bit Error Injection: Injects a double
_HIGH bit error if the ECC feature is used on block
RAMs or UltraRAM macros.
injectsbiterr Input 1 wr_clk LEVEL 0 Single Bit Error Injection: Injects a single
_HIGH bit error if the ECC feature is used on block
RAMs or UltraRAM macros.
overflow Output 1 wr_clk LEVEL DoNotCare | Overflow: This signal indicates that a write
_HIGH request (wren) during the prior clock cycle
was rejected, because the FIFO is full.
Overflowing the FIFO is not destructive to
the contents of the FIFO.
prog_empty Output 1 rd_clk LEVEL DoNotCare | Programmable Empty: This signal is
_HIGH asserted when the number of words in the
FIFO is less than or equal to the
programmable empty threshold value.
It is de-asserted when the number of
words in the FIFO exceeds the
programmable empty threshold value.

UG953 (v2021.2) October 22, 2021

7 Series FPGA and Zynqg-7000 SoC Libraries Guide

l Send Feedback l

www.Xilinx.com
40


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Libraries_Guide&docId=UG953&Title=Vivado%20Design%20Suite%207%20Series%20FPGA%20and%20Zynq-7000%20SoC%20Libraries%20Guide&releaseVersion=2021.2&docPage=40

& XILINX

Chapter 2: Xilinx Parameterized Macros

Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
prog_full Output 1 wr_clk LEVEL DoNotCare | Programmable Full: This signal is asserted
_HIGH when the number of words in the FIFO is
greater than or equal to the
programmable full threshold value.
It is de-asserted when the number of
words in the FIFO is less than the
programmable full threshold value.
rd_clk Input 1 NA EDGE Active Read clock: Used for read operation. rd_clk
_RISING must be a free running clock.
rd_data_count | Output RD_DATA | rd_clk NA DoNotCare | Read Data Count: This bus indicates the
_COUNT number of words read from the FIFO.
_WIDTH
rd_en Input 1 rd_clk LEVEL Active Read Enable: If the FIFO is not empty,
_HIGH asserting this signal causes data (on dout)
to be read from the FIFO.
®* Must be held active-low when
rd_rst_busy is active high.
rd_rst_busy Output 1 rd_clk LEVEL Active Read Reset Busy: Active-High indicator that
_HIGH the FIFO read domain is currently in a
reset state.
rst Input 1 wr_clk LEVEL Active Reset: Must be synchronous to wr_clk. The
_HIGH clock(s) can be unstable at the time of
applying reset, but reset must be released
only after the clock(s) is/are stable.
sbiterr Output 1 rd_clk LEVEL DoNotCare | Single Bit Error: Indicates that the ECC
_HIGH decoder detected and fixed a single-bit
error.
sleep Input 1 NA LEVEL 0 Dynamic power saving: If sleep is High, the
_HIGH memory/fifo block is in power saving
mode.
underflow Output 1 rd_clk LEVEL DoNotCare | Underflow: Indicates that the read request
_HIGH (rd_en) during the previous clock cycle was
rejected because the FIFO is empty. Under
flowing the FIFO is not destructive to the
FIFO.
wr_ack Output 1 wr_clk LEVEL DoNotCare | Write Acknowledge: This signal indicates
_HIGH that a write request (wr_en) during the
prior clock cycle is succeeded.
wr_clk Input 1 NA EDGE Active Write clock: Used for write operation.
_RISING wr_clk must be a free running clock.
wr_data_count | Output WR_DATA | wr_clk NA DoNotCare | Write Data Count: This bus indicates the
_COUNT number of words written into the FIFO.
_WIDTH
wr_en Input 1 wr_clk LEVEL Active Write Enable: If the FIFO is not full,
_HIGH asserting this signal causes data (on din)
to be written to the FIFO.
®* Must be held active-low when rst or
wr_rst_busy is active high.
wr_rst_busy Output 1 wr_clk LEVEL Active Write Reset Busy: Active-High indicator
_HIGH that the FIFO write domain is currently in a
reset state.
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Chapter 2: Xilinx Parameterized Macros

Instantiation Yes

Inference No

IP and IP Integrator Catalog No

Available Attributes
. Allowed s
Attribute Type Values Default Description

CASCADE_HEIGHT DECIMAL |0Oto 64 0 0- No Cascade Height, Allow Vivado Synthesis to
choose.
1 or more - Vivado Synthesis sets the specified
value as Cascade Height.

CDC_SYNC_STAGES DECIMAL ([2to8 2 Specifies the number of synchronization stages on
the CDC path
®* Must be <5 if FIFO_WRITE_DEPTH = 16

DOUT_RESET_VALUE STRING String "o" Reset value of read data path.

ECC_MODE STRING "no_ecc", "no_ecc"

"en_ecc" ®* "no_ecc" - Disables ECC
* "en_ecc" - Enables both ECC Encoder and
Decoder

NOTE: ECC_MODE should be "no_ecc" if
FIFO_MEMORY_TYPE is set to "auto". Violating this
may result incorrect behavior.

FIFO_MEMORY_TYPE STRING "auto", "block", | "auto" Designate the fifo memory primitive (resource

"distributed" type) to use.

* "auto"- Allow Vivado Synthesis to choose
* "block"- Block RAM FIFO
* "distributed"- Distributed RAM FIFO
NOTE: There may be a behavior mismatch if Block
RAM or Ultra RAM specific features, like ECC or
Asymmetry, are selected with FIFO_MEMORY_TYPE
set to "auto".

FIFO_READ_LATENCY DECIMAL |0to 10 1 Number of output register stages in the read data

path.

* If READ_MODE = "fwft", then the only
applicable value is 0.
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Allowed

Attribute Type Values

Default Description

FIFO_WRITE_DEPTH DECIMAL 16 to 4194304 2048 Defines the FIFO Write Depth, must be power of
two.

* Instandard READ_MODE, the effective depth =
FIFO_WRITE_DEPTH-1

* In First-Word-Fall-Through READ_MODE, the
effective depth = FIFO_WRITE_DEPTH+1

NOTE: The maximum FIFO size (width x depth) is
limited to 150-Megabits.

FULL_RESET_VALUE DECIMAL 0to1 0 Sets full, almost_full and prog_full to
FULL_RESET_VALUE during reset

PROG_EMPTY_THRESH DECIMAL 3t0 4194301 10 Specifies the minimum number of read words in
the FIFO at or below which prog_empty is
asserted.

* Min_Value =3 + (READ_MODE_VAL*2)

* Max_Value = (FIFO_WRITE_DEPTH-3) -
(READ_MODE_VAL*2)

If READ_MODE = "std", then READ_MODE_VAL = 0;
Otherwise READ_MODE_VAL = 1.

NOTE: The default threshold value is dependent
on default FIFO_WRITE_DEPTH value. If
FIFO_WRITE_DEPTH value is changed, ensure the
threshold value is within the valid range though
the programmable flags are not used.

PROG_FULL_THRESH DECIMAL 5104194301 10 Specifies the maximum number of write words in
the FIFO at or above which prog_full is asserted.

®* Min_Value=3+
(READ_MODE_VAL*2*(FIFO_WRITE_DEPTH/
FIFO_READ_DEPTH))+CDC_SYNC_STAGES

* Max_Value = (FIFO_WRITE_DEPTH-3) -
(READ_MODE_VAL*2*(FIFO_WRITE_DEPTH/
FIFO_READ_DEPTH))

If READ_MODE = "std", then READ_MODE_VAL = 0;
Otherwise READ_MODE_VAL = 1.

NOTE: The default threshold value is dependent
on default FIFO_WRITE_DEPTH value. If
FIFO_WRITE_DEPTH value is changed, ensure the
threshold value is within the valid range though
the programmable flags are not used.

RD_DATA_COUNT DECIMAL 1to23 1 Specifies the width of rd_data_count. To reflect the
_WIDTH correct value, the width should be
log2(FIFO_READ_DEPTH)+1.

* FIFO_READ_DEPTH =
FIFO_WRITE_DEPTH*WRITE_DATA_WIDTH/
READ_DATA_WIDTH
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Attribute

Type

Allowed
Values

Default

Description

READ_DATA_WIDTH

DECIMAL

1 to 4096

32

Defines the width of the read data port, dout

*  Write and read width aspect ratio must be 1:1,
1:2,1:4,1:8, 8:1,4:1 and 2:1

* For example, if WRITE_DATA_WIDTH is 32, then
the READ_DATA_WIDTH must be 32, 64,128,
256, 16, 8, 4.

NOTE:

* READ_DATA_WIDTH should be equal to
WRITE_DATA_WIDTH if FIFO_MEMORY_TYPE is
set to "auto". Violating this may result
incorrect behavior.

*  The maximum FIFO size (width x depth) is
limited to 150-Megabits.

READ_MODE

STRING

"Std ||' "fot"

"Std"

* "std"- standard read mode

*  "fwft"- First-Word-Fall-Through read mode

RELATED_CLOCKS

DECIMAL

0Oto1

Specifies if the wr_clk and rd_clk are related having
the same source but different clock ratios

SIM_ASSERT_CHK

DECIMAL

Oto1

0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.

1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.
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Attribute

Type

Allowed
Values

Default

Description

USE_ADV_FEATURES STRING

String

"0707"

Enables data_valid, almost_empty, rd_data_count,

prog_empty, underflow, wr_ack, almost_full,
wr_data_count, prog_full, overflow features.

Setting USE_ADV_FEATURES[0] to 1 enables
overflow flag; Default value of this bit is 1

Setting USE_ADV_FEATURES[1] to 1 enables
prog_full flag; Default value of this bit is 1

Setting USE_ADV_FEATURES[2] to 1 enables
wr_data_count; Default value of this bit is 1

Setting USE_ADV_FEATURES[3] to 1 enables
almost_full flag; Default value of this bit is 0

Setting USE_ADV_FEATURES[4] to 1 enables
wr_ack flag; Default value of this bitis 0

Setting USE_ADV_FEATURES[8] to 1 enables
underflow flag; Default value of this bit is 1

Setting USE_ADV_FEATURES[9] to 1 enables
prog_empty flag; Default value of this bit is 1

Setting USE_ADV_FEATURES[10] to 1 enables
rd_data_count; Default value of this bit is 1

Setting USE_ADV_FEATURES[11] to 1 enables

almost_empty flag; Default value of this bitis 0

Setting USE_ADV_FEATURES[12] to 1 enables
data_valid flag; Default value of this bit is 0

WAKEUP_TIME

DECIMAL

0to2

0 - Disable sleep

2 - Use Sleep Pin

NOTE: WAKEUP_TIME should be 0 if

FIFO_MEMORY_TYPE is set to "auto". Violating this

may result incorrect behavior.

WR_DATA_COUNT
_WIDTH

DECIMAL

1to 23

Specifies the width of wr_data_count. To reflect the

correct value, the width should be
log2(FIFO_WRITE_DEPTH)+1.
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. Allowed _—
Attribute Type Values Default Description
WRITE_DATA_WIDTH DECIMAL 1 to 4096 32 Defines the width of the write data port, din

NOTE:

Write and read width aspect ratio must be 1:1,
1:2,1:4,1:8, 8:1,4:1 and 2:1

For example, if WRITE_DATA_WIDTH is 32, then
the READ_DATA_WIDTH must be 32, 64,128,
256, 16, 8, 4.

WRITE_DATA_WIDTH should be equal to
READ_DATA_WIDTH if FIFO_MEMORY_TYPE is
set to "auto". Violating this may result
incorrect behavior.

The maximum FIFO size (width x depth) is
limited to 150-Megabits.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity

declaration.

Library xpm;

use xpm.vcomponents.all;

-- xpm_fifo_async: Asynchronous FIFO

-- Xilinx Parameterized Macro,

xpm_fifo_async_inst
generic map (

version 2021.2

xpm_fifo_async

CASCADE_HEIGHT => 0,
CDC_SYNC_STAGES => 2,
DOUT_RESET_VALUE => "0",
ECC_MODE => "no_ecc",

FIFO_MEMORY_TYPE => "auto",

FIFO_READ_LATENCY => 1,
FIFO_WRITE_DEPTH => 2048,
FULL_RESET_VALUE => 0,
PROG_EMPTY_THRESH => 10,
PROG_FULL_THRESH => 10,
RD_DATA_COUNT_WIDTH => 1,
READ_DATA_WIDTH => 32,
READ_MODE => "std",
RELATED_CLOCKS => 0,

SIM_ASSERT_CHK => 0,

WAKEUP_TIME => 0,

WRITE_DATA_WIDTH => 32,
WR_DATA_COUNT_WIDTH => 1

)
port map (

almost_empty => almost_empty,

almost_full => almost_full,

data_valid => data_valid,

dbiterr => dbiterr,
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USE_ADV_FEATURES => "0707",

- DECIMAL
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- DECIMAL

-- 1-bit output:

1-bit output:

1-bit output:

1-bit output:

Almost Empty :

Almost Full:
-- only one more write can be performed before the FIFO is full.

O=disable simulation messages, l=enable simulation messages
-- String

When asserted, this signal indicates that
only one more read can be performed before the FIFO goes to empty.

When asserted, this signal indicates that

Read Data Valid: When asserted, this signal indicates
-- that valid data is available on the output bus (dout).

Double Bit Error:
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dout => dout, -- READ_DATA_WIDTH-bit output: Read Data: The output data bus is driven
-- when reading the FIFO.

empty => empty, -- 1-bit output: Empty Flag: When asserted, this signal indicates that
-- the FIFO is empty. Read requests are ignored when the FIFO is empty,
-- initiating a read while empty is not destructive to the FIFO.

full => full, -- 1-bit output: Full Flag: When asserted, this signal indicates that the
-- FIFO is full. Write requests are ignored when the FIFO is full,
-- dinitiating a write when the FIFO is full is not destructive to the
-- contents of the FIFO.

overflow => overflow, -- 1-bit output: Overflow: This signal indicates that a write request
-- (wren) during the prior clock cycle was rejected, because the FIFO is
-- full. Overflowing the FIFO is not destructive to the contents of the
-- FIFO.

prog_empty => prog_empty, -- 1-bit output: Programmable Empty: This signal is asserted when the
-- number of words in the FIFO is less than or equal to the programmable
-- empty threshold value. It is de-asserted when the number of words in
-- the FIFO exceeds the programmable empty threshold value.

prog-full => prog_full, -- 1-bit output: Programmable Full: This signal is asserted when the
-- number of words in the FIFO is greater than or equal to the
-- programmable full threshold value. It is de-asserted when the number
-- of words in the FIFO is less than the programmable full threshold
-- value.

rd_data_count => rd_data_count, -- RD_DATA_COUNT_WIDTH-bit output: Read Data Count: This bus indicates
-- the number of words read from the FIFO.

rd_rst_busy => rd_rst_busy, -- 1-bit output: Read Reset Busy: Active-High indicator that the FIFO
-- read domain is currently in a reset state.

sbiterr => sbiterr, -- 1-bit output: Single Bit Error: Indicates that the ECC decoder
-- detected and fixed a single-bit error.

underflow => underflow, -- 1-bit output: Underflow: Indicates that the read request (rd_en)
-- during the previous clock cycle was rejected because the FIFO is
-- empty. Under flowing the FIFO is not destructive to the FIFO.

wr_ack => wr_ack, -- 1-bit output: Write Acknowledge: This signal indicates that a write
-- request (wr_en) during the prior clock cycle is succeeded.

wr_data_count => wr_data_count, -- WR_DATA_COUNT_WIDTH-bit output: Write Data Count: This bus indicates
-- the number of words written into the FIFO.

wr_rst_busy => wr_rst_busy, -- 1-bit output: Write Reset Busy: Active-High indicator that the FIFO
-- write domain is currently in a reset state.

din => din, -- WRITE_DATA_WIDTH-bit dinput: Write Data: The input data bus used when
-- writing the FIFO.

injectdbiterr => injectdbiterr, -- 1-bit input: Double Bit Error Injection: Injects a double bit error if
-- the ECC feature is used on block RAMs or UltraRAM macros.

injectsbiterr => injectsbiterr, -- 1-bit input: Single Bit Error Injection: Injects a single bit error if
-- the ECC feature is used on block RAMs or UltraRAM macros.

rd_clk => rd_clk, -- 1-bit dinput: Read clock: Used for read operation. rd_clk must be a
-- free running clock.

rd_en => rd_en, -- 1-bit dinput: Read Enable: If the FIFO is not empty, asserting this
-- signal causes data (on dout) to be read from the FIFO. Must be held
-- active-low when rd_rst_busy is active high.

rst => rst, -- 1-bit dinput: Reset: Must be synchronous to wr_clk. The clock(s) can be
-- unstable at the time of applying reset, but reset must be released
-- only after the clock(s) is/are stable.

sleep => sleep, -- 1-bit dinput: Dynamic power saving: If sleep is High, the memory/fifo
-- block is in power saving mode.

wr_clk => wr_clk, -- 1-bit dinput: Write clock: Used for write operation. wr_clk must be a
-- free running clock.

wr_en => wr_en -- 1-bit dinput: Write Enable: If the FIFO is not full, asserting this
-- signal causes data (on din) to be written to the FIFO. Must be held
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-- active-low when rst or wr_rst_busy is active high.
D s

-- End of xpm_fifo_async_inst instantiation

Verilog Instantiation Template

// xpm_fifo_async: Asynchronous FIFO
// Xilinx Parameterized Macro, version 2021.2

xpm_fifo_async #(

.CASCADE_HEIGHT(O0), // DECIMAL
.CDC_SYNC_STAGES(2), // DECIMAL
.DOUT_RESET_VALUE("0"), // String
.ECC_MODE( "no_ecc"), // String
.FIFO_MEMORY_TYPE("auto"), // String
.FIFO_READ_LATENCY (1), // DECIMAL
.FIFO_WRITE_DEPTH(2048), // DECIMAL
.FULL_RESET_VALUE(O), // DECIMAL
.PROG_EMPTY_THRESH(10), // DECIMAL
.PROG_FULL_THRESH(10), // DECIMAL
.RD_DATA_COUNT_WIDTH(1), // DECIMAL
.READ_DATA_WIDTH(32), // DECIMAL
.READ_MODE("std"), // String
.RELATED_CLOCKS(0), // DECIMAL
.SIM_ASSERT_CHK(O0), // DECIMAL; O=disable simulation messages, l=enable simulation messages
.USE_ADV_FEATURES("0707"), // String
.WAKEUP_TIME(O), // DECIMAL
.WRITE_DATA_WIDTH(32), // DECIMAL
.WR_DATA_COUNT_WIDTH(1) // DECIMAL

)
xpm_fifo_async_inst (
.almost_empty(almost_empty), // 1-bit output: Almost Empty : When asserted, this signal indicates that
// only one more read can be performed before the FIFO goes to empty.

.almost_full(almost_full), // 1-bit output: Almost Full: When asserted, this signal indicates that
// only one more write can be performed before the FIFO is full.

.data_valid(data_valid), // 1-bit output: Read Data Valid: When asserted, this signal indicates
// that valid data is available on the output bus (dout).

.dbiterr(dbiterr), // 1-bit output: Double Bit Error: Indicates that the ECC decoder detected
// a double-bit error and data in the FIFO core is corrupted.

.dout (dout), // READ_DATA_WIDTH-bit output: Read Data: The output data bus is driven
// when reading the FIFO.

.empty(empty), // 1-bit output: Empty Flag: When asserted, this signal indicates that the
// FIFO is empty. Read requests are ignored when the FIFO is empty,
// initiating a read while empty is not destructive to the FIFO.

. full(full), // 1-bit output: Full Flag: When asserted, this signal indicates that the
// FIFO is full. Write requests are ignored when the FIFO is full,
// initiating a write when the FIFO is full is not destructive to the
// contents of the FIFO.

.overflow(overflow), // 1-bit output: Overflow: This signal indicates that a write request
// (wren) during the prior clock cycle was rejected, because the FIFO is
// full. Overflowing the FIFO is not destructive to the contents of the
// FIFO.

.prog_empty(prog_empty), // 1l-bit output: Programmable Empty: This signal is asserted when the
// number of words in the FIFO is less than or equal to the programmable
// empty threshold value. It is de-asserted when the number of words in
// the FIFO exceeds the programmable empty threshold wvalue.

.prog_full(prog_full), // 1-bit output: Programmable Full: This signal is asserted when the
// number of words in the FIFO is greater than or equal to the
// programmable full threshold value. It is de-asserted when the number of
// words in the FIFO is less than the programmable full threshold value.

.rd_data_count(rd_data_count), // RD_DATA_COUNT_WIDTH-bit output: Read Data Count: This bus indicates the
// number of words read from the FIFO.

.rd_rst_busy(rd_rst_busy), // 1-bit output: Read Reset Busy: Active-High indicator that the FIFO read
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//

.sbiterr(sbiterr),

//

.underflow(underflow),

.wr_ack(wr_ack),

//
.wr_data_count (wr_data_count), //
.wr_rst_busy(wr_rst_busy), //
.din(din), //
.injectdbiterr(injectdbiterr),
.injectsbiterr(injectsbiterr),

//

.rd_clk(rd_clk), //

1-bit output:

1-bit output:
the previous clock cycle was rejected because the FIFO is empty.

1-bit output:

WR_DATA_COUNT_WIDTH-bit output:

1-bit output:

WRITE_DATA_WIDTH-bit input:

1-bit input:

1-bit input:

1-bit input:

Chapter 2: Xilinx Parameterized Macros

// domain is currently in a reset state.

Single Bit Error: Indicates that the ECC decoder detected
// and fixed a single-bit error.

Underflow: Indicates that the read request (rd_en) during
Under

// flowing the FIFO is not destructive to the FIFO.

Write Acknowledge: This signal indicates that a write
// request (wr_en) during the prior clock cycle is succeeded.
Write Data Count: This bus indicates

// the number of words written into the FIFO.

Write Reset Busy: Active-High indicator that the FIFO
// write domain is currently in a reset state.

Write Data: The input data bus used when
// writing the FIFO.

Double Bit
// the ECC feature

error if
macros.

Error Injection: Injects a double bit
is used on block RAMs or UltraRAM

error if
macros.

Single Bit
// the ECC feature

Error Injection: Injects a single bit
is used on block RAMs or UltraRAM
Read clock: be a free
// running clock.

Used for read operation. rd_clk must

Read Enable: If the FIFO is not empty, asserting this
(on dout) to be read from the FIFO. Must be held
// active-low when rd_rst_busy is active high.

.rd_en(rd_en), // 1-bit input:

// signal causes data
.rst(rst), // 1-bit dinput:

// unstable at

// after

.sleep(sleep), // 1l-bit input:

// block

.wr_clk(wr_clk), // 1l-bit input:

// free r

.wr_en(wr_en) // 1l-bit input:

signal cause
// active
) 8

// End of xpm_fifo_async_inst instantiation

Related Information

e XPM FIFO Testbench File
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Reset: Must be synchronous to wr_clk. The clock(s) can be
the time of applying reset, but reset must be released only
the clock(s) is/are stable.

Dynamic power saving: If sleep is High,
is in power saving mode.

the memory/fifo

Write clock: Used for write operation. wr_clk must be a

unning clock.

Write Enable: If the FIFO is not full, asserting this
s data (on din) to be written to the FIFO. Must be held
-low when rst or wr_rst_busy is active high.
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XPM_FIFO_AXIS

Parameterized Macro: AXI Stream FIFO

MACRO_GROUP: XPM
MACRO_SUBGROUP: XPM_FIFO

XPM_FIFO_AXIS
—— s_aresetn
———— ] s_aclk
— m_aclk m_axis_tvalid
m_axis_tlast
m_axis_tdata[TDATA_WIDTH-1:0]
m_axis_tdest[TDEST_WIDTH-1:0]
—— injectsbiterr_axis m_axis_tuser[TUSER_WIDTH-1:0]
—— injectdbiterr_axis m_axis_tid[TID_WIDTH-1:0]

m_axis_tkeep[TDATA_WIDTH/8-1:0]
m_axis_tstrb[TDATA_WIDTH/8-1:0]

wr_data_count_axis|WR_DATA_COUNT_WIDTH-1:0]
rd_data_count_axis[RD_DATA_COUNT_WIDTH-1:0]

m_axis_tready
almost_full_axis
prog_full_axis
almost_empty_axis

s_axis_tvalid prog_empty_axis
s_axis_tlast

s_axis_tdata[TDATA_WIDTH-1:0]

s_axis_tdest[TDEST_WIDTH-1:0] s_axis_tready

s_axis_tuser[TUSER_WIDTH-1:0]
s_axis_tid[TID_WIDTH-1:0]

s_axis_tkeep[TDATA_WIDTH/8-1:0] sbiterr_axis
s_axis_tstrb[TDATA_WIDTH/8-1:0] dbiterr_axis
X20498-102119
Introduction

This macro is used to instantiate AXI Stream FIFO.

AXI Stream FIFO is derived from the XPM_FIFO_SYNC and XPM_FIFO_ASYNC. The AXI Stream
protocol uses a two-way valid and ready handshake mechanism. The information source uses the
valid signal to show when valid data or control information is available on the channel. The
information destination uses the ready signal to show when it can accept the data.
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Timing Diagrams
Figure 12: Timing for Read and Write Operations to the AXI Stream FIFO
s_aclk J—\_/—\_/—\_/—\_/—\_/—\_/—\_/—\M

|
|

information D0 | X X DT X
]

s_axis_tvalid I
I

s_axis_tready :
|
|

information X DO X D1 X

m_axis_tvalid

m_axis_tready

X20499-061319

In the timing diagram above, the information source generates a valid signal to indicate when
data is available. The destination generates a ready signal to indicate that it can accept data, and
transfer occurs only when both the valid and ready signals are High.

Because the AXI Stream FIFO is derived from XPM_FIFO_SYNC and XPM_FIFO_ASYNC, much
of the behavior is common between them. The ready signal is generated based on availability of
space in the FIFO and is held high to allow writes to the FIFO. The ready signal is pulled Low only
when there is no space in the FIFO left to perform additional writes. The valid signal is generated
based on availability of data in the FIFO and is held High to allow reads to be performed from the
FIFO. The valid signal is pulled Low only when there is no data available to be read from the
FIFO. The information signals are mapped to the din and dout bus of Native interface FIFOs. The
width of the AXI FIFO is determined by concatenating all of the information signals of the AXI
interface. The information signals include all AXI signals except for the valid and ready handshake
signals.

The AXI Stream FIFO operates only in First-Word Fall-Through mode. The First-Word Fall-
Through (FWFT) feature provides the ability to look ahead to the next word available from the
FIFO without issuing a read operation. When data is available in the FIFO, the first word falls
through the FIFO and appears automatically on the output data bus.

Port Descriptions

. . . . Handlin .
Port Direction | Width | Domain | Sense |12 dling Function
if Unused

almost_empty | Output 1 m_aclk LEVEL DoNotCare | AlImost Empty : When asserted, this signal
_axis _HIGH indicates that only one more read can be

performed before the FIFO goes to empty.
almost_full Output 1 s_aclk LEVEL DoNotCare | Almost Full: When asserted, this signal
_axis _HIGH indicates that only one more write can be

performed before the FIFO is full.
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Port

Direction

Width

Domain

Sense

Handling
if Unused

Function

dbiterr_axis

Output

m_aclk

LEVEL

_HIGH

DoNotCare

Double Bit Error- Indicates that the ECC
decoder detected a double-bit error and
data in the FIFO core is corrupted.

injectdbiterr
_axis

Input

s_aclk

LEVEL

_HIGH

Double Bit Error Injection- Injects a double
bit error if the ECC feature is used.

injectsbiterr
_axis

Input

s_aclk

LEVEL

_HIGH

Single Bit Error Injection- Injects a single
bit error if the ECC feature is used.

m_aclk

Input

NA

EDGE

_RISING

Active

Master Interface Clock: All signals on
master interface are sampled on the rising
edge of this clock.

m_axis_tdata

Output

TDATA
_WIDTH

m_aclk

NA

Active

TDATA: The primary payload that is used to
provide the data that is passing across the

interface. The width of the data payload is

an integer number of bytes.

m_axis_tdest

Output

TDEST
_WIDTH

m_aclk

NA

Active

TDEST: Provides routing information for
the data stream.

m_axis_tid

Output

TID
_WIDTH

m_aclk

NA

Active

TID: The data stream identifier that
indicates different streams of data.

m_axis_tkeep

Output

TDATA
_WIDTH /
8

m_aclk

NA

Active

TKEEP: The byte qualifier that indicates
whether the content of the associated byte
of TDATA is processed as part of the data
stream. Associated bytes that have the
TKEEP byte qualifier deasserted are null
bytes and can be removed from the data
stream. For a 64-bit DATA, bit 0
corresponds to the least significant byte
on DATA, and bit 7 corresponds to the
most significant byte. For example:

* KEEP[0] = 1b, DATA[7:0] is not a NULL
byte

* KEEP[7] = Ob, DATA[63:56] is a NULL
byte

m_axis_tlast

Output

m_aclk

LEVEL

_HIGH

Active

TLAST: Indicates the boundary of a packet.

m_axis_tready

Input

m_aclk

LEVEL

_HIGH

Active

TREADY: Indicates that the slave can
accept a transfer in the current cycle.

m_axis_tstrb

Output

TDATA
_WIDTH /

m_aclk

NA

Active

TSTRB: The byte qualifier that indicates
whether the content of the associated byte
of TDATA is processed as a data byte or a
position byte. For a 64-bit DATA, bit 0
corresponds to the least significant byte
on DATA, and bit 0 corresponds to the least
significant byte on DATA, and bit 7
corresponds to the most significant byte.
For example:

* STROBE[0] = 1b, DATA[7:0] is valid

* STROBE[7] = Ob, DATA[63:56] is not
valid

m_axis_tuser

Output

TUSER
_WIDTH

m_aclk

NA

Active

TUSER: The user-defined sideband
information that can be transmitted
alongside the data stream.
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Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
m_axis_tvalid Output 1 m_aclk LEVEL Active TVALID: Indicates that the master is
_HIGH driving a valid transfer.
* Atransfer takes place when both
TVALID and TREADY are asserted
prog_empty Output 1 m_aclk LEVEL DoNotCare | Programmable Empty- This signal is
_axis _HIGH asserted when the number of words in the
FIFO is less than or equal to the
programmable empty threshold value.
It is de-asserted when the number of
words in the FIFO exceeds the
programmable empty threshold value.
prog_full_axis | Output 1 s_aclk LEVEL DoNotCare | Programmable Full: This signal is asserted
_HIGH when the number of words in the FIFO is
greater than or equal to the
programmable full threshold value.
It is de-asserted when the number of
words in the FIFO is less than the
programmable full threshold value.
rd_data_count | Output RD_DATA | m_aclk NA DoNotCare | Read Data Count- This bus indicates the
_axis _COUNT number of words available for reading in
_WIDTH the FIFO.
s_aclk Input 1 NA EDGE Active Slave Interface Clock: All signals on slave
_RISING interface are sampled on the rising edge of
this clock.
s_aresetn Input 1 NA LEVEL Active Active low asynchronous reset.
_Low
s_axis_tdata Input TDATA s_aclk NA Active TDATA: The primary payload that is used to
_WIDTH provide the data that is passing across the
interface. The width of the data payload is
an integer number of bytes.
s_axis_tdest Input TDEST s_aclk NA Active TDEST: Provides routing information for
_WIDTH the data stream.
s_axis_tid Input TID s_aclk NA Active TID: The data stream identifier that
_WIDTH indicates different streams of data.
s_axis_tkeep Input TDATA s_aclk NA Active TKEEP: The byte qualifier that indicates
_WIDTH / whether the content of the associated byte
8 of TDATA is processed as part of the data
stream. Associated bytes that have the
TKEEP byte qualifier deasserted are null
bytes and can be removed from the data
stream. For a 64-bit DATA, bit 0
corresponds to the least significant byte
on DATA, and bit 7 corresponds to the
most significant byte. For example:
* KEEP[0] = 1b, DATA[7:0] is not a NULL
byte
* KEEP[7] = Ob, DATA[63:56] is a NULL
byte
s_axis_tlast Input 1 s_aclk LEVEL Active TLAST: Indicates the boundary of a packet.
_HIGH
s_axis_tready Output 1 s_aclk LEVEL Active TREADY: Indicates that the slave can
_HIGH accept a transfer in the current cycle.

www.Xilinx.com

UG953 (v2021.2) October 22, 2021

7 Series FPGA and Zynqg-7000 SoC Libraries Guide 53

l Send Feedback l


https://www.xilinx.com
https://www.xilinx.com/about/feedback/document-feedback.html?docType=Libraries_Guide&docId=UG953&Title=Vivado%20Design%20Suite%207%20Series%20FPGA%20and%20Zynq-7000%20SoC%20Libraries%20Guide&releaseVersion=2021.2&docPage=53

iv Xl I_l NX Chapter 2: Xilinx Parameterized Macros
A ®

Port Direction | Width | Domain | Sense _Handlmg Function
if Unused
S_axis_tstrb Input TDATA s_aclk NA Active TSTRB: The byte qualifier that indicates
_WIDTH / whether the content of the associated byte
8 of TDATA is processed as a data byte or a
position byte. For a 64-bit DATA, bit 0
corresponds to the least significant byte
on DATA, and bit 0 corresponds to the least
significant byte on DATA, and bit 7
corresponds to the most significant byte.
For example:
* STROBE[0] = 1b, DATA[7:0] is valid
* STROBE[7] = Ob, DATA[63:56] is not
valid
s_axis_tuser Input TUSER s_aclk NA Active TUSER: The user-defined sideband
_WIDTH information that can be transmitted
alongside the data stream.
s_axis_tvalid Input 1 s_aclk LEVEL Active TVALID: Indicates that the master is
_HIGH driving a valid transfer.
* Atransfer takes place when both
TVALID and TREADY are asserted
sbiterr_axis Output 1 m_aclk LEVEL DoNotCare | Single Bit Error- Indicates that the ECC
_HIGH decoder detected and fixed a single-bit
error.
wr_data_count | Output WR_DATA | s_aclk NA DoNotCare | Write Data Count: This bus indicates the
_axis _COUNT number of words written into the FIFO.
_WIDTH
Design Entry Method
Instantiation Yes
Inference No
IP and IP Integrator Catalog No
Available Attributes
Attribute Type Allowed Default Description
Values
CASCADE_HEIGHT DECIMAL |Oto64 0 0- No Cascade Height, Allow Vivado Synthesis to
choose.

1 or more - Vivado Synthesis sets the specified
value as Cascade Height.

CDC_SYNC_STAGES DECIMAL |2to8 2 Specifies the number of synchronization stages on
the CDC path.

Applicable only if CLOCKING_MODE =
"independent_clock"
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Allowed

Attribute Type Values Default Description
CLOCKING_MODE STRING "common "common | Designate whether AXI Stream FIFO is clocked with
_clock", _clock" a common clock or with independent clocks-
"independent
_clock” *  "common_clock"- Common clocking; clock
both write and read domain s_aclk
* "independent_clock"- Independent clocking;
clock write domain with s_aclk and read
domain with m_aclk
ECC_MODE STRING "no_ecc", "no_ecc"
"en_ecc" ®* "no_ecc" - Disables ECC
* "en_ecc" - Enables both ECC Encoder and
Decoder
NOTE: ECC_MODE should be "no_ecc" if
FIFO_MEMORY_TYPE is set to "auto". Violating this
may result incorrect behavior.
FIFO_DEPTH DECIMAL 16 to 4194304 2048 Defines the AXI Stream FIFO Write Depth, must be
power of two NOTE: The maximum FIFO size
(width x depth) is limited to 150-Megabits.
FIFO_MEMORY_TYPE STRING "auto", "block", | "auto" Designate the fifo memory primitive (resource
"distributed"”, type) to use-
"ultra"
* "auto"- Allow Vivado Synthesis to choose
* "block"- Block RAM FIFO
* "distributed"- Distributed RAM FIFO
* "ultra"- URAM FIFO
NOTE: There may be a behavior mismatch if Block
RAM or Ultra RAM specific features, like ECC or
Asymmetry, are selected with FIFO_MEMORY_TYPE
set to "auto".
PACKET_FIFO STRING "false", "true" "false"
* "true"- Enables Packet FIFO mode
* "false"- Disables Packet FIFO mode
PROG_EMPTY_THRESH DECIMAL 510 4194301 10 Specifies the minimum number of read words in

the FIFO at or below which prog_empty is
asserted.

* Min_Value=5
* Max_Value = FIFO_WRITE_DEPTH - 5

NOTE: The default threshold value is dependent
on default FIFO_WRITE_DEPTH value. If
FIFO_WRITE_DEPTH value is changed, ensure the
threshold value is within the valid range though
the programmable flags are not used.
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Attribute

Type

Allowed
Values

Default

Description

PROG_FULL_THRESH

DECIMAL

5t0 4194301

10

Specifies the maximum number of write words in
the FIFO at or above which prog_full is asserted.

* Min_Value =5+ CDC_SYNC_STAGES

* Max_Value = FIFO_WRITE_DEPTH - 5

NOTE: The default threshold value is dependent
on default FIFO_WRITE_DEPTH value. If
FIFO_WRITE_DEPTH value is changed, ensure the
threshold value is within the valid range though
the programmable flags are not used.

RD_DATA_COUNT
_WIDTH

DECIMAL

1to 23

Specifies the width of rd_data_count_axis. To
reflect the correct value, the width should be
log2(FIFO_DEPTH)+1.

RELATED_CLOCKS

DECIMAL

Oto1

Specifies if the s_aclk and m_aclk are related
having the same source but different clock ratios.
Applicable only if CLOCKING_MODE =
"independent_clock"

SIM_ASSERT_CHK

DECIMAL

Oto1

0- Disable simulation message reporting.
Messages related to potential misuse will not be
reported.

1- Enable simulation message reporting.
Messages related to potential misuse will be
reported.

TDATA_WIDTH

DECIMAL

8 to 2048

32

Defines the width of the TDATA port, s_axis_tdata
and m_axis_tdata NOTE: The maximum FIFO size
(width x depth) is limited to 150-Megabits.

TDEST_WIDTH

DECIMAL

1to32

Defines the width of the TDEST port, s_axis_tdest
and m_axis_tdest

TID_WIDTH

DECIMAL

1to 32

Defines the width of the ID port, s_axis_tid and
m_axis_tid

TUSER_WIDTH

DECIMAL

1 to 4086

Defines the width of the TUSER port, s_axis_tuser
and m_axis_tuser

USE_ADV_FEATURES

STRING

String

"1000"

Enables almost_empty_axis, rd_data_count_axis,
prog_empty_axis, almost_full_axis,
wr_data_count_axis, prog_full_axis sideband
signals.

* Setting USE_ADV_FEATURES[1] to 1 enables
prog_full flag; Default value of this bit is 0

*  Setting USE_ADV_FEATURES[2] to 1 enables
wr_data_count; Default value of this bit is 0

* Setting USE_ADV_FEATURES[3] to 1 enables
almost_full flag; Default value of this bitis 0

*  Setting USE_ADV_FEATURES[9] to 1 enables
prog_empty flag; Default value of this bitis 0

* Setting USE_ADV_FEATURES[10] to 1 enables
rd_data_count; Default value of this bit is 0

* Setting USE_ADV_FEATURES[11] to 1 enables
almost_empty flag; Default value of this bitis 0
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. Allowed -

Attribute Type Values Default Description
WR_DATA_COUNT DECIMAL 1to 23 1 Specifies the width of wr_data_count_axis. To
_WIDTH reflect the correct value, the width should be

log2(FIFO_DEPTH)+1.

VHDL Instantiation Template

Unless they already exist, copy the following two statements and paste them before the entity
declaration.

Library xpm;
use xpm.vcomponents.all;

-- xpm_fifo_axis: AXI Stream FIFO
-- Xilinx Parameterized Macro, version 2021.2

xpm_fifo_axis_inst : xpm_fifo_axis
generic map (
CASCADE_HEIGHT => 0, -- DECIMAL
CDC_SYNC_STAGES => 2, -- DECIMAL
CLOCKING_MODE => "common_clock", -- String
ECC_MODE => "no_ecc", -- String
FIFO_DEPTH => 2048, -- DECIMAL
FIFO_MEMORY_TYPE => "auto", -- String
PACKET_FIFO => "false", -- String
PROG_EMPTY_THRESH => 10, -- DECIMAL
PROG_FULL_THRESH => 10, -- DECIMAL
RD_DATA_COUNT_WIDTH => 1, -- DECIMAL
RELATED_CLOCKS => 0, -- DECIMAL
SIM_ASSERT_CHK => 0, -- DECIMAL; O=disable simulation messages, l=enable simulation messages
TDATA_WIDTH => 32, -- DECIMAL
TDEST_WIDTH => 1, -- DECIMAL
TID_WIDTH => 1, -- DECIMAL
TUSER_WIDTH => 1, -- DECIMAL
USE_ADV_FEATURES => "1000", -- String
WR_DATA_COUNT_WIDTH => 1 -- DECIMAL
)
port map (
almost_empty_axis => almost_empty_axis, -- 1-bit output: Almost Empty : When asserted, this signal
-- dindicates that only one more read can be performed before
-- the FIFO goes to empty.
almost_full_axis => almost_full_axis, -- 1-bit output: Almost Full: When asserted, this signal
-- dindicates that only one more write can be performed before
-- the FIFO is full.
dbiterr_axis => dbiterr_axis, -- 1-bit output: Double Bit Error- Indicates that the ECC
-- decoder detected a double-bit error and data in the FIFO
-- core is corrupted.
m_axis_tdata => m_axis_tdata, -- TDATA_WIDTH-bit output: TDATA: The primary payload that is
-- used to provide the data that is passing across the
-- dinterface. The width of the data payload is an integer
-- number of bytes.
m_axis_tdest => m_axis_tdest, -- TDEST_WIDTH-bit output: TDEST: Provides routing information
-- for the data stream.
m_axis_tid => m_axis_tid, -- TID_WIDTH-bit output: TID: The data stream identifier that
-- indicates different streams of data.
m_axis_tkeep => m_axis_tkeep, -- TDATA_WIDTH/8-bit output: TKEEP: The byte qualifier that

-- indicates whether the content of the associated byte of

-- TDATA is processed as part of the data stream. Associated

-- bytes that have the TKEEP byte qualifier deasserted are null
-- bytes and can be removed from the data stream. For a 64-bit
-- DATA, bit O corresponds to the least significant byte on

-- DATA, and bit 7 corresponds to the most significant byte.

-- For example: KEEP[O] = 1b, DATA[7:0] is not a NULL byte
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-- KEEP[7] = Ob, DATA[63:56] is a NULL byte
m_axis_tlast => m_axis_tlast, -- 1-bit output: TLAST: Indicates the boundary of a packet.
m_axis_tstrb => m_axis_tstrb, -- TDATA_WIDTH/8-bit output: TSTRB: The byte qualifier that

-- indicates whether the content of the associated byte of

-- TDATA is processed as a data byte or a position byte. For a

-- 64-bit DATA, bit 0 corresponds to the least significant byte

-- on DATA, and bit 0 corresponds to the least significant byte

-- on DATA, and bit 7 corresponds to the most significant byte.

-- For example: STROBE[O] = 1b, DATA[7:0] is valid STROBE[7] =
-- Ob, DATA[63:56] is not valid

m_axis_tuser => m_axis_tuser, -- TUSER_WIDTH-bit output: TUSER: The user-defined sideband
-- information that can be transmitted alongside the data
-- stream.
m_axis_tvalid => m_axis_tvalid, -- 1-bit output: TVALID: Indicates that the master is driving a

-- valid transfer. A transfer takes place when both TVALID and
-- TREADY are asserted

prog_empty_axis => prog_empty_axis, -- 1-bit output: Programmable Empty- This signal is asserted
-- when the number of words in the FIFO is less than or equal
-- to the programmable empty threshold value. It is de-asserted
-- when the number of words in the FIFO exceeds the
-- programmable empty threshold value.

prog_full_axis => prog_-full_axis, -- 1-bit output: Programmable Full: This signal is asserted
-- when the number of words in the FIFO is greater than or
-- equal to the programmable full threshold value. It is
-- de-asserted when the number of words in the FIFO is 1less
-- than the programmable full threshold value.

rd_data_count_axis => rd_data_count_axis, -- RD_DATA_COUNT_WIDTH-bit output: Read Data Count- This bus
-- indicates the number of words available for reading in the
-- FIFO.
s_axis_tready => s_axis_tready, -- 1-bit output: TREADY: Indicates that the slave can accept a

-- transfer in the current cycle.

sbiterr_axis => sbiterr_axis, -- 1-bit output: Single Bit Error- Indicates that the ECC
-- decoder detected and fixed a single-bit error.

wr_data_count_axis => wr_data_count_axis, -- WR_DATA_COUNT_WIDTH-bit output: Write Data Count: This bus
-- indicates the number of words written into the FIFO.

injectdbiterr_axis => injectdbiterr_axis, -- 1-bit input: Double Bit Error Injection- Injects a double
-- bit error if the ECC feature is used.

injectsbiterr_axis => injectsbiterr_axis, -- 1-bit input: Single Bit Error Injection- Injects a single
-- bit error if the ECC feature is used.

m_aclk => m_aclk, -- 1-bit dinput: Master Interface Clock: All signals on master
-- interface are sampled on the rising edge of this clock.

m_axis_tready => m_axis_tready, -- 1-bit input: TREADY: Indicates that the slave can accept a
-- transfer in the current cycle.

s_aclk => s_aclk, -- 1-bit input: Slave Interface Clock: All signals on slave
-- interface are sampled on the rising edge of this clock.

s_aresetn => s_aresetn, -- 1-bit dinput: Active low asynchronous reset.
s_axis_tdata => s_axis_tdata, -- TDATA_WIDTH-bit dinput: TDATA: The primary payload that is
-- used to provide the data that is passing across the
-- interface. The width of the data payload is an integer
-- number of bytes.

s_axis_tdest => s_axis_tdest, -- TDEST_WIDTH-bit dinput: TDEST: Provides routing information
-- for the data stream.

s_axis_tid => s_axis_tid, -- TID_WIDTH-bit input: TID: The data stream identifier that
-- indicates different streams of data.

s_axis_tkeep => s_axis_tkeep, -- TDATA_WIDTH/8-bit input: TKEEP: The byte qualifier that
-- indicates whether the content of the associated byte of
-- TDATA is processed as part of the data stream. Associated
-- bytes that have the TKEEP byte qualifier deasserted are null
-- bytes and can be removed from the data stream. For a 64-bit
-- DATA, bit O corresponds to the least significant byte on
-- DATA, and bit 7 corresponds to the most significant byte.
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-- For example: KEEP[0] = 1b, DATA[7:0] is not a NULL byte

-- KEEP[7] = Ob, DATA[63:56] is a NULL byte
s_axis_tlast => s_axis_tlast, -- 1-bit dinput: TLAST: Indicates the boundary of a packet.
s_axis_tstrb => s_axis_tstrb, -- TDATA_WIDTH/8-bit dinput: TSTRB: The byte qualifier that

-- dindicates whether the content of the associated byte of

-- TDATA is processed as a data byte or a position byte. For a

-- 64-bit DATA, bit O corresponds to the least significant byte

-- on DATA, and bit 0 corresponds to the least significant byte

-- on DATA, and bit 7 corresponds to the most significant byte.

-- For example: STROBE[O0] = 1b, DATA[7:0] is valid STROBE[7] =
-- 0b, DATA[63:56] is not wvalid

s_axis_tuser => s_axis_tuser, -- TUSER_WIDTH-bit input: TUSER: The user-defined sideband
-- information that can be transmitted alongside the data
-- stream.
s_axis_tvalid => s_axis_tvalid -- 1-bit dinput: TVALID: Indicates that the master is driving a

-- valid transfer. A transfer takes place when both TVALID and
-- TREADY are asserted

)8

-- End of xpm_fifo_axis_inst instantiation

Verilog Instantiation Template

// xpm_fifo_axis: AXI Stream FIFO
// Xilinx Parameterized Macro, version 2021.2

xpm_fifo_axis #(

.CASCADE_HEIGHT(O0), // DECIMAL
.CDC_SYNC_STAGES(2), // DECIMAL
.CLOCKING_MODE( "common_clock"), // String
.ECC_MODE( "no_ecc"), // String
.FIFO_DEPTH(2048), // DECIMAL
.FIFO_MEMORY_TYPE( "auto"), // String
.PACKET_FIFO("false"), // String
.PROG_EMPTY_THRESH(10), // DECIMAL
.PROG_FULL_THRESH(10), // DECIMAL
.RD_DATA_COUNT_WIDTH(1), // DECIMAL
.RELATED_CLOCKS(0), // DECIMAL
.SIM_ASSERT_CHK(O0), // DECIMAL; O=disable simulation messages, l=enable simulation messages
.TDATA_WIDTH(32), // DECIMAL
.TDEST_WIDTH(1), // DECIMAL
.TID_WIDTH(1), // DECIMAL
.TUSER_WIDTH(1), // DECIMAL
.USE_ADV_FEATURES("1000"), // String
.WR_DATA_COUNT_WIDTH(1) // DECIMAL

)
xpm_fifo_axis_inst (
.almost_empty_axis(almost_empty_axis), // 1-bit output: Almost Empty : When asserted, this signal
// indicates that only one more read can be performed before the
// FIFO goes to empty.

.almost_full_axis(almost_full_axis), // 1-bit output: Almost Full: When asserted, this signal
// dindicates that only one more write can be performed before
// the FIFO is full.

.dbiterr_axis(dbiterr_axis), // 1l-bit output: Double Bit Error- Indicates that the ECC
// decoder detected a double-bit error and data in the FIFO core
// 1is corrupted.

.m_axis_tdata(m_axis_tdata), // TDATA_WIDTH-bit output: TDATA: The primary payload that is
// used to provide the data that is passing across the
// interface. The width of the data payload is an integer number
// of bytes.

.m_axis_tdest(m_axis_tdest), // TDEST_WIDTH-bit output: TDEST: Provides routing information
// for the data stream.

.m_axis_tid(m_axis_tid), // TID_WIDTH-bit output: TID: The data stream identifier that
// indicate